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Akt.  L — Alexander  von  Humboldt^  his  early  Life^  his  Education^ 
his  Writings^  and  his  Books ;  by  Henry  Stevens  of  Ver- 
mont, F.S.A.  eta,  4  Tra&lgar  Square,  London. 

The  higher  the  sun  the  shorter  the  shadow ;  even  so  the 
greater  the  eminence  of  a  philosopher  the  briefer  need  be  his  eulo- 

Sr  by  the  unphilosophicaL  Nevertheless  so  exceptional  was 
umboldtin  himself,  his  early  training,  his  achievements,  it 
may  not  be  deemed  out  of  place  here,  though  perhaps  at  the 
expense  of  wearying  the  unlearned  who  need  not  know  so 
much,  or  worrying  the  learned  who  know  it  already,  to  recapit- 
ulate a  few  of  the  well  known  points  in  the  life,  education,  and 
character  of  this  illustrious  man. 

If  the  indifferent  reader  will  run  his  quick  eye  over  the  titles 
of  the  seventeen  thousand  volumes  recorded  in  the  Catalogue 
of  his  Library  he  will,  no  doubt,  see  at  a  glance  that  in  very 
many  respects,  it  is  the  most  extraordinary  collection  of  modem 


[The  above  article  has  been  contributed  to  the  Journal  at 
our  request  by  Mr.  Henry  Stevens,  a  gentleman  of  well  known 
bibliographical  attainments,  who  purchased  the  library  of  Hum- 
boldt, not  long  after  his  decease,  and  who  has  arrived  at  many  in- 
teresting conclosions  in  respect  to  the  distinguished  scientist, 
based  chiefly  upon  the  exammation  of  his  literary  and  scientific 
collections.  It  was  originally  written  as  a  preface  to  a  Catalojrae 
of  the  Library  prepared  under  the  direction  of  Mr.  Stevens.  Ow- 
ing to  a  change  in  lir.  Stevens's  plan  respecting  its  publication, 
some  slight  alterations  have  been  made  in  it,  but  not  m  any  way 
to  affect  the  comments  upon  Humboldt — ^Eds.] 
Ax.  JouB.  8oi  — Ssooim  Sbbixs,  Vol.  XLIX,  No.  146.-JaiL,  1S70. 
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scientific  books,  especiallv  those  pertaining  to  the  physical  sci- 
ences, ever  brought  together.  It  is  true,  many  of  the  common 
every-day  standard  works  of  this  class  such  as  *  no  library  should 
be  without,*  are  wanting  here,  particularly  the  long  sets  of  scien- 
tific periodicals,  the  transactions  of  learned  societies  and  other 
Xally  valuable  and  bulky  books ;  but  when  it  is  remembered 
t  the  great  philosopher,  while  in  Paris,  where  for  twenty  years 
he  was  revising  and  finishing  what  he  had  done,  and  afterwards 
while  at  Berlin,  where  in  his  old  age,  in  working  up  his  master- 
piec,es  of  thought,  he  brought  back  to  the  anvil  that  which  he 
nad  hammered,  alwa;^s  had  at  his  elbow  some  of  the  best  public 
and  private  libraries  in  France  and  Germany,  as  free  to  him  at 
all  times  as  his  own,  their  absence  from  his  own  collection  is 
accounted  for.  But  the  reader  will  observe  that  an  unusually 
large  proportion  of  Humboldt's  books  cannot  be  found  in  any 
other  single  library,  public  or  private,  in  Europe  or  America, 
not  excepting  even  the  British  Museum,  the  Imperial  Library 
of  Paris,  the  Koyal  Library  of  Berlin,  or  the  Eoyal  Society  of 
London.  Indeed  it  is  a  matter  of  fact,  that  on  a  careful  ex- 
amination in  1862-3,  it  was  found  that  the  library  of  the  British 
Museum,  was  deficient  in  at  least  one-third  of  the  titles  entered 
in  this  catalogue,  every  one  of  which  was  deemed  a  desirable 
acquisition.  These  were  mostly  privately  printed  or  unusual 
works.  Almost  every  pa^e  of  the  catalogue  contains  books 
important  in  themselves,  which  no  money  can  buy  in  the  usual 
channels  of  commerce,  but  which  in  every  tongue  were  drawn 
together  from  all  parts  of  the  world,  by  tne  irresistible  gravita- 
tion of  Humboldvs  nama 

About  the  year  1855  in  this  country  an  unfortunate  public 
impression  was  achieved,  for  a  purpose,  and  sedulously  enforced 
by  high  authority,  to  the  effect  that  the  collection  of  larce 
libraries  of  scientific  and  other  books  was  not  necessary  to  the 
increase  and  diffusion  ofhuowledge  among  men,  "  There  are  two 
individuals,"  wrote  a  distinguished  savant  to  the  Committee  of 
Congress,  "  who  may,  without  qualification,  be  considered  the 
most  prominent  scientific  men  oi  the  nineteenth  century — ^Cuvier 
and  Humboldt  By  what  means  have  they  given  such  power- 
ful impulse  to  science  ?  How  have  thev  succeeded  not  only  in 
increasing  the  amount  of  knowledge  oi  their  a^e,  but  also  in 
founding  new  branches  of  science  f  It  is  by  their  own  publica- 
tions ana  by  aiding  in  the  publications  of  others ;  by  making 
large  collections  of  specimens  and  other  scientific  apparatus, 
and  not  by  the  accumulation  of  large  librariea  Humboldt 
never  owned  a  book,  not  even  a  copy  of  his  own  works^  as  I 
know  from  his  own  lips.  *  He  was  too  poor,'  he  once  said  to 
me,  *  to  secure  a  copy  of  them ';  and  all  the  works  he  receives 
constantly  from  his  scientific  friends  are  distributed  by  him  to 
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needy  students."  The  very  historical  truth  was  then  and  is 
now  that  the  two  best  scientific  private  libraries  in  Europe  be- 
longed to  Cuvier  and  Humboldt,  the  one  lining  the  splendid 
salons  in  which  the  baron  held  those  historic  reunions ;  the 
other  described  in  this  catalogue  which  contains  all  the  books 
Humboldt  ever  wrote,  many  of  them  thumbed,  worn  and  an- 
notated. 

Humboldt  was  a  fortunate  child  of  nature.  A  lucky  star 
seems  to  have  presided  at  his  birth.  On  the  third  of  June,  1769, 
occurred  the  rarest  and  most  important  phenomenon  within  the 
whole  range  of  mathematics  and  astronomy ;  an  event  more 
favorable  of  its  kind  than  any  that  had  been  observed  since 
the  Christian  era  began,  or  would  again  occur  for  hundreds  of 
years ;  an  event  which  Rittenhouse  in  America,  Euler  in  Ger- 
many and  many  other  eminent  astronomers  of  other  countries 
were  deputed  to  observe  for  the  benefit  of  mankind.  The  last 
Transit  of  Ventts*  the  great  opportunity  for  determining  the 
sim*s  pai^ax,  and  consequently  the  dimensions  of  our  planetary 
system  and  our  globe,  was  a  conjunction  of  planets  coincident 
with  the  birth  of  twelve  imperial  men  of  nature,  more  renowned 
than  the  twelve  Caesars.  No  other  single  yearprobably,  before 
or  since,  ever  produced  such  men  as  Napoleon,  W  ellinffton,  Soult 
and  Ney ;  Brunei,  Mehemet  Aly,  Turner,  Sir  Thomas  Lawrence, 
Chateaubriand,  and  Castlereagh ;  Cuvier  and  Humboldt  ;  men 
who  upturned  the  world  and  set  it  right  again ;  who  revolution- 
ized science,  art,  politics,  states,  ana  the  affairs  of  mankind. 
Humboldt,  in  many  respects  the  most  gifted  of  them  all,  out- 
lived them  alL 

With  his  life  ended,  and  became  historic,  the  first  grand 
period  of  modem  science.  The  times  that  developed  the 
French  Revolution  ripened  Humboldt,  and  made  conspicuous 
others,  many  of  them  his  firiends  and  fellow  laborers,  among 

*  Trwnsito  of  Venue  are  aa  rare  as  they  are  important  They  occur  in  couples,  in 
June  and  December,  about  eif2:ht  years  apart,  and  then  not  again  for  several  gener- 
ations.  Kepler  was  aware  of  the  phenomenon  and  as  early  as  1604  announced 
that  one  wcnild  take  place  in  1761,  but  young  Horrocks  of  Liverpool  with  better 
tables,  Mid  additional  data,  calculated  that  there  would  be  a  trcmgit  on  the  4th  of 
Dec.,  1639.  He  let  a  Mend  into  his  secret,  and  they  two  on  the  day  named,  for 
Venus  was  punctus^  were  the  first  ever  known  to  observe  it.  It  was  soon  calcu- 
lated that  (me  must  have  taken  place  on  the  6th  of  Dec.,  1631,  and  another  in 
June,  1526,  and  that  the  next  woidd  not  occur  till  the  5th  of  June,  1761.  But  of 
an  the  transits,  past  and  to  come,  the  climax  would  be,  that  of  the  3d  of  June, 
1769,  when  Venus  passed  across  tiie  sun's  disc  very  near  the  center.  The  next 
one,  but  not  visible  in  this  country,  will  take  place  five  years  hence  on  the  8th  of 
Dec.,  1874,  which  will  be  a  grand  one  for  sdenoe,  considering  the  great  advance 
in  science  instruments,  but  far  inferior  to  the  last  If,  however,  it  produces  only 
half  a  dozen  Csesars  it  wiU  be  a  godsend  to  this  rapid  century.  Let  young  foOca 
take  note  of  the  date  1874.  Another  will  occur  on  the  6th  of  Dec,  1882,  but  not 
again  till  nearly  five  quarters  of  a  century  later,  on  the  7th  of  June,  2004 ;  to  be 
followed  eight  years  after,  on  the  5Ui  day  of  June,  201 2 ;  to  be  repeated  in  Dea, 
2117,  and  so  on. 
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whom  inay  be  named  LaPlace,  Lalande,  Qtiy-Lussac,  Kunth, 
Bonpland,  Oltmans,  Oersted,  Bichat,  Delambre,  Bessel  Ber- 
zelius,  Davy,  Eobert  Brown,  Dalton,  Herschel,  DeOandoUe, 
Latreille,  Valenciennes,  Audubon,  David  d'Angier,  Arago, 
Gauss,  Ritter,  Miiller,  Leopold  von  Buch,  Varahagen  von  Ense, 
Compte,  Biot,  et  al^  names  themselves  suggesting  discoveries, 
inventions  and  unbounded  knowledge. 

Alexander  von  Humboldt  was  born  in  Berlin  on  the  14th  of 
September,  1769,  and  died  there  on  the  6th  of  May,  1869,  in  the 
ninetieth  year  of  his  age.  A  rapid  sketch  of  ms  youth  and 
early  manhood  will  serve  to  show  how  well  he  prepared  him- 
self,  single-handed,  to  accomplish  so  much ;  more  even  than 
most  of  the  learned  academies  of  which  he  was  a  member,  and 
certainly  not  less  thap  any  of  the  great  Vovages  of  Discovery, 
and  celebrated  Exploring  Expeditions  conducted  at  the  pubho 
expense.  The  course  pursued  with  him  was  so  peculiar,  and 
contrasts  so  completely  with  the  usual  course  of  training  in  the 
colleges  of  this  country,  even  in  the  scientific  departments,  that 
no  pains  have  been  spared  to  render  this  account  as  complete 
and  exact  as  possible.  Unroll  the  scrolls  of  biography  and  no 
name  will  be  found  a  brighter  example  to  stimulate,  encour- 
age and  direct  the  youthful  student  than  that  of  Humboldt 

He  was  fortunate  in  his  father.  Major  von  Humboldt,  who 
gave  him  wealth  and  position;  favored  in  his  elder  brother 
W  illiam,  who  gave  him  the  best  of  companionship,  whom  he 
and  the  world  alike  loved  and  honored  through  a  long  life ; 
and  blessed  in  his  noble  mother,  to  whose  virtues,  devotion  to 
her  boys,  energy  of  purpose,  and  common  senoe  he  owed  a 
right  start  both  m  the  political  world,  which  he  disliked,  and 
in  the  physical  world,  which  he  adored.  The  earliest  tutor  chosen 
by  the  mother  to  teach  and  play  with  the  two  boys  was  Campe 
the  educationist,  who  among  other  children's  books,  edited  m 
German,  Eobinson  Crusoe,  a  work  which  no  doubt  had  its  early 
influence  in  bending  the  youthful  twig.  When  Alexander  was 
eight  years  old  his  father  died.  The  mother  and  her  two  boys 
then  lived  at  Tegel  the  old  homestead  a  few  miles  fixjm  Berlin. 
Alexander's  constitution  was  not  very  strong.  In  the  year  1779 
the  widow  was  fortunate  enough  to  secure  for  their  companion 
and  tutor,  G.  J.  Christian  Kunth,  a  youth  of  twenty,  a  rare  and 
noble  fellow,  in  whom  the  mother  could  and  did  place  implicit 
confidence.  He  took  charge  of  the  brothers,  and  became  their 
guide,  companion  and  friend,  at  the  same  time  being  in  con- 
stant consultation  with  their  mother.  How  admirably  he 
guided  them  in  their  b<5yish  games  and  studies,  and  how  fiedth- 
rally  he  labored  for  and  with  them  in  after  life,  both  the  brothers 
bear  ample  testimony.     The  next  year,  when  Alexander  was 
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eleven,  he  heard  at  Tegel  private  lectures  on  botany  by  Heim. 
Two  years  later  Kunth  used  to  take  the  boys  to  Berlin  to  pursue 
their  studies  with  private  masters.  They  studied  together,  but 
each  was  allowed  to  follow  his  own  bent  Though  Alexander 
differed  widely  from  William  in  his  inclination  for  some  studies, 
yet  both  were  alike  ardent,  and  each  sympathized  with  the 
taste  of  the  other.  Here  Ldffler  taught  them  Greek,  and 
young  Willdenow,  a  risilig  botanist,  with  perhaps  the  best 
herbmum  in  Europe,  instructed  them  in  botany,  while  Dohn, 
Engel,  Klein  and  other  distinguished  professors  were  engaged 
by  their  ever  faithful  tutor,  to  give  them  private  lectures  in 
law,  politics,  philosophy,  mathematics,  and  the  physical  sciences. 
Kunth  too  heard  all  these  lectures,  and  a  little  boy  of  nine, 
four  years  younger  than  Alexander,  heard  some  of  them, 
Leopold  von  Buch  his  nama 

Tnus  they  passed  two  years  partly  at  the  capitol  and  partly 
at  Tegel,  always  under  the  watchnil  care  of  Kunth,  and  all 
three  under  the  eye  of  the  mother,  with  no  temporal  cares  to 
retard  theirprogress,  and  no  family  obscurity  to  embarrass  their 
position.  Two  years  later  Kunth  and  his  charge,  late  in  1785, 
took  their  first  leave  of  the  mother  for  a  time,  and  went  to  join 
the  University  at  Frankfort  on  the  Oder,  where  they  resided 
two  years  or  more,  in  the  fitmily  of  their  Greek  professor  LoflBer, 
who  had  removed  thither  from  Berlin.  At  Easter,  1788,  having 
exhausted  the  resources  of  Frankfort  and  grounded  for  a 
higher  course,  Kunth  accompanied  the  brothers  to  Gdttingen,  at 
that  time  the  most  celebrated  University  of  Germany.  Here 
Alexander  at  the  age  of  eighteen  found  ample  scope  lor  all  his 
aspirations  in  nature  and  natural  science,  and  both  orothers  had 
more  ample  opportunities  afforded  them  to  follow  out  the  diverse 
branches  of  research  to  which  each  felt  a  strong  innate  ten- 
dency. 

The  University  of  Gottingen  was  then  at  its  zenith,  with  the 
best  selected  library  of  modem  books  in  Europe.  Here  they 
met  and  cemented  lasting  friendships  with  those  world-renowned 
Professors,  Blumenbach,  Eichhom,  Gmelin,  Heeren,  Heyne  and 
George  Forster,  all  of  whom  in  after  life  the  brothers  were  never 
tired  of  naming  with  love  and  gratitude.  The  wives  of  Heeren 
and  Foster  were  the  accomplished  daughters  of  Heyne,  he  of 
the  Homer,  he  of  the  Virgil,  who  was  himself  both  Professor  of 
languages  and  librarian  of  the  University.  Into  this  learned 
femily  circle  the  brothers  were  cordially  admitted  in  the  closest 
terms  of  intimacy.  Alexander  soon  became  the  favorite  pupil 
of  the  great  naturalist  Blumenbach,  and  was  proud  to  call  him- 
self the  scholar  of  Gmelin. 

But  it  was  to  George  Forster  that  Alexander  never  ceased  to 
acknowledge  his  indeDtednes&     Forster  was  then  only  thirty- 
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four.  He  had  accompanied  Capt  Cooke  in  his  second  voyage 
round  the  world  in  1773-1775,  with  his  fiather  J.  Eeinhold  Fors- 
ter,  and  in  the  following  year  1777  gave  to  the  world  his  mar- 
velous book,  Beise  nam  der  SUdsee^  which  afterwards  made  a 
profound  impression  on  the  mind  of  young  Humboldt,  and  was 
perhaps  the  first  great  incitement  in  him  to  the  scientific  study 
of  nature.  How  rejoiced  then  must  he  have  been  to  find  at 
Gottingen,  Forster  whose  voyages  he  knew  by  heart,  and  whom 
he  delighted  long  after  to  call  *my  celebrated  teacher  and 
friend.'  *If  I  might,'  wrote  he  in  Cosmos  in  the  late  evening 
of  his  life,  *be  permitted  to  instance  my  own  experience,  ana 
recal  to  mind  the  source  from  whence  sprang  my  early  and 
fixed  desire  to  visit  the  land  of  the  tropics,  I  snould  name 
George  Forster's  Delineations  of  the  South  Sea  Islands,^  etc. 

The  same  year,  1788,  and  while  enjoying  the  society  of  Fors- 
ter, there  appeared  another  little  book  which  seems  to  have  still 
farther  aroused  his  love  of  nature  and  strengthened  his  resolu- 
tion, already  formed,  for  great  voyages.  This  was  Bernardin 
de  St  Pierre's  master  work,  Paul  and  Virginia^  a  copy  of 
which  he  says  in  Cosmos  *  accompanied  me  to  tiie  climes  whence 
it  took  its  origin.  For  many  years  it  was  the  constant  compan- 
ion of  myself  and  my  valued  friend  and  fellow  traveler  6on- 
pland,  and  oft«n  in  the  calm  brilliancy  of  a  southern  sky,  or  when 
m  the  rainy  season  tiie  thunder  re-echoed,  and  the  lightning 
gleamed  tlirough  the  forests  that  skirt  the  shores  of  the  Orinoco, 
we  felt  ourselves  penetrated  by  the  marvelous  truth  with  which 
tropical  nature  is  described,  with  all  its  peculiarity  of  character, 
in  this  little  book.' 

After  a  residence  of  nearly  two  years  at  Gottingen,  studying 
languages,  botany,  zoology,  geography,  chemistry,  mathematics, 
geology,  mineralogy,  etc.,  in  tne  spring  of  1790,  Humboldt 
joined  his  friend  Forster  at  Mayence,  whither  he  had  removed, 
and  they  two  set  out  on  a  private  scientific  Exploring  Expedi- 
tion down  the  Ehina  At  that  time  the  great  question  that  de- 
vided  geologists,  had  reference  to  the  Plutonian  and  Neptunian 
origin  of  rocks.  The  Basalt  of  that  noble  river  was  before 
him,  and  accoutred  as  he  was  he  plunged  into  the  controversy 
with  mind  impartial  and  fresh  from  the  university.  The  result 
of  his  investigations  appeared  the  same  year  in  his  first  book, 
at  the  age  of  twenty,  entitled,  Mineralogische  Beobachtungen  uber 
etntge  Bxsalte  am  Bhein.  Braunschweig,  1790, 12®.  It  is  a  very 
neat  little  volume  arrranged  with  taste  and  judgment,  and  in  a 
scientific  point  of  view  is  said  to  be  creditable  to  a  much  older 
head.  The  book  was  published  anonymously  and  is  now  but 
little  known,  being  very  scarce.  The  copy  described  in  the 
Catalogue  (No.  4568),  and  now  belonging  to  General  Fremont, 
possesses  peculiar  interest     It  bears  t£e  author's  autograph  sig- 
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• 

nature,  at  the  end  of  the  dedication,  and  was  presented  to  Pro- 
fessor Gmelin  in  1790,  with  an  affectionate  inscription  *by  his 
scholar,  A.  von  Humboldt*  More  than  sixty  years  after,  on  his 
eighty-fifth  birth-day,  this  precious  Uttle  volume  was  re-presen- 
ted by  Theodor  Wagener  to  the  great  philosopher,  who  on  the 
14th  of  Sept,  1854,  inscribed  in  it  a  graceftd  memento  of  his 
youth  and  of  his  old  aga 

From  the  Ehine  the  travelers  passed  through  Holland  and 
Belgium,  and  thence  to  England,  where  Forster  introduced 
Humboldt  to  the  President  of  the  Eoyal  Society,  Sir  Joseph 
Banks,  his  fellow  voyager  fifteen  years  before  with  Capt  Cookc 
round  the  world.  He  was  warmly  received  by  many  of  the 
scientific  men  of  London.  At  the  house  of  WsCrren  Hastings 
he  was  shown  some  pictures  by  Hodge  representing  the  shores 
of  the  Ganges,  whicn  made  a  lasting  mipression  upon  his  vouth- 
ful  mind,  and  still  further  increased  his  longing  for  travel  On 
returning  to  Grermany  he  published  his  booK,  and  then  the  first 
great  q^aestion  of  his  life  was  asked  by  his  mother.  What  next  ? 
There  is  some  pretty  strong  evidence  that  she  desired  him  to 
take  to  political  hie  and  become  a  diplomatist  or  statesman. 
At  all  events  it  was  determined  that  he  should  enter  upon  some 
public  employment,  and  the  better  to  qualify  him  for  this,  he 
went  to  HamDurgh,  and  in  the  winter  of  1790-1791  attended 
the  celebrated  Commercial  Academy  of  Ebeling,  studying  busi- 
ness, accoimts,  trade,  banking,  and  commerce,  as  much  as  his 
ardent  love  of  the  physical  sciences  would  permit  But  even 
here,  of  all  places  m  me  world,  he  was  unexpectedly  encouraged 
in  his  ruling  passion.  Ebeling  became  his  fiiend  and  opened 
to  him  the  treasures  of  his  own  private  library,  at  that  time  one 
of  the  largest  collections  of  voyages  and  travels  with  maps 
and  geographical  works  relating  to  America,  then  in  Europe. 
Ebelmg  was  about  to  go  to  press  with  the  first  volume  of  his 
great  work  on  America  and  hence  his  mind  was  full  of  the  sub- 
ject That  rich  collection  was  afterward  purchased  by  Mr. 
Thomdike  of  Boston,  and  presented  to  the  library  of  Harvard 
CSollege,  of  which  to  this  day  it  forms  a  prominent  featura 

After  a  struggle  of  a  few  months  between  business  and  sci- 
ence, Humboldrs  inordinate  love  of  the  latter  finally  triumphed, 
and  in  1791  he  turned  his  back  on  Ebeling  his  finend,  and  com- 
merce his  foe,  and  soon  after  found  himself  in  Werner's  house 
in  Freiberg,  with  that  dear  boy  for  his  chum  whom  he  had  met 
at  lectures  eight  years  before  in  Berlin,  Leopold  von  Buch,  then 
a  youth  of  seventeen.  Werner,  at  that  time  the  greatest  geolo- 
gist of  the  age,  was  Director  of  the  School  of  Mines  at  Frei- 
berg. From  sight  these  two  young  men  became  fi-iends  for 
life.  More  than  three  score  years  later,  wrote  Humboldt,  *That 
I  should  be  destined — ^I,  an  old  man  of  eighty-three — ^to  an- 
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nounce  to  you,  dear  Sir  Roderick,  the  saddest  news  that  I  could 
have  to  convey  :'...*  Leopold  von  Buch  w;  s  taken  from  us  this 
morning*  ....  'without  him  I  am  desolate.'  .  .  .  *  His  mind 
left  a  track  of  light  wherever  it  passed.*  .  .  .  *We  were  to- 
gether in  Italy,  in  Switzerland,  in  France, — ^four  months  in 
Saltzburg.'  '  At  Freiberg  Humboldt  devoted  himself  with  hum- 
boldtian  energy  to  the  study  of  mining  and  metallurgy.  His 
mind  was  ever  open  and  ready  for  impressions,  which  it  received 
as  surely  as  wax,  and  as  speedily  as  photography.  No  bee 
could  exhaust  the  wild  flowers  of  the  woods  quieter  than  he 
could  extract  from  his  masters  all  they  had  to  impart  Scarce- 
ly a  year  then  sufficed  to  accomplish  his  aim  at  W  emer's,  whom 
he  left  in  Maixjh,  1792,  and  returned  to  his  mother  at  TegeL 

Humboldt  had  now  arrived  at  the  end  of  his  pupilage ;  and 
such  a  pupilage  I  unparalled  in  biography.  Who  before  him 
was  ever  so  favored  by  fortune,  so  mentaUv  rifted,  so  lovingly 
ledy  and  so  intellectually  prepared,  for  the  brilliant  career  upon 
which  he  was  about  to  enter?  Yet  he  took  no  royal  roaa  to 
his  acquisitions,  but  that  hard  paved  one  open  to  all,  with  work, 
self  reliance,  energy  and  love  of  nature  lor  mile  stones.  At 
this  early  age  we  find  him  in  scholarship  ripe  beyond  his  years, 
a  linguist,  an  archaeologist,  a  botanist,  a  geographer,  a  geolo- 

S'st,  a  mineralogist,  a  metallurgist,  a  chemist,  and  an  author, 
is  travels  for  tne  period  had  been  considerable,  and  few  had 
so  many  learned  friends.  What  a  contrast  to  the  youthful 
struggles  of  the  immortal  Franklin,  and  jet  these  two  are  per- 
haps the  brightest  examples  for  youth  m  record.  Thus  pre- 
pared Humboldt  was  launched  into  the  wide  world  at  the  age 
of  twenty-two,  burning  with  an  irresistible  desire,  as  he  repeat- 
edly tells  us  in  after  life,  to  travel  in  distant  lands  unexplored 
by  Europeans. 

The  next  five  years,  from  1792  to  1797,  the  yoimg  aspirant  is 
tracked  with  some  difficulty  through  a  combination  of  circum- 
stances well  calculated  to  elevate,  strengthen  and  mature  him 
for  the  execution  of  some  grand  project  Bom  and  educated 
in  central  Germany,  remote  fix)m  salt  water,  with  a  love  of  na- 
ture ingrain  and  strengthening  with  his  knowledge,  he  longed 
for  the  sea,  as  he  tells  us,  and  the  tropics,  and  had  already  re- 
solved, as  soon  as  the  opportunity  presented  itself,  to  go  round 
the  world,  and  gratify  his  enthusiasm  for  the  savage  beauties  of 
tropical  countries  guarded  by  mountains  and  volcanoes,  shaded 
by  primeval  forests  and  watered  by  vast  unexplored  rivers ;  and 
going  or  coming,  explore  that  New  World  where  man  and  his 
handiworks  of  ancient  and  modem  civilization  had  not  inter- 
vened to  dwarf  the  stupendous  display  of  gigantic  natura  All 
his  studies  now  tended  to  qualify  him  for  a  scientific  traveler. 
As  his  journey  was  to  be  the  circle  of  the  globe,  so  his  study 
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was  the  circle  of  the  sciences.  He  worked  hard  and  observed 
closely ;  and,  what  in  a  young  observer  of  nature  is  of  the  high- 
est importance,  he  reduced  to  order  his  observations  and  wrote 
them  out  During  his  short  year  with  Werner,  the  parent  of 
the  Neptunian  theory,  he  found  time  to  collect  and  describe  the 
crypto^amous  plants  he  found  growing  far  down  in  the  mines 
01  Freibei^.  He  made  drawings  of  them,  wrote  out  their  nat- 
ural history  in  good  Latin,  and  sent  his  manuscript  to  Gottin- 
gen  to  his  old  friend  and  teacher,  Blumenbach,  wno  soon  after 
returned  it,  edited  with  his  own  notes,  and  backed  with  the  seal 
of  his  approbation.  The  work,*  a  handsome  quarto  volume, 
saw  the  hght  the  next  year,  at  Berlin,  it  being  his  second  book, 
at  the  age  of  twentjr-three.  The  second  part  of  it.  Aphorisms 
on  the  diemtcal  physiology  of  vegetables^  he  found  of  great  use  to 
him  in  his  observations  in  America. 

This  same  year  he  accepted  an  official  position  under  govern- 
ment in  order  that  he  might  have  influence  and  opportunities 
the  better  to  pursue  his  investigations.  He  became  the  Super- 
intendent of  Mines  in  Franconia,  and  during  the  short  two 
years  he  held  that  position,  is  said  to  have  remodeled  the  sys- 
tems of  development  and  management  He  inspected  every 
department  himself,  near  and  remote,  and  became  both  an  ex- 
ecutive officer  and  a  business  man ;  while  at  the  same  time  he 
was  a  student,  an  observer,  an  explorer  and  an  author.  His 
mental  activity  was  perfectly  marvelous,  and  his  scientific  and 
literary  labors  prodigious.  He  made  experiments  and  contrib- 
uted many  articles  both  in  his  own  and  m  the  French  language, 
to  the  chief  scientific  journals  of  Germany  and  Franca  Hum- 
boldt thus  early  achieved  a  reputation  throughout  Europe  as  a 
rising  naturalist  In  1795  he  resigned  this  official  position, 
which,  although  favorable  to  the  cultivation  of  his  favorite  pur- 
suits, still  did  not  fill  his  active  mind,  now  more  and  more 
thirsting  for  explorations  in  the  equatorial  regions.  This  pas- 
sion led  him  to  devour  and  analyze  the  relations  of  voyages 
and  travels  to  India,  America,  Africa  and  the  Islands,  but 
generally  to  r^ret  the  want  of  variety  of  knowledge  in  insu- 
kted  branches  of  natural  history.  The  great  Expeditions  of 
Fleurieu  in  1768-69,  of  Bougainville  in  176ft-69,  of  Cooke  1768- 
1780  were  familiar  to  him  as  household  words,  as  were  also  af- 
terward those  of  Vancouver,  La  P^rouse  and  d'Entrecasteaux; 
but  all  these,  though  they  gave  ample  accounts  of  the  oceans, 
their  islands  and  their  coasts,  yet  left  him  unsatisfied  as  to  the 
vast  interiors  of  coimtries  and  continents.     They  developed 

*  Florjs  Fribebgensis  Specimen  Plantas  dyptogamicas  prsssertim  subterrane- 
wm  exhibens.  Aooedimt  Aphorismi  ex  Doctrina  Ph3rsiologi8B  chemicsB  Plantarum. 
\Y  Plates,  4^,  BeroUni,  1793.  The  Aphoriams  the  next  year,  1794,  were  translated 
into  German  bj  G.  Fischer,  with  additions  hj  J.  Hedwig,  and  a  Preface  hy  G.  !P. 
Lndwig,  and  published  at  Liepzig  in  8yo. 
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marine  geography  and  nautical  astronomy,  but  left  comparative- 
ly untouched,  physical  geography,  botany,  zoology,  the  relations 
of  the  vegetable  world,  the  migrations  of  the  social  plants,  and 
the  geological  structure  of  mountains  and  volcanoes.  All  these 
he  found  set  forth  .more  to  his  liking  in  M.  de  Saussure's  scien- 
tific explorations  of  the  Alps  and  Vesuvius,  which  interested 
him  profoundly  and  caused  nim  to  study  carefully  both  the  re- 
sults and  the  use  of  the  instruments  by  which  they  were  at- 
tained. 

In  this  same  year,  1795,  freed  from  official  care,  Humboldt 
traveled  much  through  Germany  and  visited  Vienna,  where  he 
renewed  his  studies  in  botany  and  physical  geography,  studied 
and  traveled  with  Freiesleben  the  celebrated  geognost,  and  with 
von  Haften  visited  northern  Italy,  but  was  for  political  reasons 
deterred  from  going  to  the  volcanic  regions  of  Naples  and  Si- 
cily. At  Vienna  he  became  acquainted  with  the  recent  discov- 
eries of  Galvani  which  interested  him  deeply,  and  henceforth 
galvanism  became  one  of  his  special  studies,  if  indeed  a  mind 
of  such  general  grasp  can  attena  on  specialties.  Many  months 
of  most  useful  preparatory  study  he  passed  there  examining  the 
exotic  plants,  and  enjoying  the  friendship,  of  M.  de  Jacquier 
and  of  M.  Vander  Schott  Already  familiar  with  the  experi- 
ments of  Franklin  and  others  in  electricity,  he  began  there  his 
femous  experiments  in  chemistry,  galvanism,  electricity  and  other 
matters  pertaining  to  organic  life,  which  in  importance  and  orig- 
inality rivalled  the  celebrated  but  subsequent  investigations  of 
Bichat 

About  this  timcj  at  the  instigation  of  Baron  von  Zach,  he  found 
time  to  acquire  a  practical  knowledge  of  astronomy,  surveying, 
geometry  and  mathematics,  all  so  essential  to  travelers,  and  be- 
came familiar  with  the  use  of  the  various  scientific  instruments 
for  ascertaining  latitudes  and  longitudes,  heights  and  distances, 
etc.  Next,  in  the  winter  of  1796-97,  we  find  him  at  Jena 
studying  anatomy  and  physiology  under  Loder.  Here  he  con- 
tinued his  investigations  into  animal  life  in  connection  with 
chemistry,  galvanism  and  electricity,  and  especially  experi- 
mented on  the  irritability  of  the  muscular  fibre,  the  vital  force 
in  animals  and  plants,  and  almost  hoped  that  he  had  found  the 
clue  to  the  phenomena  of  life.  In  close  connection  with  these 
studies  he  fcund  it  necessary  to  obtain  a  practical  knowledge  of 
zoology,  ichthyology  and  ornithology.  AH  these  investigations 
and  experiments,  containing  the  germs  of  a  new  science,  which, 
especially  in  America,  is  to-day  exerting  itself  with  vigor,  were 
embodied  in  his  third  book*  published  m  Posen  in  1797,  in  two 
volumes  in  octavo. 

♦  Versuche  fiber  die  gerelzten  Muskel-  und  Nenrenfasem  oder  GWvamBmus,  oebst 
Vermuthimgen  tiberden  chemischen  Process  des  LebeDS  in  derTbier-  uad  Pflanzen- 
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Humboldt  now  began  to  think  seriously  of  leaving  Europe 
for  a  long  journey,  but  regretted  to  do  so  without  first  having 
seen  Vesuvius,  Stromboli  and  Etna,  to  enable  him  by  compari- 
son to  form  a  *  proper  judgment  of  a  great  number  of  geologi- 
cal phenomena ;  especially  of  the  nature  of  the  rocks  of  trap 
formation,  it  became  necessary  to  have  examined  strictly  the 
phenomena  offered  by  burning  volcanoes.'  At  Jena  he  re- 
vived his  friendship  with  Goethe  and  Schiller,  the  one  twenty, 
the  other  ten,  years  his  senior,  both  of  whom  he  terrified  by  his 
tremendous  energy,  and  inspired  with  his  own  love  of  nature. 
'My  natural  historic  studies  have  been  roused  from  their  win- 
ter sleep  by  his  presence '  wrote  Goethe  to  Schiller ;  and  wrote 
Schiller  to  Goetne  *  Although  the  whole  family  of  Humboldt 
lie  ill  of  the  ^ue  they  speak  only  of  great  joumiea*  He  there- 
fore determined  to  return  to  Italy  and  with  his  fiiend  Leopold 
von  Buch  set  out  in  November,  1797.  They  spent  some  time 
in  Vienna,  four  months  in  the  several  cantons  of  Salzburg  and 
Styria,  pursuing  to  great  advantage  their  geological  investiga- 
tions ;  but  as  they  were  about  to  pass  the  Tyrolian  Alps  tne 
wars  of  Italy  compelled  them  to  tuxD  back,  and,  to  Hum  ooldt's 
great  regret,  to  abandon  the  volcanoes.  They  then  proceeded 
through  France  home  to  Berlin.* 

The  time  had  now  arrived  for  immediate  preparation  for  his 
great  voyaga  But  whither  go  ?  *  He  was  undecided,  the  im- 
pediments of  wars  and  politics  being  so  great  it  was  impossible 
to  determina  However,  having  buried  his  mother,  and  settled 
his  worldlv  affairs  for  a  long  absence,  he  set  out  for  Paris  in  1798. 
His  fame  nad  already  preceded  him,  and  he  soon  made  the  ac- 

auaintance  of  many  savans,  and  set  about  earnestly  to  collect 
ae  instruments  ana  all  things  necessary  for  a  long  scientific 
exploring  expedition.  The  very  list  of  this  apparatus  filling 
pages  in  nis  Personal  Narrative  is  enough  to  overpower  the  mina 
of  an  unscientific  traveller.  There  were  chronometers,  tele- 
scopes, (achromatic  and  simple),  lunettes,  sextants,  reflecting 
and  repeating  circles,  theodolites,  artificial  horizons,  quadrants, 
compasses,  graphometers,  dipping  and  other  needles,  magnetome- 
ters, pendulums,  barometers,  thermometers,  hygrometers,  electro- 
meters, cyanometers,  eudiometers,  phosphoric  eudiometers,  boil- 
ing water  meters,  thermometrical  leads,  areometers,  compound 
microscopes,  meters,  gauges,  chains,  tubes,  vases,  evaporators. 
Ley  den  vials,  galvanic  apparatus,  etc.,  not  one  of  each  only,  but 

welt  mit  Blumenbachfl  Anmerkungen  2  vols.,  viii  Plates.  8°  Posen.  1797-1799. 
This  work  was  immediately  translated  into  French  with  the  following  title :  Exp^- 
rienoes  sur  le  Galvanisme  et  en  g^n^ral  aur  rirritation  des  fibres  musculaires  e  t 
neireuses:  trad,  de  Pallem.  [par  Crravel]  avec  des  additions  par  J.  R  N.  Jadelot , 
medicin.     8«  Paris,  1799. 

*  About  this  time  he  must  have  prepared  his  fourth  and  fifth  books,  which  were 
printed  at  Braunschweig  in  octavo  in  1799,  the  one  iiber  die  chemiache  ZerUgung  des 
Lvftkreiees  und  iiber  einige  andere  Gegenstdnde  der  Naiurlehrej  and  the  other  uber 
die  wUerirduehen  Oaeerten  und  die  MiUel  ihren  NadUheil  su  vermindem. 
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in  many  instances  duplicates  and  even  triplicatea  Most  of  the 
instruments  he  had  already  tested  in  kind  in  his  various  travels 
and  explorations  the  past  two  years,  and  had  therefore  confi- 
dence in  his  own  judgment  in  selecting  them. 

The  first  opportunity  that  presented  itself  he  accepted,  though 
not  much  to  his  taste.  Lord  Bristol  asked  him  to  accompany 
him  to  Upper  Egypt  on  an  archaeolo^cal  exploring  expedition 
of  eight  months.  He  accepted  this  proposal  and  for  some 
time  directed  his  studies  in  conformity  with  this  new  project ; 
and  though  it  was  abandoned  in  consequence  of  the  temporary 
insecurity  to  travelers,  he  found  that  the  archaeological  informa- 
tion then  acquired  proved  in  Mexico  to  be  of  no  inconsiderable 
service  to  him.  Meanwhile  he  had  made  the  acouaintance  in 
Paris  of  two  young  naturalists,  Aimfe  Bonpland  of  La  Eochelle, 
and  Michaux  of  Versailles,  who  had  been  appointed  to  the  pro- 
posed Exploring  Expedition  to  be  commanaed  by  Captain  Bau- 
oin,  round  the  world  oy  Cape  Horn,  skirting  South  America  fix)m 
the  La  Plata  to  Quito  and  Panama,  and  thence  across  the  Pacific 
to  New  Holland,  Van  Diemen's  Land,  Madagascar  (the  scenes  of 
his  friends  Paul  and  Virginia),  and  so  home  by  the  Cape  of  Good 
Hopa  Though  Humboldt  had  little  confidence  in  Capt  Bau- 
din,  he  obtained  permission  to  embark  with  all  his  instruments, 
reserving  to  himself,  however,  the  liberty  to  leave  the  expedition 
whenever  he  thought  proper.  For  several  months  he  worked 
with  an  eye  single  to  this  great  enterprise,  with  his  whole  heart 
and  soul  in  it,  when,  on  a  sudden,  news  came  that  war  had  bro- 
ken out  in  Germany  and  Italv,  and  Napolean  had  determined 
to  postpone  the  expedition  indefinitely.  The  disappointment  was 
cruel,  but  the  knowledge  he  had  gained  was  not  dissipated.  His 
determination  now  was  to  quit  Europe  at  once,  by  engaging  in 
any  enterprise  that  might  tend  to  console  him. 

He  had  made  the  acquaintance  of  a  Swedish  Consul,  appoint- 
ed by  his  government  to  carry  presents  to  the  Dey  of  Algiers, 
Eassing  through  Paris,  who  offered  to  give  to  Humboldt,  if 
e  would  accompany  him,  the  advantage  of  his  long  acquain- 
tance in  that  part  of  Africa,  to  fecilitate  him  in  visiting  the 
Atlas  Mountains  of  Morocco.  No  mineralogist  had  yet  exam- 
ined this  lofty  chain  of  mountains  which  rose  to  the  limit  of 
perpetual  snow.  He  jumped  at  this  proposal,  and  his  friend 
Bonpland  jumped  with  him.  The  Sw^isn  frigate  was  to  reach 
Marseilles  towards  the  end  of  October,  1798,  and  therefore  all 
three  hastened  thither.  Two  long  months  they  waited  there, 
and  no  frigate  came,  but  finally  news  reached  them  that  she  had 
met  with  accidents  and  could  not  be  expected  at  Marseilles 
till  spring.  Disappointed  again,  almost  disheartened,  but  not 
discouraged,  they  resolved  to  spend  the  winter  in  Spain,  and  in 
the  spring  if  possible  embark  at  Carthaeena  or  Cadiz  for  the 
East     Their  instruments  they  took  with  them,  leaving  only 
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the  duplicates  at  Marseilles  to  follow.  Their  object  was  still 
to  work  to  the  East,  to  India  if  possible.  They  crossed  Catalo- 
nia, Valencia  and  Old  Castile  to  Madrid,  making  on  their  way 
many  astronomical  and  geographical  observations,  and  ascer- 
tained the  inclination  of  the  needle  and  the  intensity  of  the 
magnetic  forces,  the  results  of  which  were  never  publisneA 

Immediately  on  their  arrival  in  Madrid  they  nad  reason  to 
rejoice  at  the  wind  that  wafted  them  to  Spain.  Baron  de  Forell 
the  Saxon  minister,  himself  a  mineralogist,  at  once  interested  him- 
self in  their  behalf,  thought  they  might  obtain  through  the  en- 
lightened minister  Urquijo,  permission  to  visit  the  mterior  of 
Spanish  America.  Tne  friends  hesitated  not  a  moment  to  adopt 
this  suggestion.  In  March,  1799,  Huniboldt  was  presented  at 
Court,  and  himself  presented  to  the  Kling  a  memoir  on  the  mo- 
tives which  led  him  to  undertake  a  voyage  to  the  new  continent 
and  the  Phillippine  Islanda  The  result  was  without  delay  two 
passports  for  himself  and  Bonpland,  one  from  the  Secretary  of 
State,  and  the  other  from  the  Council  of  the  Indiea  That  he 
might  not  be  obstructed  by  narrow-minded  viceroys,  priests  or 
remote  officials  of  church  or  state,  he  had  it  set  down  plainly  in 
the  bond  that  he  was  authorized  to  make  free  use  of  his  instru- 
ments of  all  kinds,  might  make  astronomical  observations,  mea- 
sure heights  and  weigh  mountains,  examine  the  soil,  explore  riv- 
ers, inspect  mines,  and  in  short  execute  all  operations  deemed 
useftil  lor  the  progress  of  the  sciences,  throughout  the  whole  of 
the  Spanish  dominions.  No  passport  from  the  Spanish  govern- 
ment, before  or  probably  since,  was  "ever  so  liberal  Thus  after 
many  disappointments,  and  changes  of  plans,  consequent  upon 
the  wars  and  the  generally  unsettled  state  of  the  political  world, 
Humboldt  had  great  reason  to  congratulate  himself,  as  indeed  the 
wh<.»le  world  with  all  the  sciences  at  this  dav  has  to  congratulate 
itself,  that  he  at  last  drifted  into  Spain,  all  the  tougher,  the  wiser 
and  the  better  for  his  many  disappointments.  The  travelers  pro- 
ceeded inmiediately  to  Corufia,  secured  a  passage  in  the  Sloop 
Pizarro,  a  companion  of  the  monthly  packet  boat,  and  in  June, 
1799,  embarked  their  instruments  and  impedimenta.  But  the 
port  of  Corufia  was  at  that  time  blockaded  by  an  English  squad- 
ron. However,  under  the  protection  of  a  fiiendly  storm  which 
obliged  the  English  to  stand  out  to  sea,  and  the  cover  of  a  dark 
night,  the  Pizarro  ran  the  blockade,  and  on  the  sixteenth  of  July, 
landed  at  Cumana  in  Venezuela,  within  sight  of  that  beautiful  Pa- 
ria  which  Columbus  discovered  in  April,  1498,  and  believed  to 
be  Paradise,  whence  our  first  parents  were  expelled.  Thus  three 
hundred  years  after  Columbus,  an  Italian,  had  sailed  from  a  port 
in  Old  Spain  to  discover  a  new  world,  Humboldt,  a  German,  and 
his  friend  Bonpland,  a  Frenchman,  availed  themselves  of  the 
same  alien  courtesy  to  go  and  discover  what  it  contained. 
[To  be  eontinued.] 
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Art.  I*. — Livingstone^s  African  Meliorations*  Despatch  from 
Dr.  Livingstone  to  the  Earl  of  Clarendon^  dated  *  near  Lake 
Bangweolo,  South  Central  Africa,  July  8th,  1868.' 

My  Lord — When  I  had  the  honor  of  writingr  to  you  in  Febroaiy,  1867, 1 
had  the  impression  that  I  was  then  on  the  watershed  between  the  Zambesi  and 
either  the  Congo  or  the  Nile.  More  extended  observation  has  since  convinced 
me  of  the  essential  correctness  of  that  impression ;  and  from  what  I  have  seen, 
together  with  what  I  have  learned  from  inte]li|rent  natives,  I  think  that  I  may 
safely  assert  that  the  chief  sources  of  the  Nile,  arise  between  10°  and  IS^ 
south  latitude,  or  nearly  in  the  position  assigned  to  them  by  Ptolemy,  whose 
River  Rhaptus  is  probaoly  the  Rovuma.  Aware  that  others  have  been  mistaken, 
and  laying  no  claim  to  infallibility,  I  do  not  yet  speak  very  positively,  partic- 
ularly of  the  parts  west  and  northwest  of  Tanganyika,  because  these  have 
not  yet  come  under  my  observation ;  but  if  your  liordship  will  read  the  fol- 
lowing short  sketch  of  my  discoveries,  you  will  perceive  that  the  springs  of 
the  Nile  have  hitherto  been  searched  for  very  much  too  far  to  tne  north. 
They  rise  some  400  miles  south  of  the  most  southerly  portion  of  the  Victoria 
Nyanza,  and,  indeed,  south  of  all  tlie  lakes  except  Bangweolo. 

Leaving  the  valley  of  the  Loangwa,  which  enters  the  Zambesi  at  Zumbo, 
we  climbed  up  what  seemed  to  be  a  great  mountain  mass,  but  it  turned  out  to 
be  only  the  southern  edffe  of  an  elevated  region,  which  is  from  3000  to  6000 
feet  above  the  level  of  Uie  sea.  This  upland  may  roughly  be  said  to  cover  a 
space  south  of  Lake  Tanganyika,  of  some  350  miles  square.  It  is  generally 
covered  with  dense  or  open  forest,  has  an  undulating,  sometimes  hilly,  surface ; 
a  rich  soil ;  is  well  watered  by  numerous  rivulets,  and,  for  Africa,  is  cold.  It 
slopes  toward  the  north  and  west,  but  I  have  found  no  part  of  it  under  3000 
feet  of  altitude.  The  country  of  Usango,  situated  east  of  the  space  indicated, 
is  also  an  upland,  and  affords  pasturage  to  the  immense  herds  of  cattle  of  the 
Basango,  a  remarkably  light  colored  race,  very  friendly  to  strangers.  Usango 
forms  the  eastern  side  of  a  great  but  still  elevated  valley.  The  other  or  west- 
ern side  is  formed  by  what  are  called  the  Kone  Mountains,  beyond  the  copper 
mines  of  Katanga.  Still  further  west,  and  beyond  the  Kone  range  or  plateau, 
our  old  acquaintance  the  Zambesi,  under  the  name  of  Jambaji,  is  said  to  rise. 
The  southern  end  of  the  great  valley  inclosed  between  Usango  and  the  Kone 
range  is  between  1 P  and  12°  south.  It  was  rarely  possible  there  to  see  a  star, 
but  accidentally  awaking  one  morning  between  2  and  3  o'clock,  I  found  one 
which  showed  latitude  11°  56^  south,  and  we  were  then  fairly  on  the  upland. 
Next  day  we  passed  two  rivulets  running  north.  As  we  advanced,  brooks, 
evidently  perennial,  became  numerous.  Some  went  eastward  to  fall  into  the 
Loangwa ;  others  went  northwest  to  join  the  River  Chambeze.  Misled  by  a 
map  calling  this  river  in  an  off-hand  manner  *  Zambezi,  eastern  branch,'  I 
took  it  to  be  the  southern  river  of  that  name ;  but  the  Chambeze,  with  all  its 
branches,  flows  from  the  eastern  side  into  the  center  of  the  ^at  upland  val- 
ley mentioned,  which  is  probably  the  valley  of  the  Nile.  It  is  an  interesting 
river,  as  helping  to  form  three  lakes,  and  changing  its  name  three  times  in  the 
500  or  600  miles  of  its  course.  It  was  first  crossed  by  the  Portuguese,  who 
always  inquired  for  ivory  and  slaves,  and  heard  of  nothing  else.  A  person 
who  collected  all,  even  the  hearsay  geography  of  the  Portuguese,  knew  so 
little  actually  of  the  country  that  he  put  a  large  river  here  running  3000  feet 
up-hill,  and  called  it  New  Zambesi. 

I  crossed  the  Chambeze  in  10°  34'  south,  and  several  of  its  confluents  south 
and  north,  quite  as  large  as  the  Isis  at  Oxford,  but  running  faster,  and  having 
hippopotami  in  them.     I  mention  these  animals  because  in  navigating  the 

ambezi  I  could  always  steer  the  steamer  boldly  to  where  they  lay,  sure  of 

*  From  the  Minutes  of  the  Royal  Qeographical  Soa,  for  the  Meeting  of  Nov.  8th 
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finding  not  less  than  8  feet  of  water.  The  Chamheze  runs  into  Lake  Bang- 
weolo,  and  on  coming  out  of  it  assumes  the  name  Luapula.  The  Luapula 
flows  down  north  past  the  town  of  Cazembe,  and  12  miles  below  it  enters 
Lake  Moero.  On  leaving  Moero  at  its  northern  end  by  a  rent  in  the  moun- 
tains of  Rua,  it  takes  the  name  Lualaba,  and  passing  on  N.rr.w.,  forms  Ulenge 
in  the  country  west  of  Tanganyika.  I  have  seen  it  only  where  it  leaves 
Moero,  and  where  it  comes  out  of  the  crack  in  the  mountains  of  Rua,  but  am 
quite  satisfied  that  even  before  it  receives  the  river  Sofiinso  from  Marungu, 
and  the  Sobnri  from  the  Baloba  country,  it  is  quite  sufficient  to  form  Ulenge, 
whether  that  is  a  lake  with  many  islands,  as  some  assert,  or  a  sort  of  Punjaub 
— a  division  into  several  branches,  as  is  maintained  by  others.  These  branches 
are  all  g»thered  up  by  the  Lufira — a  large  river,  which  by  many  confluents 
drains  £e  western  side  of  the  great  valley.  I  have  not  seen  the  Lufira,  but 
pointed  out  west  of  1 1**  south,  it  is  there  asserted  always  to  require  canoes. 
This  is  purely  native  information.  Some  intelligent  men  assert  that  when  the 
Lufira  takes  up  the  water  of  Ulenge,  it  flows  n.n.w.,  into  Lake  Chowambe, 
which  I  conjecture  to  be  that  discovered  b^  Mr.  Baker.  Others  think  tliat  it 
goes  into  Lake  Tanganyika  at  Uvira,  and  still  passes  northward  into  Chowambe 
by  a  river  named  Loanda.  These  are  the  parts  regarding  which  J  suspend 
my  judgment  If  I  am  in  error  there  and  live  through  it,  I  shall  correct  my- 
self. My  opinion  at  present  is  if  the  large  amount  of  water  I  have  seen  going 
north  does  not  flow  past  Tanganyika  on  the  west,  it  must  have  an  exit  from 
the  Lake,  and  in  all  likelihood  bv  the  Loanda.     * 

Looking  back  again  to  the  upland,  it  is  well  divided  into  districts,  Lobisa, 
Lobemba,  Ubengu,  Itawa,  Lopere,  Kabuire,  Marungn,  Lunda  or  Londa,  and 
Rua  ;  the  people  are  known  by  the  initial  *  Ba*  instead  of  the  initial  *  Lo*  or 
*  U '  for  country.  TTie  Arabs  soflen  •  Ba'  into  •  Wa,  in  accordance  with  their 
Suaheli  dialect ;  the  natives  never  do.  On  the  northern  slope  of  the  upland, 
and  on  the  2d  of  April,  1867, 1  discovered  Lake  Liemba ;  it  lies  in  a  hollow, 
with  precipitous  sides  2000  feet  down ;  it  is  extremely  beautiful,  sides,  top, 
and  bottom  being  covered  with  trees  and  other  vegetation.  Elephants,  bufia- 
loes,  and  antelopes  feed  on  the  steep  slopes,  while  hippopotami,  crocodiles, 
and  fish  swarm  in  the  waters.  Guns  being  unknown,  tiie  elephants,  unless 
sometimes  deceived  into  a  pitfall,  have  it  all  their  own  way.  It  is  as  perfect 
a  natural  paradise  as  Xenophon  could  have  desired.  On  two  rocky  islands 
men  till  the  land,  rear  goats,  and  catch  fish ;  the  villaores  ashore  are  embowered 
ID  the  palm-oil  palms  of  the  West  Coast  of  Africa.  Four  considerable  streams 
flow  into  Liemba,  and  a  number  of  brooks  (Scattici^  "trout  6t*nu»"),  from  12  to 
15  feet  broad,  leap  down  the  steep  bright  red  clay  schist  rocks,  and  form  splen- 
did cascades,  that  made  the  dullest  of  my  attendants  pause  and  remark  with 
wonder.  I  measured  one  of  the  streams,  the  Lofu,  50  miles  from  its  confluence, 
and  found  it  at  a  ford  294  feet,  say  a  100  vards  broad,  thigh  and  waist  deep 
and  flowing  fast  over  hardened  sandstone  flag  in  September-^the  last  rain  had 
fidlen  on  the  12th  of  May.  EHsewhere  the  L^fii  requires  canoes.  The  Louzua 
drives  a  large  body  of  smooth  water  into  Liemba,  bearing  on  its  surface  duck- 
weed and  grassy  islands ;  this  body  of  water  was  10  fathoms  deep.  Another 
of  the  four  streams  is  said  to  be  larger  than  the  Lofli,  but  an  over-officious 
headman  prevented  my  seeing  more  of  it  and  another  than  their  mouths.  The 
lake  is  not  lar^,  from  18  to  20  miles  broad,  and  firom  35  to  40  long ;  it  goes 
off  5  If .w.  in  a  river-like  prolongation  two  miles  wide,  it  is  said,  to  Tanganyika : 
I  would  have  set  it  down  as  an  arm  of  that  lake,  but  that  its  surface  is  2800 
feet  above  the  level  of  the  sea,  while  Speke  makes  that  1844  feet  only.  I 
tried  to  follow  the  river-like  portion,  but  was  prevented  by  a  war  which  had 
broken  out  between  the  Chief  of  Itawa  and  a  party  of  ivory  traders  from  Zanzi- 
bar. I  then  set  off  to  go  150  miles  south,  then  west,  till  past  the  disturbed  dis- 
trict, and  explore  the  west  of  Tangnnyika;  but  on  goin£  80  miles  I  found  the 
Arab  party,  showed  them  a  letter  from  the  Sultan  of  Zanzibar,  which  I  owe 
to  the  kind  offices  of  his  Excellency  Sir  Bartle  Frere,  Governor  of  Bombay 
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and  was  at  once  supplied  with  provisions,  cloth,  and  beads ;  they  showed  the 
greatest  kindness  and  anxiety  for  my  safety  and  success.  The  heads  of  the 
party  readily  perceived  that  a  continuance  of  hostilities  meant  shutting  up  the 
ivory  market,  but  the  peace-making  was  a  tedious  process,  requiring  3^  months. 
I  was  glad  to  see  the  mode  of  ivory  and  slave-trading  of  these  men,  it  formed 
such  a  perfect  contrast  to  that  of  the  ruffians  from  Kilwa,  and  to  the  ways  of 
the  atrocious  Portuguese  from  Tette,  who  were  connived  at  in  their  murders 
by  the  Governor  D' Almeida. 

After  peace  was  made  I  visited  Msama,  the  chief  of  Itawa ;  and,  having  left 
the  Arabs,  went  on  to  Lake  Moero,  which  I  reached  on  the  8th  September, 
1867.  In  the  northern  part  Moero  is  from  20  to  33  miles  broad.  Further  south 
it  is  at  least  60  miles  wide,  and  it  is  50  miles  long.  Ranges  of  tree-covered 
mountains  flank  it  on  both  sides,  but  at  the  broad  part  the  western  mountains 
dwindled  out  of  sight  Passing  up  the  eastern  side  of  Moero  we  came  to 
Cazembe,  whose  predecessors  have  been  three  times  visited  bv  Portuguese. 
His  town  stands  on  the  northeast  bank  of  the  lakelet  Mofwe ;  this  is  from  two 
to  three  miles  broad  and  nearly  four  long.  It  has  several  low,  reedy  islets,  and 
yields  plenty  of  fish — a  species  of  perch.  It  is  not  connected  with  either  the 
Luapula  or  Moero.  I  was  forty  days  at  Cazembe's,  and  might  then  have  gone 
on  to  Bangweolo,  which  is  larger  than  either  of  the  other  lakes;  but  the  rains 
had  set  in,  and  this  lake  was  reported  to  be  very  unhealthy.  Not  having  a 
grain  of  any  kind  of  medicine,  and,  as  fever,  without  treatment,  produced  very 
disagreeable  symptoms,  I  thought  that  it  would  be  unwise  to  venture  where 
swefied  thyroid  gland,  known  among  us  as  Derbyshire-neck,  and  elephantiasis 
(scroti)  prevail.  I  then  went  north  for  Ujiji,  where  I  have  goods,  and,  I  hope, 
letters ;  for  I  have  heard  nothing  from  the  world  for  more  than  two  years :  but 
when  I  got  within  13  days  of  Tanganyika,  I  was  brought*  to  a  stand-still  by 
the  superabundance  of  water  in  the  country  in  front  A  native  party  came 
through,  and  described  the  country  as  inundated  so  as  often  to  be  thi^h  and 
waist-deep,  with  dry  sleeping  places  difficult  to  find.  This  flood  lasts  till  May 
or  June.  At  last  I  became  so  tired  of  inactivity  that  I  doubled  back  on  my 
course  to  Cazembe. 

To  give  an  idea  of  the  inundation  which,  in  a  small  way,  enacts  the  part  of 
the  NUe  lower  down,  I  had  to  cross  two  rivulets  which  flow  into  the  north  end 
of  Lake  Moero ;  one  was  30,  the  other  40  yards  broad,  crossed  by  bridges ;  one 
had  a  quarter,  the  other  half  a  mile  of  flood  on  each  side.  Moreover,  one,  the 
Luao,  had  covered  a  plain  abreast  of  Moero,  so  that  the  water  on  a  great  part 
reached  from  the  knees  to  the  upper  part  of  the  chest  The  plain  was  of  black 
mud,  with  grass  higher  than  our  neads.  We  had  to  follow  the  .ath  which,  in 
places,  the  feet  of  passengers  had  worn  into  deep  ruts.  Into  these  we  every 
now  and  then  plunged  anafell,  over  the  ancles  in  soft  mud,  while  hundreds  of 
bubbles  rushed  up,  and,  bursting,  emitted  a  frightful  odor.  We  had  four 
hours  of  this  wading  and  plunging — the  last  mile  was  the  worst ;  and  right 
glad  we  were  to  get  out  of  it  to  Uie  sandy  beach  of  Moero  and  bathe  in  the 
clear  tepid  waters.  In  going  up  the  bank  of  the  lake  we  first  of  all  forded 
four  torrents,  thigh  deep ;  then  a  river  80  yards  wide,  with  300  ^ards  of  flood 
on  its  west  bank,  so  deep  we  had  to  keep  to  the  canoes  till  within  50  yards  of 
the  higher  ground ;  then  four  brooks,  firom  5  to  15  yards  broad.  One  of  them, 
the  Chungu,  possesses  a  somewhat  melancoholy  interest,  as  that  on  which  poor 
Dr.  Lacerda  died.  He  was  the  only  Portuguese  visitor  who  had  any  scientific 
education,  and  his  latitude  of  Cazembe's  town  on  the  Chungu  being  50  miles 
wrong,  probably  reveals  that  his  mind  was  clouded  with  fever  when  he  last 
observed,  and  any  one  who  knows  what  that  implies  will  look  on  his  error  with 
compassion.  The  Chungu  went  high  on  the  chest,  and  one  had  to  walk  on 
tiptoe  to  avoid  swimming.  As  I  crossed  all  these  brooks  at  both  high  and  low 
water,  I  observed  the  difference  to  be  from  15  to  18  inches,  and  from  all  the 
perennial  streams  the  flood  is  a  clear  water.    ••••••••• 
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Abt.  II. — On  the  relation  between  the  Intensity  of  Light  pro- 
dxictd  from  the  combustion  of  Illuminating  Oas  and  the 
volume  of  Gas  consumed;  by  B.  Silliman.* 

(Re^id  at  the  Salem  meeting  of  the  Am.  Assoc,  for  Adv.  of  Science,  Aug.^  1 869.) 

In  photometric  observations  made  to  determine  the  illuminat- 
ing power  or  intensity  of  street  gas,  it  is  the  practice  of  obser- 
vers to  compute  their  observations  upon  the  assumed  standard 
of  five  cubic  feet  of  gas,  consumed  for  one  hour,  and  in  the 
constantly  occurring  case,  of  a  variation  from  this  standard, 
whether  in  the  volume  of  the  gas  consumed  or  in  the  weight 
of  spermaceti  burned,  the  observed  data  are  computed  by  the 
"  rule  of  three,''  up  or  down,  to  the  stated  terms.  The  stand- 
ard spermaceti  candle  is  assumed  to  consume  120  grains  of 
sperm  in  one  hour,  a  rate  which  is  rarely  found  exactly  in 
actual  experience. 

For  example,  a  given  gas,  too  rich  to  burn  in  a  standard 
argand  burner  at  the  rate  of  five  cubic  feet  per  hour  without 
smoking,  is  consumed  at  the  rate  of  3i  cubic  feet  to  the  hour, 
with  an  observed  effect  of  20  candles  power.  This  result,  pre- 
viously corrected  by  the  same  nile  for  the  sperm  consumea,  is 
then  brought  to  the  standard  of  five  cubic  feet  by  the  ratio 
3-5: 20=5: 28-57 

The  candle  power  of  the  gas  is  therefore  stated  as  2857 
candles,  and  this  result  has  been  universally  accepted  as  a  true 
expression  of  the  intensity  of  the  gas  in  question,  or  the  rela- 
tive value  of  the  two  consumptions. 

In  common  with  other  observers,  I  have  long  suspected  that 
this  mode  of  computation  was  seriously  in  error,  as  an  expression 
of  the  true  intensity  of  illuminating  flames,  and  that  there 
were  othei  ^conditions  besides  the  volume  of  gas  or  weight  of 
sperm  consumed  which  must  influence,  and  greatly  modify  the 
results.  As  most  of  these  conditions  are  considered  somewhat 
at  length  in  a  paper  on  "  Flams  Temper atwreSy"  prepared 
chiefly  from  researches  conducted  by  Prof.  Wurtz  and  myself, 
and  presented  at  the  Salem  Meeting  of  the  Association,  they 
need  not  be  discut^sed  in  this  connection. 

The  results  of  many  trials,  made  with  the  purpose  of  deter- 
mining the  value  of  these  photometric  ratios,  indicate  clearly 
that  the  true  ratio  of  increase  in  intensity  in  illuminating 
flames  is,  within  certain  limits,  expressed  by  the  following 
theorem,  viz  : — 

*  The  main  points  of  this  paper  were  made  the  subject  of  a  yerbal  communUMH 
tbo  to  the  Conn.  Acudemj  of  Arts  and  Sciences  at  their  session,  June  17th,  1869< 
Am.  Joub.  Scl— ^bookd  Sbbibs,  Vol.  XLIX,  No.  145.--Jan.,  1870. 
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The  intensity  of  gaajftameSy  i.  e.,  illuminating  power,  increases 
(within  the  ordinary  umits  of  coneumption)  as  the  square  of 
the  volwne  of  the  gas  consumed. 

As  the  fj-Bt  experimental  demonstration  of  this  theorem 
was  made  by  Mr.  William  Farmer,  the  photometric  observer 
at  the  Manhattan  Gas  Co's.  works  in  New  York,  I  propose 
to  speak  of  it  as  ^^  Farmer's  theorem/'  I  am  also  indebted 
to  Mr.  Farmer  and  to  Mr.  Sabbaton,  the  well  known  and 
courteous  Engineer  of  the  Manhattan  Gas  Light  Company,  for 
the  free  use  of  their  experimental  data  and  the  permission  to 
employ  them  in  illustration  of  Farmer's  theorem. 

The  fundamental  importance  of  this  new  mode  of  compu- 
tation will  at  once  appear,  if,  assuming  it  for  the  sake  of 
illustration  to  be  true,  we  apply  it  to  the  case  already  given 
above,  which  then  becomes — 

3-5« :  20=5« :  40, 
showing  an  increase  of  forty  per  cent  over  the  old  rule  of 
correction.    Let  us  see  how  far  this  theorem  is  sustained  by 
the  test  of  experiment. 

Eayperiment  Ist. — Two  similar  gas  flames,  one  at  each  end 
of  the  photometer  bar,  were  made  to  give  exactly  the  same 
intensity  of  illumination.  This  was  accomplished  of  course 
by  placing  the  Bunsen  disc  midway  between  the  two  burners, 
and  regulating  the  combustion  until  the  disc  was  perfectly 
neutral ;  the  consumption  being  noted  equal  by  two  wet  gas 
meters  under  the  same  pressure.  The  screen  was  then  moved 
upon  the  bar  to  a  point  just  four  times  as  far  from  one  flame 
as  it  was  from  the  other,  i.  e.,  the  bar  being  100  inches,  the 
screen  stood  at  80,  i.  e.,  as  1 :  4  The  light  from  the  distant 
burner  was  then  increased  until  the  disc  again  showed  an 
equality  of  illumination.  On  reading  the  rate  of  the  gas  con- 
sumed by  the  two  burners  respectively,  one  gave  3'66  cubic 
feet  and  the  other  7'32  cubic  feet,  or  exactly  double,  or  in  other 
words,  the  lights  were  as  the  squares  of  the  volumes  of  gas 
consumed,  thus :        3*66 «  :  7-32='  =1:4. 

By  the  old  rule  the  intensity  would  have  been  estimated 
directly  as  the  volume  of  the  gas  consumed,  thus  : 
3-66 :  7-32  =  1:2. 

Experiment  2d. — The  following  results  were  obtained  with 
the  use  of  a  standard  argand  burner.  The  readings  of  the  in- 
dex meter,  the  gas  consumed  in  cubic  feet,  and  the  ratio  of 
the  lights  produced,  are  given  in  three  columns,  viz : — 

Index,  -0560  =  3-30  feet.  =  I     light 

•0725  =  4-85    *•  =  2-1     •* 

•«  -0866  =  518    ••  =  32     •* 

«  -0926  =  6-56    •*  =  4-       " 
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In  this  series  the  lights  increase  in  considerably  higher  ratio 
than  IB  required  by  Farmer's  theorem,  which  demands  6*60 
cubic  feety  corresponding  to  a  four-fold  consumption,  while 
the  actual  consumption  was  1*05  cubic  feet  less  than  the  quan- 
tity required  by  the  theorem. 

Experiment  Zd. — The  following  series  was  obtained  by 
another  argand  burner. 

Index,         062  z=  372 cub.  feet  =   1  light. 

•0814  =  4-88        **  =  2     •* 

•1000  =  6  00        ••  =  3     ** 

*•             .1203  =  7-219      -  =  4     ** 

In  this  series  the  ratio  is  more  nearly  in  accordance  with 
the  demands  of  the  theorem,  the  intensity  being  still  a  little 
in  excess  of  the  squares  of  consumption  (3*72  X  2  =  7*44  in 
place  of  7*219). 

The  gas  einployed  in  these  comparisons  had  a  candle  power 
of  about  14  candles. 

ExperiTnent  4^A. — Results  obtained  by  a  comparison  of  fish- 
tail burners,  ratio  as  4  and  9  feet  respectively. 

A.  Index,         '0760     =     4  500     cub.  feet     =     1  light. 

B.  "  -1586     =     9;)19  "  =     4     •* 

In  this  comparison  the  ratio  falls  but  little  short  of  the  de- 
mands of  the  theorem. 
Experiment  5th. — Comparison  of  fish-tail  burners. 

A.  Ind<%     086     =     5^16  feet.     =     1*86 

B.  ^         -1677  =  1006   **        =     4- 

In  this  trial  the  departure  firom  the  requirements  of  the 
theorem  is  considerably  greater  than  in  any  of  the  preceding 
experiments.  But  it  appears  that  firom  some  cause  the  ratio 
of  the  squares  does  not  hold  with  gas  of  the  power  used  in 
these  trials  (14  candles),  where  the  consumption  rises  above  9 
or  falls  much  below  3  cubic  feet.  This  is  undoubtedly  con- 
nected with  the  well  recognized  fact,  that  there  is  for  each  gas 
a  kind  of  burner  and  a  volume  of  gas  better  calculated  than 
any  other  to  develop  its  maximum  intensity. 

Experiment  Gth, — This  series  was  designed  by  Mr.  Farmer  to 
test  by  a  direct  comparison  the  value  of  the  new  as  contrasted 
with  the  old  method  of  correction.  Both  trials  were  made 
upon  the  same  gas,  the  second  observation  fjllowing  immediately 
after  the  first  and  with  the  same  candle,  and  therefore  should 
give  about  the  same  candle  power. 

Ill  TWoiL — Consumption  of  sperm,         82*7  grains. 

'^  of  gas,  6 '004  cubic  feet 

Mean  candle  power  (15  observations),         1 8-93  candles. 
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2d  Tried. — Consumption  of  sperm,  32  2  grains. 

'*  "    gas,  4*58  cubic  feet. 

Mean  candle  power  of  15  observations,      11*8  candles. 

The  above  data  calculated  by  Fhrmer^s  Theorem. 

6*004  cubic  feet,  and  32*7  grains  give  16  16  candies. 
4*68  *'  «*      32-2       ''         **     15*09       " 


Difference,         -06      ** 

Calculated  by  the  old  rule. 
6*004  cubic  feet  and  32*7  grains  give  16*16  candles 
4*58        *         **  32*2       **         "     13*82 


Difference     1*34        ** 

It  is  obvious  from  the  study  of  these  results,  that  within  the 
limits  named  the  increase  of  intensity  in  gas  flames,  whether 
naked  or  argand,  is  at  a  ratio  certainly  as  great  as  the  squares 
of  the  volumes  of  gas  consumed  ;  and  hence  it  follows  that 
all  the  photometric  determinations,  which  have  been  obtained 
by  computation  from  volumes  greater  or  less  than  the  assumed 
standard  of  five  cubic  feet  per  hour,  in  the'simple  ratio  of  the 
volumes  consumed  must  be  considered  as  absi^ltttely  worthless^ 
provided  the  theorem  of  Farmer  here  announced  is  confirmed. 

It  is  evident  also  that  this  theorem  applies  with  equal  force 
to  the  weight  of  sperm  consumed  by  the  standard  candle  as  to 
the  volumes  of  the  gas  burned  in  equal  times. 

With  a  view  to  test  the  theorem  of  Farmer,  I  at  once  sought 
to  apply  it  to  the  case  of  certain  observations  I  had  made 
upon  very  rich  gas  obtained  from  cannel  and  other  rich  coals. 
The  photomeiric  power  of  these  gases  had  been  measured  in 
the  usual  way  heretofore  practiced  by  gas  engineers,  by  burn- 
ing a  less  quantity  than  nve  cubic  feet  in  the  standajxi  argand 
and  then  computing  up  to  a  standard  of  five  cubic  feet  by 
direct  ratio.  The  results  of  this  comparison  appear  to  go  far 
to  confirm  FarmtVs  theorem. 

Peyiona  Gas, — This  gas  was  made  from  a  coal  of  West  Vii- 
ginia,  known  as  Pc^ytona  Cannel  Coal.  It  was  much  too  rich 
to  permit  the  flow  of  five  cubic  feet  from  the  15  hole  argand 
burner,  with  a  perfect  combustion.  The  gas  was  therefore 
reduced  by  mixture  with  a  measured  volume  of  street  gas  of 
known  value,  and  the  illuminating  power  of  the  mixture  hav- 
ing been  carefully  determined,  the  value  of  the  Peytona  gas 
alone  was  readily  calculated  and  fixed  at  4279  candles.  The 
following  tiials  exhibit  the  result  obtained  by  burning  smaller 
volumes  of  Peytona  gas,  and  the  values  obtained  by  the  two 
methods  of  calculation. 
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Ha  I  Aigand  bomer  oonsuming  6  cubic  feet  per  hour,  mixed  ga8=42*79  oandleB 
J  a  It         3  24     "  «»  ««  ig.95       a 

3  41  u         3.4g     u  (I  a  20-94       " 

Here  No.  1  represents  very  nearly  the  true  illuminating  power 
of  the  gas,  and  may  be  assumed  as  a  fair  criterion  of  the  Iftw 
under  consideration. 

By  Farmer*8  Theorem, 

No.  2  becomes  3.24^  :  1896  =  6«  :  46-12  candles. 
3         '*        3-48»  :  20-94  =  6^  :  43-22         *' 

By  direct  ratio  (old  rule). 

No.  2  becomes  3*24  :  18-95  =  6  :  29-24  candles. 
3         **        3-48  :  20-94  =  6  :  30-09 

By  this  it  appears  that  by  the  old  rule,  assuming  the  true 
candle  power  of  the  gas  to  be  4279  candles,  the  two  observa- 
tions Nos.  2  and  3  are  in  error  by  about  30  per  cent,  while  by 
Farmer's  theorem  the  error  is  reduced  to  3  per  cent,  the 
former  being  too  small  and  the  latter  too  large. 

Albert  Cfas — The  well  known  Albertite  of  New  Brunswick 
furnishes  a  gas  of  remarkable  richness.  Its  true  candle  power 
can  be  measured  only  by  diluting  largely  with  street  gas  of 
known  value,  and  calculating  it  from  the  determined  intensity 
of  the  mixture.  In  this  way  the  gas  from  Albertite  is  shown  to 
have  an  intensity  equal  to  70*38  candles.  The  follow^g  results 
were  obtained  by  consuming  different  volumes  in  the  burners 
named. 

No.  1  argand  burner  consuming  5  cubic  feet  =  70-38  candles. 

2  "  **  "  2-26       *'  =  16-39         ** 

3  *  Scotch  tip'   "  **  3-  *'  z=  26-26         " 

By  Farmer^s  Theorem, 

No.  2  becomes  2*6*  :  16-39  =  6*  :  66-56  candles. 

3         "       3^      :  26-25  z=  6^  :  70*14       " 

By  simple  ratio. 
No.  2  becomes  2*6 :  16*39=6 :  32-78  candles. 

'*     8       "  8     :  26-26=6: 42-08        " 

The  differences  from  the  assumed  standard  of  70-38  candles 
are  as  follows : 

By  the  old  rule,  No.  2  falls  short  37-6  candles  or  1 16  pr.  ct. 

"  Farmer's  theorem,        **  *»  4-72  "        7*1      " 

«  the  old  rule,  No.  3         "         28*30  "       67*26    " 

"  Farmer's  theoi-em,        "  "  0-24  "         0-34    " 

It  will  be  observed  that  No.  2  in  this  series  represents  a 
consumption  considerably  below  the  minimum  which  in  most 
cases  experiment  has  shown  to  be  the  limit  of  the  proposed 
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theorem,  namely,  3  enbic  feet,  while  No.  3,  which  repreBents 
exactly  this  limit,  brings  the  result  within  the  range  of  experi- 
mental error — it  being  impossible  to  make  two  series  of  15 
photometric  obsenratious  which  will  accord  more  closely  than 
these. 

WoUongong  Gas. — This  gas  was  obtained  from  woUan- 
gonit€j  a  new  carbohydrogen  described  by  me  in  a  late  number 
of  this  Journal  (July,  1869),  as  coming  from  Australia.  Its 
illuminating  power  was  determined  by  mixing  10  per  cent  of 
the  gas  with  90  per  cent  of  street  gas.  But  this  mixture  was  still 
too  rich  to  burn  5  cubic  feet  in  the  Argand  standard  without 
smoking,  and  even  when  burned  at  this  rate  in  a  fish-tail 
burner  the  flame  was  somewhat  smoky  and  inclined  to  '^  tail 
oC  I  have  therefore  little  doubt  that  its  true  candle  power 
is  more  nearly  142  candles  than  to  132  as  stated  in  the  article 
referred  to.  We  quote,  however,  the  observations  made  as 
follows : 

1  fish-tail  burner  consuming  5  cubic  feet  gave  132*94  candle  power. 

2  u  a  2-5       «  i(       12-89  " 

Computing  the  second  observation  we  have : 

By  Fanner's  theorem  for  No.  2  143*22  candle  power 
"    direct  ratio  **         "      42*96       "  " 

This  is  an  extreme  case  in  which  the  volume  of  gas  con- 
sumed in  the  second  observation  is  far  too  low,  but  it  is  clear 
that  by  the  old  rule  the  result  coming  from  the  consumption 
of  so  small  a  volumq  of  gas  is  perfectly  worthless,  while  by 
Farmei-'s  theorem  the  difference  of  1028  candles  is  within  7*7 
per  cent,  while  if  the  true  intensity  of  this  remarkable  gas  is 
placed,  as  there  is  good  reason  to  believe  it  should  be,  at  142 
candles,  the  agreement  in  the  two  observations  is  absolute. 

Every  photometric  observer  can  confirm  the  results  here  given 
bv  reference  to  his  own  records  of  former  observations,  or  by 
direct  experiment  designed  to  test  the  accuracy  of  the  theorem 
here  announced. 

In  Sugg's  "  GtSLS  Manipulation  "  (London,  1867),  paee  64,  is 
1^  tabular  statement  of  the  results  of  an  experiment  designed 
to  illustrate  the  unfitness  of  the  ^^  Birmingham  "  burner,  (a 
special  form  of  argand)  to  develop  the  highest  inter sity  of 
which  a  gas  of  14  candle  power  is  capable  when  it  is  used  upon 
any  other  standard  than  that  of  a  consumption  of  five  cubic  feet 
per  hour.  By  this  statement  the  burner  in  question  produced 
from  five  cubic  feet  of  gas  exactly  15  candle  power.  But  when 
reduced  to  4*5  cubic  feet  consumption  the  candle  power  when 
"  corrected  to  the  standard  quality  of  gas  by  proportion,"  was 
only  11*93  candles.    The  values  of  the  *  correction '  referred  to 
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cftQ  only  be  conjectured,  but  assnming  that  the  obsenration 
made  the  uncorrected  rendering  11*32  candles  (a  very  probable 
quantity)  we  find  that  the  law  of  the  squares  of  consumption 
Uien  makes  the  ratio  as  follows  : — 

4-62:ll-32=62:14, 
a  result  which  in  view  of  the  fisicts  before  given  cannot  be 
regarded  as  accidental.    The  theorem  applied  to  this  case  as  it 
stands  reported  (including  the  correction)  gives  for  the  value 
of  the  fourth  term  of  the  ratio  14-7  candles. 

I  have  endeavored  to  apply  this  theorem  to  some  of  the  re- 
sults recorded  in  the  well  known  researches  of  Messrs.  Audouin 
and  B^rard,  but  I  find  these  results  stated  in  a  manner 
which  renders  it  difficult  to  fix  clearly  the  terms  of  compari- 
son. I  venture,  however,  to  append  a  lew  comparisons  drawn 
from  two  of  the  tabular  records  of  experiments  with  butterfly 
or  baf  8  wing  burners  of  the  "  fifth  series  "  which  so  far  as 
they  go  lend  confirmation  to  the  views  here  presented. 

Burner  of  the  fifth  series — slit  ^  inch  wide. 


Bomcrt  ODder 
IriaL 

ComampUon  of  the 
Beuei  Aiv»nd 

•Undard 
burner  wlthoat 

cone;8lD.ohlmDe7. 

CompftratlTc 
IntenBltlee. 
The  Beiurie 
bamer-uX). 

sqoares  of 
coniomption. 

PreMoret. 

Cable  feet. 

Cubic  feet. 

3-1079 
2-4016 
2-0131 

3*6024 
3^6318 
3-6024 

60 
40 
SO 

103 
90-9 
96- 

-23622 
•19685 
•11811 

Burners  of  same  series — slit  ^  inch  wide. 

3-9565 
3-1786 
2-6487 
2-3309 
1-5186 

3-6730 
3-6730 
8-6730 
3-6730 
3-6730 

80 
60 
50 
40 
20 

92-6 
80-7 
96-7 
97-6 
115-6 

•078474 

•07480 

•07480 

•03937 

-01968 

The  comparison  of  their  results  by  this  theorem,  which  gives  rea- 
sonablv  exact  results  for  consumptions  which  are  not  greater 
than  that  of  the  standard  Bengle  burner  employed  by  them, 
fails  when  the  consumptions  become  greater  than  that  of  the 
standard. 

A  comparison  of  the  foregoing  results  will  show  that  the  co- 
incidences with  the  requirements  of  the  theorem  of  Farmer  are, 
within  the  limits  assigned,  too  numerous,  and  too  closely  accord- 
ant, to  be  considered  as  otherwise  than  pointing  clearly  to  its 
general  truth.  A  rigorous  demonstration  cannot  be  expected, 
as  there  are  too  many  variable  functions  of  unknown  value  in- 
volved in  the  best  methods  at  present  known  for  photometric 
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measurements  to  permit  m^re  than  an  approximate  proof  of 
its  general  accuracy.  Every  photometric  ooserver  must  recog- 
niz)  its  importance  and  the  necessity  in  his  observations  of 
bringing  the  consumptions  of  gas  and  sperm  to  the  agreed  stan- 
dard. 

To  the  consumer  of  gas  the  evident  inference  from  the  data 
here  presented  is  that,  where  it  is  important  to  obtain  a  maxi- 
mum of  economical  effect  from  the  consumption  of  a  given  vol- 
ume of  illuminating  gas,  this  result  is  best  obtained  by  the 
use  of  burners  of  ample  flow. 

Where  a  moderate  li^fht  of  equal  diffusion  is  required  over 
a  large  space,  as  in  public  rooms,  it  may  ba  expedient  to  use 
numerous  small  jets ;  but  when  the  maximum  intensity  ob- 
tainable from  a  given  volume  of  illuminating  gas  is  desired, 
intensity  burners  of  larg^  consumption  are  plainly  indicated. 

In  the  discussion  followino:  this  paper,  Mr.  F.  Stimpson, 
State  Inspector  of  gas  for  Massachusetts,  brought  forward 
some  results  ot  observations  he  had  made  upon  Farm3r'8  the- 
orem ^having  been  in  correspondence  with  Prof.  Silliman  on 
the  suDJect),  and  considered  them  in  comparison  with  those 
herewith  given.  His  conclusion  was  that  while  in  many  cases 
the  theorem  was  closely  applicable,  in  others  it  was  not  so. 
Mr.  Stimpson's  discussion  of  the  matter  will  very  likely  appear 
in  an  early  number  of  this  Journal. 


Art.  IIL — Principles  of  Molecular  and  Cbsmical  Physics]  by 
Prof.  W.  A.  Norton. 

In  a  memoir  on  Molecular  Physics,  published  in  1864-66,  in 
this  Journal,  and  republished  in  the  London  Philosophical  Maga- 
zine, I  showed  that,  by  the  introduction  of  a  new  hypothesis  not 
in  itself  improbable,  the  principle  of  gi^avitation  might  be  ex- 
plained. I  now  find  that  no  additional  hypothesis  is  necessary 
but  that  this  principle  is  essentially  involved  in'  one  of  the  ftm- 
damentaJ  principles  of  the  general  theory ;  viz.,  that  of  the  inter- 
ception of  force  by  matter.  This  fundamental  principle  was  brought 
out  in  treating  of  the  subject  of  the  electric  condition  of  mole- 
cules, and  formed  an  essential  element  in  the  special  theory  of 
electricity  developed  in  the  memoir.  This  interception  was  re- 
garded as  no  arbitrary  assumption,  but  as  a  necessary  consequence 
of  the  fact  that  a  certain  portion  of  the  propagated  force  is  instan- 
taneously expended  in  imparting  motion  to  the  molecule,  or  atom, 
which  it  encounters,  and  is  therefore  abstracted  from  this  force. 
In  every  instance  of  a  propagated  force  this  conclusion  is  inev- 
itabla     Now  I  find  that  if  we  admit  that  the  primary  forces  of 


Digitized  by  VjOOQ  IC 


W,  A.  Norton  on  Molecular  and  Ooamtcal  Physics.        25 

nature  are  propagated  forces,  that  is,  do  not  act  instantaneously  at 
all  distances,  tne  principle  of  universal  gravitation,  as  well  as  the 
doctrine  of  the  molecular  forces  and  agencies  set  forth  in  my 
paper,  may  be  directly  deduced  fix>m  a  single,  force  of  repulsion 
exerted  by  every  primary  atom  upon  every  other  atom. 

Admitted  Principles. — It  is  now  universally  conceded :  (Ist,) 
that  matter  exists  in  at  least  two  different  fundamental  forms, 
or  conditions,  viz :  that  of  universal  or  luminiferous  ether  which 
pervades  all  space,  and  that  of  ordinary  matter  directly  recog- 
nizable by  our  senses. 

(2d.)  That  all  masses  of  matter  of  sensible  extent  are  made  up 
of  distinct  atoms. 

(3d.)  That  every  atom  is  essentially  inert  or  incapable  of  itself 
of  altering  its  own  state,  whether  of  rest  or  motion ;  and  that  in 
every  act  of  motion,  or  change  of  motion  of  an  atom,  an  amount 
of  force  is  expended  proportionate  to  the  mass  of  the  atom  and 
Ihe  velocity,  or  change  of  velocity,  produced  in  the  direction  in 
which  the  force  acts. 

It  is  also  the  general  conception  with  physicists,  that  every 
atom  has  a  definite  form,  and  a  definite  size  dependent  upon  the 
quantity  of  matter  which  it  contains,  and  it  will  serve  to  fix 
our  ideas  to  adopt  this  conception ;  at  the  same  time  it  should 
be  understood  that  in  order  to  arrive  at  our  conclusions  the  only 
essential  supposition  to  be  made,  with  regard  to  the  state  of  an 
atom,  is  that  it  occupies  a  certain  space,  proportionate  to  its 
quantity  of  matter,  in  such  a  manner  as  to  receive  and  intercept 
a  certain  portion  of  the  force  propagated  along  every  line,  or  a 
number  of  lines  proportional  to  its  mass,  traversing  this  space. 

Cosmical  Force  of  Repulsion, — The  fundamental  notion  of  the 
propagation  of  force  involves  with  it  the  conception  that  the 
force  acts,  or  is  transmitted  in  a  series  of  recurring  impulses. 
We  may  also  assume  that,  like  all  known  propagated  actions, 
the  force  varies  according  to  the  law  oi  inverse  squares. 
In  fact,  if  the  impulses  are  transmitted  along  definite  lines,  and 
the  atom  occupies,  as  a  cause  of  interception,  a  definite  space,  it 
is  obvious  that  this  law  must  of  necessity  hold  good ;  or,  if 
they  are  propagated  by  the  intervention  of  wave  pulses  in  a 
more  subtile  ether,  whether  the  atom  be  regarded  as  a  mere 
point  or  of  definite  size,  so  be  that  it  has  a  definite  degree  ot 
mertia,  the  same  law  should  obtain.  Now,  let  us  leave  out  of 
view,  for  the  present,  all  the  bodies  of  ordinary  matter  in  exist- 
ence, and  confine  our  attention  to  the  luminiferous  ether  uni- 
formly disseminated  through  space.  Every  atom  of  this  ether 
exercises  a  repulsive  action  upon  every  other  atom  of  the  same 
at  all  distances ;  and  this  action  consists  in  a  series  of  impulses 
perpetually  renewed,  at  an  immensely  more  rapid  rate,  we  must 
suppose,   than  those  of  light  or  radiant  heat      Each  effec- 
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tive  impulse  is  but  an  excessively  minute  fraction  of  each 
individual  impulse  propagated  in  the  force ;  and  this  is  expend- 
ed in  giving  motion,  or  virtual  motion  to  the  atom.  That  is, 
as  in  all  known  instances  of  propagated  action,  each  impulse 
produces  its  eflFect,  in  the  snape  of  velocity  instantaneously 
imparted,  and  is  expended  in  so  doing,  just  as  if  no  other 
impulse  or  series  of  impulses  were  in  operation.  Since  the 
ether  is  uniformly  disseminated,  each  atom  must  be  subjected, 
in  an  appreciable  interval  of  time,  to  the  same  amount  of 
force  transmitted  from  every  dii'ection,  and  therefore  can- 
not experience  any  sensible  displacement  But,  alUiouffh 
no  sensible  progressive  motion  of  tne  ethereal  atoms  can  result, 
under  the  circumstances  supposed,  still  it  is  to  be  observed  that 
the  united  effective  impulses  that  come  into  operation  upon  the 
atom  in  any  minute  interval  of  time,  /rom  any  one  direction^ 
must  be  enormously  great  in  comparison  with  the  force  of  repul- 
sion subsisting  between  two  contiguous  atoms  of  the  ether: 
and  this  latter  force  must  be  vastly  greater  than  the  elastic  force 
of  the  ether  called  into  play  in  the  propagation  of  a  wave  of 
light  or  heat ;  since  this  elastic  force  results  from  a  slight  in- 
ec[uality  in  the  repulsive  actions  of  the  contiguous  atoms  on 
different  sides,  attendant  upon  a  slight  relative  displacement  of 
the  atoms.  It  is,  as  I  conceive,  by  the  coming  into  operation 
under  certain  circumstances,  of  a  portion  of  this  vast  cosmical, 
ethereal  force,  received  from  definite  directions,  that  the  known 
effective  forces  of  nature  are  brought  into  play. 

Immediate  consequences  of  tJie  Interception  of  tiie  Oosmieal  Force. 
— Universal  Oravitation. — ^Let  us  next  conceive  that  a  single 
atom  of  ordinary  matter  is  posited  at  a  certain  point  in 
the  universal  sea  of  ether,  and  consider  what  forces  would 
be  brought  into  operation  by  its  interceptive  action.  In 
the  first  place  it  is  obvious  that  the  entire  force  trans- 
mitted fix)m  all  the  ethereal  atoms  lying  on  any  line  intersect- 
ing the  atom  supposed,  will  be  partiaUy  intercepted  in  pass- 
ing the  atom,  and  that  the  residual  force  propagatea  on 
will  be  of  less  intensity  than  the  force  coming  toward  it  in  a 
directly  opposite  direction.  K  then  any  pomt  in  space  be 
taken,  at  any  distance  from  this  atom,  and  right  lines  oe  con- 
ceived passing  through  this  point  and  the  various  points  of  the 
atom,  and  extending  indefinitely  in  both  directions,  they  will 
form  a  cone  circumscribing  the  atom  and  having  the  point  sup- 
posed for  a  vertex ;  and  the  force  transmitted  to  the  point  along 
every  line  within  the  surface  of  this  cone  that  encounters  the 
supposed  atom  of  ordinary  matter,  will  be  less  than  that 
received  in  the  directly  opposite  direction.  Accordingly  there 
¥rill  be  a  greater  amount  of  repulsive  force  transmitted  through 
the  vertex  of  the  cone,  from  the  ethereal  atoms  lying  withm 
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the  outer  nappe  or  indefinite  portion  of  the  cone,  than  from  those 
lying  within  the  other  nappe  which  circumscribefl  the  atom  of 
ordinary  matter.  The  excess  will  operate  as  an  eflfective 
force  to  urge  any  atom  that  may  be  posited  at  the  vertex 
toward  the  ordinary  atom.  It  is  obvious  that  except  at  minute 
distances,  this  eflfective  force  would  vary  inversely  as  the 
square  ojf  the  distance. 

All  this  being  understood,  let  us  consider  what  will  be  the 
result  with  regwl  to  the  ether  in  the  immediate  vicinity  of  the 
supposed  atom  of  ordinary  matter.  It  is  plain  that  each 
ethereal  atom  so  situated  will  be  urged  toward  the  atom  consid- 
ered, until  the  eflfective  force  directed  inward  is  neutralized  by 
the  outward  repulsion  of  the  ordinary  atom  and  the  increased 
repulsion  of  the  ethereal  atoms  lying  nearer  to  this.  The 
ultimate  result  then  would  be  the  condensation  of  an  ethereal 
atmosphere  around  the  atom  of  ordinary  matter,  just  as  if  this 
exerted  a  direct  attractive  action  upon  the  adjacent  ether. 
Now  what  will  be  the  eflfect  of  the  supposed  atom  (a),  and 
its  condensed  atmosphere  of  ether,  upon  any  other  atom 
(i)  ?  In  the  first  place  the  entire  interception  of  the  cosmical 
repulsion  produced  by  a  and  its  atmosphere  would  give  rise  to 
a  gravitating  tendency  of  b  toward  a.  But  a  and  its  atmosphere 
exert  a  direct  repulsive  action  upon  J.  This  direct  force  of 
repulsion  is  the  sum  of  all  the  repulsive  impulses  exerted  by  a 
and  the  atoms  of  its  atmosphera  But  for  the  interception  of 
individual  pulses,  produced  by  a  and  the  atmosphenc  atoms 
encounterea  on  lines  of  propagation,  it  would  be  tne  same  as  if 
all  the  repellant  matter  considered  were  concentrated  at  the 
center  of  a.'  As  a  matter  of  fact,  in  consequence  of  this  inter- 
ception, the  center  of  repulsion  will  be  displaced  toward  the 
exterior  atom  b  acted  on.  Beyond  a  certain  minute  distance 
the  direct  repulsion  thus  exerted  upon  i,  will  varv  inversely  as 
the  sauare  of  the  distance  from  a ;  and  it  will  at  the  same 
time  DC  less,  at  all  distances,  than  the  gravitating  tendency 
originating  in  the  manner  above  explained. 

The  excess  of  this  tendency  toward  the  atom  (a^  of  ordinary 
matter  above  the  repulsion  exerted  by  the  atom  and  its  atmosphere^ 
constitutes  the  effective  force  of  gravitation  due  to  the  atom.  It  will 
vary,  at  all  measurable  distances,  according  to  the  law  of 
inverse  squares. 

Before  inquiring  into  the  dependence  of  this  force  upon  the 
quantities  of  matter  in  the  active  atom  and  in  that  acted  upon, 
we  will  remark  that  nothing  precludes  us  from  supposing  thai 
Ae  atom  of  ordinary  matter^  so  coiled^  is  actually  a  mass  of  con- 
densed ether.  It  will  readily  be  seen  that  if  a  certain  portion  of 
the  equally  diflFused  ether  lying  around  any  point  were  to  be 
condensed  upon  this  point,  the  increased  interception  of  the 
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cosmical  force  within  the  space  that  it  would  occupy,  would  de- 
velop, as  above  explained,  an  inward  acting  force  that  might  be 
in  equilibrio  with  the  augmented  mutual  repulsion  of  the  atoms 
of  the  condensed  ether.  If  this  conception  be  adopted,  the  in- 
terception of  the  cosmical  force,  eflFected  by  an  atom  of  ordinary 
matter,  will  take  place  at  each  of  the  ethereal  atoms  of  which  it 
is  composed,  and  the  entire  effect  will  be  proportional  to  the 
number  of  such  atoms,  or  the  entire  mass  of  the  compound 
atom.  If  then  a  second  such  atom  of  ordinary  matter  (B)  be 
considered,  at  a  distance  from  the  first  (A),  the  effective  gravita- 
ting tendency  of  each  of  its  constituent  ethereal  atoms  toward 
A  will  be  proportional  to  the  mass  of  A.  The  entire  gravitat- 
ing tendency  of  B  toward  A,  will  then  be  proportional  to  the 
mass  of  A  multiplied  into  the  mass  of  B.  Also,  since  the  tend- 
ency of  each  ethereal  atom  of  B  toward  any  ethereal  atom  of 
A  is  inversely  proportional  to  the  square  of  the  distance,  the 
same  law  will  hola  for  the  entire  gravitating  tendency  of  B 
toward  A.  It  is  to  be  borne  in  mind  that  the  effective  force  of 
gravitation  here  considered,  is  the  excess  of  the  gravitating 
tendency  due  to  the  partial  interception  of  the  general  cosmi- 
cal force  by  the  atom  A  and  its  ethereo-electric  atmosphere,  over 
the  repulsion  directly  exerted  by  the  same. 

The  Newtonian  principle  of  gravitation  being  thus  made 
out  for  individual  atoms  of  ordinary  matter,  it  is  also  made  out 
for  cosmical  masses.  The  Newtonian  laws  of  the  mutual 
gravitation  of  masses,  in  aU  their  precision,  are  inevitable  con- 
sequences of  the  principle  of  gravitation  as  now  deduced  from 
the  one  cosmical  force  of  repulsion ;  if  we  admit  that  the  portion 
of  every  impulse  of  this  force  that  is  intercepted  by  each  atom  is 
an  excessively  minute  fraction  of  the  whole  intensity  of  the 
propagated  impulse. 

Molecular  Forces. — The  Molecular  Forces,  so  called,  consist  of 
a  force  called  the  attraction  of  cohesion,  and  one  or  more  forces 
of  mutual  repulsion.  The  force  of  heat  is  recognized  as  one 
force  of  repulsion,  and  has  generally  been  regarded  as  the 
only  repulsion  in  operation.  But  this  notion  must  certainly  be 
discarded  by  all  physicists  who  maintain  that  the  heat-repulsion 
is  due  to  vibrations  of  the  atoms  of  bodies ;  since  such  vibra- 
tions can  only  be  maintained  by  the  operation  of  existing 
antagonistic  forces  of  attraction  (or  virtual  attraction)  and 
repulsion.  And  even  if  we  admit,  as  I  cannot  do,  the  mechani- 
cal possibility  of  molecular  motions  of  revolution,  or  rc»tation, 
so  constituted  as  to  originate  in  some  way  a  force  of  heat-repul- 
sion exerted  in  all  directions  outward  from  each  atom,  ana  to 
be  always  augmented  in  rapidity  by  waves  of  radiant  heat  from 
whatever  direction  received,  it  is  wholly  inconceivable  that  in 
the  collision  of  bodies  such  motions  of  revolution  or  rotation  of 
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the  impinging  atoms,  or  molecules,  should  give  rise  to  a  mutual 
repulsion,  wnatever  might  be  the  relative  direction  of  the 
motions.  In  fact,  in  whatever  mode  of  molecular  motion  heat 
may  be  supposed  to  consist,  if  heat  be  the  only  force  of  repul- 
sion, a  certain  amount  of  the  living  force  of  heat  belonging 
to  each  of  two  impinging  bodies  would  be  expended  in  dimin- 
ishing the  velocity  of  the  one  body  and  augmenting  that  of  the 
other,  and  it  would  be  impossible  that  tney  should  become 
heated  by  the  impact  It  is  here  assumed  that  the  impact  of 
two  bodies  must  develop  a  force  of  mutual  repulsion  between 
the  impinging  molecules,  which  determines  the  equality  of  the 
action  and  reaction.  This  obvious  fact  seems  now-a-days  to  be 
in  a  good  degree  ignored,  and  the  exchange  of  momenta  to  be 
supposed  to  be  brought  about  by  some  unimaginable  process, 
in  which  the  idea  of  force  is  wholly  lost  sight  of 

We  must  then  conclude  that  there  is  a  primary  force  of 
molecular  repulsion,  in  addition  to  that  of  heat  We  might 
perhaps  ascribe  this  force  to  the  repulsion  of  the  ethereal  mofec- 
ular  atmospheres  when  brought  into  contact ;  but  to  what  can 
we  ascribe  the  heat-repulsion  ?  It  has  come  to  be  generally 
bebeved  that  it  must  consist  in  some  mode  of  motion  of  the 
atoms,  or  molecules  of  bodies,  as  a  whole;  either  of  vibration, 
revolution,  or  rotation.  But  it  might  be  almost  demonstrated, 
did  space  permit,  that  this  cannot  oe  the  true  nature  or  origin 
of  heat  I  will  only  allude  here  to  one  or  two  arguments  in 
support  of  this  statement,  which  may  be  briefly  given.  It  is 
well  known  that  whenever  any  body  is  by  collision  with  another 
body,  or  in  any  other  way,  permanently  compressed,  heat  is  given 
out  Now  the  fiict  that  a  force  of  pressure,  or  percussion,  pro- 
duces a  permanent  compression,  increasing  with  its  intensity, 
leads  to  the  almost  inevitable  inference  that  in  the  act  of  com- 
pression the  atoms,  or  molecules,  experience  some  change  of 
physical  condition,  by  reason  of  which  the  molecular  attraction 
IS  augmented,  and  the  condensation  maintained,  and  that  this 
change  must  be  proportionate  to  the  degree  of  condensation,  and 
so  to  the  amount  or  heat  evolved.  Can  such  a  change  propor- 
tionate to  the  heat  evolved,  be  connected  by  any  admissible 
suppoffltion  with  the  augmented  velocities  of  vibration,  revolu- 
tion, or  rotation  of  ordinary  atoms,  in  which  the  increase  of  heat 
is  conceived  to  consist  ?  In  fitct  the  entire  phenomena  of  inelastic, 
as  well  of  elastic  reaction,  point  to  the  conclusion  that  they  are 
attended  with  changes  in  the  physical  condition  of  the  atoms, 
ordinarily  so  called,  and  that  the  evolution  or  absorption  of  heat 
that  takes  place  is  the  direct  result  of  these  changes. 

Again  it  is  not  conceivable  that  the  phenomena  of  electricity 
can  be  ascribed  to  any  imagined  motion  of  ordinary  atoms,  or 
molecules,  whether  these  are  surrounded  with  ethereal  atmos- 
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pheres  or  not    We  are  accordingly  constrained  to  look  in  some 
other  direction  for  the  origin  of  the  molecular  forces  and  agencies ; 
and  it  appears  to  me  that  it  is  to  be  found  in  the  general  concep- 
tion of  an  electric  ether  less  subtile  than  the  luminiferous,  and 
gravitating  like  this  toward  the  atoms  of  ordinary  matter, 
so  as  to  form  envelopes  to  these  atoms,  permeated  and  under- 
laid   by    the    condensed    luminiferous    ether.      Each    atom 
would  thus  be  surrounded  by  an  ethereo-electric  atmosphere. 
The  atoms  of  electric  ether  may  be  conceived  to  be  masses  of 
condensed  luminiferous  ether,  but  far  more  minute  than  those  of 
ordinary  matter.     Adopting  this  conception  of  the  existence  of 
an  electric  ether,  we  are  led,  by  legitimate  inferences  fix>m  the 
fundamental  principles  I  have  laid  down  in  this  paper,  not  only 
to  the  physical  constitution  of  a  primitive  molecule,  but  also  to 
the  theory  of  molecular  forces  set  forth  in  my  memoir  on  Mole- 
cular Physica     The  force  of  molecular  attraction  was  conceived 
to  consist  in  a  contractile  action  exertied  by  the  central  atom  upon 
its  electric  envelope,  and  originating  waves  propagated  outward 
through  the  electric  ether  to  contiguous  atom&     This  contractile 
action  is  now  seen  to  consist  in  the  gravitating  tendency  of  the 
electric  envelope  toward  the  central  atom ;  resulting  from  the 
partial  interception  of  the  cosmical  force  by  this  atom.     This 
action  also  originates  waves  in  the  luminifereous  ether  posited 
between  the  central  atom  and  its  electric  envelope,  that  are  propa- 
gated outward  by  this  ether,  and  constitute  the  primary  force 
of  heat-repulsion.     All  the  diverse  methods  of  developing  heat 
are  but  different  methods  of  compressing  or  forcing  inward  the 
atomic  or  molecular  envelopes,  and  so  originating  ethereal  heat- 
waves.    These    waves  at  the  outset  pulsate  in  the  line  of 
propagation;   but,  by  passing   around    the    ethereal  atmos- 
pheres  of   molecules,    become    converted     into    waves    at- 
tended with  transverse  vibrationa     The  other  force  of  molec- 
ular repulsion  originates  in  the  direct  repulsion  subsisting 
between  the  diverse  atoms  of  the  electric  envelope.     This  force 
originates  waves  that  proceed  outward  through  the  electric  ether 
from  different  depths  in  the  envelope.   These  waves  must  increase 
in  their  intensity  at  the  outset  from  the  lowest  depth  upward, 
to  a  certain  height  in  the  envelope,  by  reason  of  the  increase  in 
the  quantity  of  ether  that  is  effective^  repellant     On  the  other 
hand  the  attractive  waves,  that  issue  m>m  various  points  of  the 
envelope,   must  decrease  outward  in  their  intensity  at  their 
origin.     It  thus  happens  that  the  resultant  waves,  which  may  be 
taken  to  represent  the  entire  actions  of  these  two  systems  of 
waves,  must  be  conceived  to  proceed  from  different  depths; 
which  depths  may  therefore  be  taken  as  the  upper  and  lower 
limits  of  the  effective  envelope.     This  is  ecjidvalent  to  one  of 
the  principles   adopted  in  the  mathematical  theory  of  the 
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molecular  forces  developed  in  my  former  memoir;  viz.  that 
the  attractive  waves  proceed  from  the  lower  limit  of  the 
electric  atmosphere,  or  envelopje,  and  the  waves  of  electric 
repulsion  from  the  upper  limit  In  the  memoir  referred 
to  it  was  shown  that  the  entire  action  of  one  atom,  or 
rather  primitive  molecule,  on  another,  amounts  to  a  repulsion 
at  the  more  minute  distances,  and  an  attraction  at  greater 
distances  up  to  a  certain  limit,  beyond  which  it  becomes  a 
repulsion  to  an  indefinitely  great  distance.  The  first  men- 
tioned, or  inner  repulsion,  and  the  attraction,  are  the  forces 
which  determine  and  maintain  the  solid  and  liquid  condition 
of  matter,  and  the  outer  repulsion  constitutes  the  expansive 
force  of  vapors  and  gases.  The  extraneous  heat  that  a  body  * 
may  receive  is  a  distinct  force  of  repulsion,  modifying  the 
natural  curve  of  molecular  action. 

Origin  of  Chemical  AUractiony  and  of  Electric  and  Magnetic 
Forces. — ^The  electric  envelopes  of  atoms,  besides  being  the  source 
of  the  molecular  forces,  including  the  primary  heat-repulsion, 
invests  the  molecules  of  each  substance  with  the  property  of 
chemical  attraction  for  the  molecules  of  other  su  ostances  to 
which  they  bear  a  certain  physical  relation.  This  consists  in 
the  disturbance  of  the  equal  distribution  of  the  ether  in  the 
envelopes  of  two  contiguous  heterogeneous  molecules;  imder 
their  natural  molectdar  action,  by  reason  of  which  the  molecules 
become  oppositely  polarized  on  their  adjacent  surfaces — the  one 
having  an  excess  oi  the  electric  fliiid  and  the  other  a  deficiency. 
The  attraction  thus  originating  may  prevail  over  the  natum 
molecular  repulsion  that  comes  into  play  when  the  two  liquids 
come  into  contact,  and  bring  the  molecules  within  the  range  of 
their  natural  attraction. 

The  state  of  molecular  electric  polarization,  superinduced 
under  certain  varied  circumstances,  originates  the  galvanic  cur- 
rent, and  determines  the  phenomena  of  electro-static,  electro- 
dynamic,  and  magneto-electric  induction.  The  attraction  and 
repulsion  of  electric,  and  of  magnetic  currents,  may  be  ascribed 
to  the  origination  and  maintenance  of  currents  in  the  adjacent 
body  of  luminiferous  ether,  running  in  the  same  direction  as 
the  electric  or  magnetic  currents.  These  currents  determine 
inequalities  of  elastic  force  in  this  moving  mass  of  ether,  from 
which  result  transverse  currents.  These  transverse  currents  take 
effect  upon  the  line  of  the  electric  or  magnetic  current  because 
they  are  partially  intercepted  by  it  The  induction  of  one  elec- 
tric or  magnetic  current  by  another,  is  effected  by  the  interven- 
tion of  currents  directly  induced  in  the  adjacent  body  of 
luminiferous  ether. 

The  key  to  the  explanation  of  the  excitation  of  electricity 
by  friction  lies  in  the  fact  made  out  in  my  former  paper,  tiiat 
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the  electric  ether  is  condensed  between  the  component  molecules 
of  each  compound  molecule  of  a  substance;  and  that  every 
expansion  of  the  compound  molecule  sets  free  a  certain  portion 
of  this  condensed  ether,  and  every  condensation  withdraws  a 
certain  portion  from  adjacent  molecules  that  are  undisturbed. 
If  two  dissimilar  surfaces  are  rubbed,  the  one  over  the  other, 
the  consequent  disturbance  of  the  compound  molecules  of  the 
two  surfeces,  will  be  either  unlike  or  unequal  in  amount ;  and 
a  certain  quantity  of  electricity  will  in  consequence  pass  from 
the  one  surface  to  the  other.  As  soon  as  the  jfriction  ceases  the 
disturbed  molecules  will  recover  their  original  form  and  size, 
and  the  positive  state  of  the  one  surface  and  the  negative  state 
of  the  other  will  manifest  themselves.  For  example,  if  the 
molecules  of  the  one  surface  are  compressed  by  the  rubbing, 
and  those  of  the  other  expanded,  electricity  will  flow  from  the 
latter  to  the  former  while  the  condensation  and  expansion  are 
going  on,  but  as  soon  as  two  rubbing  molecules  are  freed  from 
each  other's  influence  they  recover  their  former  dimensions,  and 
the  excess  of  the  electric  fluid  in  one  of  the  molecules  and 
deficiency  in  the  other  become  positive  and  negative  electric 
states.  Non-conduction  consists  in  a  comparative  deficiency  of 
electric  ether  in  the  interval  between  contiguous  compound 
molecules,  by  reason  of  which  a  transmission  of  electric  move- 
ment does  not  readily  occur  from  one  to  the  other.  I  have  shown 
in  my  paper  on  Molecular  Physics  that  in  such  cases  an  electric 
polarization  of  the  molecules  is  induced,  which  develops  a  resist- 
ance to  the  electro-motive  force. 

The  excitation  of  electricity  by  heat  is  conceived  to  be  prin- 
cipally due  to  the  expansive  action  of  heat  on  the  electric 
envelopes  of  primitive  molecules,  and  on  the  compound  molecules, 
which  either  sets  free  a  certain  portion  of  electric  ether,  or 
establishes  a  chain  of  electro-polanzed  molecules.* 

General  Considerations. — The  Theory  of  Cosmical  and  Mole- 
cular Physics,  of  which  I  have  now  given  a  brief  outline,  rests 
essentially  upon  the  following  principles. 

(1.)  The  doctrine  of  inertia  applicable  to  all  matter. 

(2.)  The  existence  of  a  single prirnary  force  of  repulsion  exerted 
by  every  atom  upon  every  other  atom.  This  force  is  universally 
admitted  to  be  in  operation  between  the  atoms  of  the  luminife- 
rous  ether,  and  between  the  atoms  of  ordinary  matter  and  this 
ether  at  the  most  minute  distancea 

(3.)  The  existence  of  hut  one  primary  form  of  elementary  matter^ 
viz :  the  universal  or  luminiferous  ether ; — ^the  atoms,  so  called, 
of  ordinary  matter  and  of  the  electric  ether  being  but  different 
masses  of  condensed  luminiferous  ether.     The  theory  of  the 

^  For  the  more  complete  expositioii  of  my  theoretical  views  I  must  refer  the 
reader  to  tbe  memoir  on  Molecular  Physica 


Digitized  by  VjOOQ  IC 


W.  A.  Norton  on  Molecular  and  Oosmical  Physics.         88 

origin  of  universal  gravitation  that  has  been  propounded  might 
be  reconciled  with  the  ordinary  notion  of  matter,  viz :  that  its 
atoms  are  essentially  different  from  those  of  the  ether,  if  we 
could  admit  that  the  resistance  of  an  ordinary  atom  to  a  force 
giving  it  motion  was  proportional  to  its  surfoce  instead  of  its 
mass. 

(4).   The  doctrine  of  the  interception  offorce^  as  already  set  forth/ 

(5).  The  primary  force  of  repulsion  is  made  up  of  impulses 
recurring  with  an  immeasurable  rapidity.  This  is  no  new  hy- 
pothesis. In  all  treatises  on  Mechanics,  gravity,  and  all  incessant 
forces,  are  conceived  to  consist  of  an  indefinitely  great  number 
of  impulses  taking  effect  in  a  finite  interval  of  time. 

If  we  conceive  the  propagation  of  the  primary  force  of  repul- 
sion to  be  by  the  intervention  of  a  medium,  this  medium  must 
be  an  ether  more  subtile,  and  endued  with  a  more  intense  elastic 
force  than  the  luminiferous.  This  elastic  force  must  consist  in 
a  mutual  repulsion  between  the  atoms.  Thus,  upon  the  idea  of 
a  material  j)ropagation  of  force,  we  must  ultimately  rest  upon 
the  conception  of  a  force  exerted  between  two  atoms  separated 
by  a  finite  though  excessively  minute  interval  of  space.  There 
is  no  tenable  position  between  this  and  that  of  a  plenum. 

Let  us  here  devoutly  acknowledge  that  in  tnus  following 
the  chain  of  cause  and  eflfect  into  the  precincts  of  that  most 
deepljj^  hidden  of  all  mysteries,  the  ongin  of  force,  we  have 
come  into  the  presence  of  the  Infinite  Spirit  who  puts  forth 
unceasingly,  from  every  point  in  the  realms  of  space.  His  crea- 
tive and  sustaining  power  upon  the  subtile  matter  that  fills  all 
space,  and  is  the  essential  substance  of  all  worlds. 

In  addition  to  the  principles  just  stated,  we  recognize  the 
existence  of  matter  in  the  three  states  of  the  luminiferous  ether, 
the  electric  ether,  and  ordinary  matter. 

It  hardly  need  be  stated  that  among  the  consequences  of  these 
fundamental  principles  is  included  the  doctrine  of  the  Oonserva- 
turn  of  Energy,  actual  and  potential  It  is  obvious  that  at  any 
point  in  the  boimdless  sea  of  ether  the  same  amount  of  cosmical 
force  would  be  received  from  every  direction,  but  for  the  exist- 
ence of  the  innumerable  worlds  dispersed  through  it  It  is 
also  true  that  in  the  mutual  gravitation  of  each  pair  of  cosmical 
bodies,  resulting  from  the  interception  of  the  cosmical  force,  the 
amount  of  this  force  expended  in  giving  motion  to  the  one  body 
will  be  expended  in  precisely  opposite  directions  in  giving 
motion  to  the  other  body ;  so  that  on  the  whole  the  cosmic«3 
force  in  operation  in  any  one  direction  is  equal  in  amount  to 
that  ia  operation  in  the  opposite  direction.  Also  the  amount 
of  energy  taken  up  in  the  naif  revolution  during  which  the  one 
revolving  body  is  approaching  the  other,  is  given  out  during 
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the  remaining  half  revolution  in  which  it  is  receding  and 
returning  to  me  original  position.* 

The  kindred  principle  of  the  mutual  convertibility,  or  "  Cor- 
relation of  Physical  Forces,"  including  among  these  the  living 
force  of  moving  bodies  and  of  the  atoms  of  all  bodies,  is  obvi- 
ously an  essential  feature  of  our  general  theory.  For  heat  is 
regarded  as  being  in  its  origin  a  wave  of  translation  in  the 
luminiferous  ether,  and  an  electric  current  is  a  similar  wave  in 
the  electric  ether,  and  the  conversion  of  one  of  these  into  the 
other,  or  into  the  motions  of  ordinary  matter,  is  merely  the 
transfer  of  the  living  force  of  moving  matter  from  one  of  the 
states  or  forms  of  matter  to  another.  The  heat  developed  in 
chemical  attraction,  is  the  amount  of  living  force  in  the  waves 
of  luminiferous  ether  originated  by  the  compression  of  the  elec- 
tric envelopes  of  the  uniting  molecules ;  and  the  force  of  attrac- 
tion is  expended  in  the  act  of  originating  these  waves,  and  must 
be  equal  to  the  living  force  propagated  m  them.  In  the  chem- 
ical union  of  two  atoms,  or  primitive  molecules,  the  "  clash  of 
atoms "  that  takes  olace  cannot  be  succeeded  by  a  perfectly 
elastic  mutual  repulsion,  since  such  a  repulsion  would  com- 
pletely separate  them,  and  restore  them  to  tneir  condition  before 
the  attraction  came  into  operation.  Now  the  loss  of  elasticity, 
which  renders  the  union  possible,  consists  in  the  outward  move- 
ments imparted  to  a  certain  portion  of  the  luminiferous  ether 
Iving  between  the  uniting  atoms  and  their  electric  envelopes,  by 
tne  forcible  compression  of  the  envdopes,  resulting  from  the 
clash  of  the  atoms ;  and  these  movements  constitute  also  the 
living  force  of  heat  developed. 

The  heat  produced  by  extraneous  pressure,  or  by  impact,  is 
the  work  done  by  the  force  of  pressure  in  compressmff  the 
molecular  envelopes,   in  opposition  to  the  resistance  erf  the 

♦  The  ever-recurring  pulaes  of  the  primary  oosmical  force,  emanating  from  all 
the  atoms  of  the  one,  primary  matter,  are  directly  consumed  in  communicating  op- 
poBite  movements,  or  virtual  movements,  to  every  atom  in  the  universe.  It  is,  as  I 
conceive,  because  in  the  existing  condition  of  things  the  distribution  of  matter  is 
unequal  in  different  directions  around  a  point,  and  therefore  the  partial  interception  of 
the  impulses  of  the  oosmical  force  along  the  different  lines  of  db-ection  unequal,  that 
an  effective  gravitating  force  exists.  ^Oie  entire  amount  of  the  oosmical  force  oon- 
sumed  in  any  interval  of  time  is  the  amount  intercepted  by  all  the  atoms  of  matter, 
and  is  independent  of  the  motions  that  result  frcnn  the  inequalities  just  noticed. 
Ghravitation,  and  molecular  and  diemical  attractions  which  originate  in  the  gravita- 
tion of  electric  ether  toward  atoms  of  ordinary  matter,  are  then  derivative  foroes, 
incidental  to  the  direct  actions  exerted  by  the  oosmical  force  upon  the  atoms.  The 
heat  which  escapes  from  the  sun,  or  any  oosmical  body,  into  space,  represents  only 
a  certain  amount  of  the  general  gravitating  foroe  previously  expended  in  imparting 
movements,  in  waves  of  translation,  to  the  luminiferous  ether.  The  electric  oar- 
rent,  wherever  it  exists,  represents  a  certain  amount  of  the  same  force,  expended 
in  imparting  similar  movements  to  a  certain  quantity  of  electric  ether  at  Hie 
source  of  the  current  In  other  words,  the  escaping  heat  and  the  electric  current 
each  represents  a  certain  amount  of  work  done,  eitiber  by  the  gravitating  tenden- 
cy of  electric  ether  toward  ordinary  atoms,  or  by  that  of  ordinary  atoms  toward 
each  other. 
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luminifeiDus  ether  posited  below  them,  transfonned  into  the 
accumulated  work  of  the  ethereal  wftves  set  in  motion  by  this 
compression.  The  deficiency  of  elasticity,  essential  to  the 
development  of  the  heat,  consists  in  this  escape  of  the  ether  in 
waves  of  translation,  and  the  attendant  loss  of  living  force ; 
and  the  permanent  compression  of  the  impinging  bodies  results 
firom  the  change  in  the  molecular  forces,  consequent  upon  the 
permanent  compression,  or  forcing  inward  of  the  molecular 
envelopes. 

The  principle  of  the  "Correlation  of  Physical  Forces,*- 
involves  (as  above  implied)  with  it  that  of  the  "Conserva- 
tion of  Force,"  maintained  by  modem  physicists,  viz :  that  all 
transformations  of  one  physical  force  mto  another  take  place 
without  any  loss,  and  therefore  the  store  of  living  force 
in  existence  in  nature  is  invariable. 

The  idea  seems  now  to  be  commonly  entertained  that  the 
entire  force  in  operation  in  the  universe  is  the  result  of  certain 
motions  imparted  to  all  matter  at  the  creation,  and  so  being 
ever  equivalent  to  the  living  force  embodied  in  these  primordim 
motions,  must  be  invariabla  But  a  gravitating  force  is  always 
operating  to  deflect  each  revolving  body  from  the  tangent  to 
its  orbit,  and  a  certain  amount  is  continually  being  expended 
in  this  act,  so  that  if  the  force  of  gravitation  were  due  to 
preestablished  motions,  it  would  be  continually  wasting  away, 
and  the  entire  amount  of  force  in  the  universe  would  be  per- 
petually diminishing.  The  sum  total  of  the  individual  forces 
taking  effect  throughout  all  nature  may  indeed  be  constant,  but 
if  so  it  is  because  me  flux  of  the  primary  force  of  repulsion  is 
uniform,  and  is  consumed  primarily  by  interception  from  all  . 
atoms,  incidentally  in  maintaining  the  motions  of  revolution 
of  all  the  cosmical  bodies  (in  the  universe),  and  all  the  molecu- 
lar forces  perpetually  neutralizing  each  other  within  these 
bodiea 

From  our  present  point  of  view  we  may  also  discern  that  the 
physical  forces,  ordinarily  so  called,  have  an  entirely  different 
origin  from  that  above  mentioned.  We  may  perceive  that  they 
are  all  either  the  direct  or  indirect  result  of  the  operation  of  the 
general  force  of  gravitation,  which  is  itself  a  consequence  of  the 
operation  of  the  cosmical  force  of  repulsion.  Gravitation  is  the 
direct  agent  in  two  general  classes  of  phenomena,  viz:  the 
revolution  of  one  cosmical  body  around  another,  and  the  act 
of  condensation  of  every  such  body  upon  its  center  of  gravity. 
In  the  former  the  motion  is  curvilinear,  and  all  the  living  force 
imparted  by  gravity  to  either  body,  while  the  two  are  approach- 
ing each  other,  is  taken  out,  by  the  operation  of  tne  same 
force  in  opposite  directions,  while  they  are  receding  from  each 
other;  and  this  alternation  has  continued  from  the  first  without 
loss  of  living  force,  from  one  revolution  to  another.    But,  in  the 
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act  of  fonnation  of  the  existing  cosmical  masses  by  condensation, 
the  motions  of  their  elementary  parts  have  been  directed  toward 
the  center  of  gravity  of  the  mass,  and  the  mutual  destruction 
of  such  opposing  motions  has  developed  an  equivalent  amount 
of  living  force  in  the  form  of  heat,  that  is  in  the  form  origin- 
ally of  waves  of  translation  proceeding  from  the  ethereal 
atmospheres  of  the  condensed  molecules.  By  the  continued 
operation  of  the  gravitating  force,  in  the  sun  and  earth,  and 
probablv  in  innumerable  other  worlds,  the  transformation  of 
the  work  of  condensation  effected  bv  this  force  into  an  equiva- 
lent store  of  heat-work  is  constantly  going  on.  The  heat  of 
chemical  combination,  as  well  as  that  of  liquefaction  and 
solidification,  are  attributable  to  the  gravitation  of  the  electric 
ether  toward  the  atoms  of  ordinary  matter.  All  the  heat  and 
attendant  light  evolved  since  the  creation  form  a  store  of  accu- 
mulated work  equivalent  to  the  work  done  by  the  force  of  gravi- 
tation in  effecting  all  the  condensations  that  have  hitherto  taken 
j)lace.  This  heat  and  light  force  has  been  in  its  natural  opera- 
tions opposed  to  the  force  of  gravitation,  and  so  essentially  a 
separating  and  decomposing  force.  It  has  been  the  great  physi- 
cal agent  m  all  the  processes  of  vegetable  and  animal  life.  It  has 
ever  been  passing  through  cycles  of  transformation  into  other 
physical  forces,  but  in  all  its  transformations  the  entire  amount 
of  energy,  actual  and  potential,  has  remained  invariably  the  same. 
Chemical  combination,  the  electric  current,  liquefaction,  and  so- 
lidification, are  instances  of  motion  directly  due  to  the  general 
gravitating  force  operating  on  the  electric  ether.  All  motions 
of  translation  or  rotation  of  bodies  at  the  earth*s  surface  are 
traceable  directly  to  the  same  force,  or  to  that  of  heat  repulsion 
and  therefore  indirectly  to  that  of  gravitation.  We  may  accord- 
ingly lay  down  the  postulate,  that  the  entire  circle  of  what  are 
termed  physical  forces  have  originated  in  the  living  force  of  the 
motions  of  condensation  that  have  resulted  from  the  natural 
operation  of  the  general  gravitating  force,  initiated  at  the  dawn 
of  creation  and  continued  through  all  time.  The  very  process 
of  formation,  by  gradual  condensation,  of  the  worlds  that  peo- 
ple immensity,  has  developed  the  natural  forces  which  have 
presided  and  continue  to  preside  over  all  the  processes  of  chanffe 
that  diversify  and  beautify  their  surfaces,  and  fit  them  to  be  the  • 
abodes  of  hving  beings.  These  diverse  natural  agents  are 
but  the  offspring  of  the  one  overshadowing  force,  which,  in 
the  progress  of  countless  ages  has  formed  all  worlds  out  of  the 
primordial  material  fashioned  by  the  Hand  of  the  Creator.  We 
may  indeed,  as  we  have  seen^  rise  to  a  still  greater  height  of 
conception,  and  refer  this  universal  force  to  a  primal  force  of 
cosmical  repulsion,  associated  by  the  Infinite  Spirit,  the  Source 
of  all  Power,  with  every  atom  of  the  one  primeval  matter  that 
fills  immensity,  and  is  the  elementary  substance  of  all  worlda 
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Art.  IV. — The  Photo-mapper;  by  Henry  M.  Parkhurst. 

It  is  a  remarkable  fact  that  while  vision  is  by  far  the  laost 
accurate  of  our  senses,  aiding  us  almost  exclusively  in  obtain- 
ing accurate  measures,  we  have  as  yet  discovered  no  method  of 
measuring  the  intensity  of  light  The  method  of  measuring 
the  brightness  of  a  star  by  extinction,  for  example,  is  in  fact 
merely  a  method  of  assistmg  the  eye  in  estimation.  If  we  were 
to  measure  the  diameter  of  a  sphere  by  removing  it  to  such  a 
distance  that  it  should  cease  to  be  visible  and  multiplying  that 
distance  by  a  certain  constant ;  or  by  subdividing  it  until  we 
could  divide  it  no  longer,  or  until  the  atoms  should  have  no  ap- 
preciable weight,  and  multiplying  by  a  constant ;  it  would  be 
analogous  to  determining  the  brightness  of  a  star  by  ascertain- 
ingwnat  proportion  of  its  light  is  too  small  to  affect  the  retina. 

The  true  mode  of  measurement  is  by  substraction  of  certain 
known  quantities.  To  illustrate  the  advantage  of  this,  were 
the  difference  of  brightness  of  Arcturus  and  Capella  but  .01™, 
that  difference  would  be  visible  to  the  naked  eye ;  and  were  it 
but  ,0001™,  it  would  be  easily  visible  with  telescopic  aid. 
Could  we  construct  a  glass  which  would  transmit,  not  a  certain 
proportion  of  the  whole  light  of  a  star,  but  all  its  light  exceed- 
mg  a  certain  absolute  quantity,  it  would  aflbrd  us  a  perfect  pho- 
tometer. Or  could  we  construct  a  glass  which  should  transmit 
polarized  light,  but  which  would  not  transmit  common  light, 
that  would  accomplish  the  same  result  But  in  the  mean  time 
we  may  be  allowed  to  designate  estimations  assisted  by  mechan- 
ical means  as  measures  of  the  magnitude  of  a  star. 

My  first  experiments  in  determining  by  mechanical  means 
the  magnitude  of  stars  observed  in  zones,  and  recording  that 
magnitude  at  the  time  of  observation  on  star-maps  taken  by 
the  instrument  described  in  the  Journal  for  September,  were 
made  in  1865.  I  then  constructed  a  hexagonal  diaphragm  so 
arranged  that  a  series  of  six  plates  over  the  object  glass,  moved 
simultaneously  by  a  lever  extending  the  length  of  the  telescope, 
gradually  diminished  the  aperture  until  the  star  ceased  to  oe 
visible.  I  connected  this  lever  with  the  system  of  levers  ope- 
rated by  the  star-key,  and  recorded  upon  the  map,  in  the  same 
right-ascension  with  each  star,  a  point  whose  position  indicated 
the  aperture  at  the  moment  of  extinction,  and  therefore  gave 
by  a  prepared  scale  the  magnitude  of  the  star. 

My  next  step  was  to  avoid  the  long  and  cumbrous  lever  by 
adopting  the  principle  of  the  apparatus  invented  by  me  in  1860, 
and  which  I  term  a  Bar  Photometer,  reducing  the  cone  of  light 
fix>m  a  star  at  a  point  intermediate  between  the  object-glass  and 
its  focus,  instead  of  directly  reducing  the  aperture  at  the  object- 
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At  a  convenient  point,  say  one-eighth  of  the  distance  fix)m 
the  focus  to  the  object-glass,  I  place  in  the  meridian  a  straight 
bar  one-eighth  of  the  diameter  of  the  object-glass  in  wicWi. 
Clamping  the  telescope  a  little  to  the  west  of  a  star,  the  cone  of 
light  IS  OTadually  intercepted  by  the  bar,  and  gradually  re-ap- 
pears. The  time  during  which  the  star  is  extinguished,  or  dur- 
mg  which  it  remains  of  less  brightness  than  a  standard  artifi- 
ci5  star  in  the  field,  indicates  the  brightness  of  the  star  by  the 
proportion  of  the  light  cut  off  by  the  bar  at  the  moments  of 
occultation  and  reappearance. 

A  modification  of  this  plan,  is  to  make  the  bar  wider,  so  that 
it  shall  become  a  diaphragm,  with  a  central  aperture  of  the 
width  of  the  cone  of  rajrs,  observing  the  duration  of  appari- 
tion instead  of  the  duration  of  occultation  of  the  star. 

By  either  of  these  methods  the  scale  may  be  made  one  of 
equal  parts  by  a  device  similar  to  that  which  will  presently  be 
explained.  With  or  without  such  a  device,  this  method  is  well 
adapted  for  observations  of  small  variable  stars,  requiring  no 
apparatus  but  the  bar,  whose  distance  fi'om  the  focus  shsdl  be 
so  determined  that  photometric  accuracy  shall  not  be  sacrificed, 
while  there  shall  be  no  unnecessary  consumption  of  time.  In- 
deed a  plain  Bar  Photometer  can  at  any  time  be  extemporized 
in  a  few  minutes.  Its  adjustment  in  width  or  distance  is  not 
essential,  because  its  position  and  width  can  be  determined  and 
the  proper  connections  made  without  difficulty  after  the  obser- 
vations. 

A  further  modification  of  this  plan,  is  to  revolve  the  dia- 
phragm 90°,  and  make  it  movable  in  declination,  occultating 
the  star  on  both  sides  of  the  center  of  the  field,  the  magnitude 
being  indicated  by  the  extent  of  the  motion,  which  mav  be  con- 
veniently and  accurately  measured,  with  a  dim  light,  by  a  pair 
of  dividers. 

By  a  still  fiirther  modification,  the  motion  of  the  diaphragm 
may  be  produced,  by  means  of  intermediate  levers,  by  tne  star- 
key  of  my  star-mapper ;  and  this  constitutes  the  Photo-mapper, 
which  I  will  now  more  particularly  describe. 

The  diaphragm  is  moved  parallel  to  itself  in  an  arc  corres- 
ponding to  that  described  by  the  star-point  and  star-key,  being 
supported  and  guided  by  two  parallel  bars  whose  bearings  are 
screwed  to  the  east  side  of  the  telescope  tuba  The  diaphragm 
being  seven-eighths  of  the  distance  fi'om  the  object-glass  to  its 
focus,  the  length  of  the  supporting  bars  is  seven-eiffhths  of  the 
radius  of  the  star-point  As  1  use  a  camera-prism,  which  slightly 
shortens  the  focus,  I  have,  in  mv  instrument,  made  the  proper 
corrections,  but  need  not  here  rerer  to  details  of  that  descnption. 

On  the  same  center  with  the  star-point,  and  star-point-bar, 
shown  in  fig.  1  of  my  article  on  the  Star-mapper,  is  another  bar 
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placed  parallel  to  the  axis  of  the  telescope,  pointing  toward 
the  object-glass.  The  farther  end  of  this  magnitude-bar  is  con- 
nected at  right  angles  by  a  connecting-rod  witn  universal  joints, 
with  the  upright  arm  oi  a  lever,  the  lower  arm  of  which  is  the 
lower  supportmg-bar.  The  length  of  this  upright  arm  and  of 
the  magmtude-bar  must  be  equal  In  photo-mapping  I  place 
the  prism  always  in  the  meridian,  to  avoid  the  complicated  ad- 
justments which  would  be  necessary  if  its  position  were  to  be 
varied. 

As  the  diaphragm  will  move  seven-eighths  as  fast  as  the  star- 
point,  it  is  evident  that  if  it  is  so  adjusted  that  it  will  not  inter- 
cept any  of  the  light  of  a  star  in  the  center  of  the  field  when, 
tiie  star-point  is  brought  to  the  declination  of  that  star,  then  in 
mapping  a  northern  or  southern  star  in  the  field  its  light  will  be 
unobstructed.  But  moving  the  star-key  to  the  north  or  south 
of  a  star  will  intOTcept  part  of  its  rays.  The  light  of  the  star 
being  thus  equalized  with  that  of  a  standard  artificial  star,  or 
extinguished,  as  the  case  may  be,  a  magnitude  mark  is  impressed 
on  the  paper.  The  star  is  then  mapped  in  its  proper  position, 
and  the  distance  upon  the  map,  of  the  magnitude  mark  from 
the  corresponding  star,  will  be  the  measure  of  the  magnitude 
of  that  star. 

A  perpendicular  plate,  with  a  circular  hole  through  which  the 
connecting-rod  passes,  furnishes  a  convenient  point  from  which 
to  measure  with  dividers  when  the  instrument  is  used  without 
the  mapper. 

Thus  fiir  I  have  spoken  of  the  "  cone  "  of  rays,  as  if  the  aper- 
ture were  circular.  If  it  were  so,  the  scale  of  magnitudes 
would  not  be  one  of  equal  parts.  It  may  be  made  one  of  equal 
parts  by  placing  over  the  ooject-glass  an  outer  diaphragm  with 
an  aperture  of  suitable  form,  and  making  the  aperture  of  the 
inner  diaphragm  of  corresponding  form. 

Let  x=2*5[y]  be  the  equation  of  a  logarithmic  curve.  Then, 
the  area  between  any  two  ordinates  of  that  curve  will  be 
2'5M  Ay  ;  M  being  Modulua  Constructing  for  the  obiect-glass 
of  6  inches  aperture  a  diaphragm  bounded  by  four  such  curves, 
with  values  of  x  ranging  from  — 1*5  inches  to  +1'5  inches,  lay- 
ing oflF  a;  vertically,  above  and  below  the  center,  and  y  to  the 
right  and  left,  and  a  similar  inner  diaphragm  of  one-eighth  the 
lineal  dimensions,  neglecting  for  the  present  the  portion  of  the 
curve  which  will  pass  outside  of  the  circle,  it  will  be  seen  that 
the  motion  of  each  one-fourth  of  an  inch  of  the  inner  dia- 
phragm will  leave  an  area  corresponding  to  stars  exactly  one 
magnitude  smaller.  The  motion  of  the  star-point  will  be  one- 
aeventh  greater,  and  of  the  star-key  still  greater,  according  to 
the  scale  of  the  map. 
But  while  the  object-glass  is  limited,  the  inner  aperture  may 
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extend  beyond  the  corresponding  circle  of  one-eightli  the  diam- 
eter. If  therefore  an  area  equal  to  twice  the  omitted  portion  of 
the  curves  above  and  below  is  added  to  the  inner  diaphragm, 
it  wUl  be  almost  immediately  available,  and  the  omission  from 
the  outer  aperture  will  cause  an  error  of  less  than  1",  and  that 
only  at  the  commencement  of  the  scale.  The  proper  form  of 
this  added  portion  is  the  inversion  of  the  last  l-™2  of  the  curve 
within  the  circle,  the  final  value  of  y  being  exactly  three  times 
its  value  at  the  margin  of  the  disk. 

With  the  diaphragms  thus  constructed,  the  scale  runs  through 
3*™0  as  a  scale  of  equal  parts.  Beyond  that  point  the  star  may 
still  be  extinguished,  if  not  too  near  the  center  of  the  field ; 
but  the  scale  will  be  condensed.. 

The  stars  occurring  in  any  zone  may  be  divided  into  three 
classes:  those  above  the  6 -"5  being  approximately  measured 
by  the  condensed  scale,  and  being  so  few  in  number  that  they 
may  be  conveniently,  as  well  as  more  accurately,  measured  by 
a  different  method,  to  be  explained  below ;  those  between  the 
6 '"5  and  the  9*°5,  which  may  be  equalized  in  brightness  with 
an  artificial  star  in  the  field  previously  brought  to  an  equality 
with  a  9 '"5  star ;  and  those  fainter  than  the  9 '"5,  which  may  be 
extinguished.  The  outer  diaphragm  will  so  diminish  the  aper- 
ture mat  12 -"S  stars  will  be  tne  smallest  which  can  be  seen. 

The  Disk  Photometer. — For  the  brighter  stars  I  employ  an  en- 
tirely different  apparatus,  based  upon  a  more  accurate  method. 
I  expand  the  stars  into  disks  by  drawing  out  the  eye-piece  be- 
yona  the  focus,  until  a  portion  of  the  disk  shining  through  an 
aperture  in  the  field  of  view  shall  either  be  exactly  equal  in 
brightness  with  an  adjacent  luminous  disk,  or  be  imperceptible. 
The  extinction  of  a  disk  by  expansion  is  only  practicable  with 
a  small  aperture  or  with  telescopic  stars,  and  is  not  much,  if 
any,  more  accurate  than  extinction  by  reducing  the  aperture. 
But  comparison  of  disks,  especially  for  the  stars  visible  to  the 
naked  eye,  is  the  most  accurate  means  of  measurement  known 
to  me,  the  error  of  the  comparison  being  in  my  experience  less 
than  the  inequalities  of  the  artificial  disk,  and  the  latter  much 
less  than  those  of  the  sky. 

The  star  and  the  disk  can  be  compared,  if  desired,  by  the  aid 
of  polarization,  by  the  use  of  a  double-refracting  prism  to  com- 
bine the  two  disks  into  one,  and  a  selenite  plate  and  another 
double-refracting  prism  to  form  new  colored  disks ;  but  instead 
of  producing  the  final  adjustment  by  further  polarization,  the 
bundle  of  plates  may  be  dispensed  with,  and  the  disks  render- 
ed colorless  by  the  motion  of  the  eye-piece. 

For  convenience  I  have  made  a  slide  with  six  equal  open- 
ings, to  shade  the  disk  with  neutral  shades,  and  a  slide  to  shade 
the  star.     I  ascertained  that  one  shade  was  equivalent  to  1*°*08, 
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and  that,  although  I  admit  the  rule  would  not  be  accurate  with 
colored  shades,  five  neutral  shades  were  equivalent  to  5*"15. 
It  is  therefore  convenient  to  compare  directly  stars  differing  as 
much  as  «  and  A  Ursae  Minoris.  In  order  to  neutralize  the  yel- 
low color  of  the  artificial  disk,  and  to  make  it  appear  indistin- 
ffuishable  fi:om  the  visible  portion  of  the  disk  oi  a  star,  I  have 
found  it  necessary  to  use  a  blue  shade.  I  have  extended  the 
telescope  by  various  tubes,  sometimes  nearly  two  feet ;  but  with 
the  use  of  the  slides  I  find  that  a  tube  five  inches  long  to  hold 
the  eye-piece,  usually  gives  sufficient  extension  to  the  telescope 
and  sufficient  range  of  brightness.  The  amount  of  the  exten- 
sion I  measure  with  dividers,  using  a  prepared  scale  which 
gives  directly,  in  magnitudes,  the  difference  in  brightness  be- 
tween the  observed  star  and  a  standard  depending  on  the  bright- 
ness of  the  disk. 

The  disk  photometer  is  especially  useful  for  observing  the 
brighter  variable  stars.  It  is  inapplicable  for  determining  the 
brightness  of  stars  so  close  together  that  the  space  between 
them  is  not  sufficient  for  a  disk ;  but  in  this  case  it  may  be  used 
to  determine  the  aggregate  brightness  of  the  two  stars.  It  may 
be  used  for  measuring  the  brightness  of  planets,  small  nebulfie 
and  comets,  probably  of  the  moon,  and  possibly  of  the  sun. 

The  same  apparatus  may  be  used  to  determine  the  compara- 
tive brightness  of  different  portions  of  the  sky,  but  requires  a 
different  process. 

The  error  of  the  determination  of  the  magnitude  of  a  star 
by  the  method  of  equalizing  disks,  may  be  divided  into  four 
parts: 

L  The  error  of  the  assumed  magnitude  of  comparison  stars. 
In  my  series  of  observations,  instituted  to  determine  the  rela- 
tive amount  of  the  several  errors,  this  error  hardly  exceeds  ""'Ol. 

n.  The  error  of  observation,  or  inaccuracy  of  judgment  as  to 
the  e±act  point  where  the  disks  are  equalized.  Not  only  accor- 
ding to  the  statements  of  Arago,  Silliman,  and  Crookes,  redu- 
ced by  myself,  but  according  to  my  own  results,  the  error  of 
observation — ^I  refer  to  the  mean  error — does  not  exceed  "02, 
in  a  series  of  stellar  observations  averaging  forty  to  the  hour. 
For  feinter  stars  than  I  observed  in  my  series,  the  error  of  ob- ' 
servation  is  greater.     There  are  three  limitations : 

1.  One  disk  cannot  be  distinguished  in  brightness  from  an- 
other, unless  one-sixtieth  brighter  or  fainter,  according  to  Arago. 

2.  One  disk  cannot  be  distinguished  as  brighter  than  another, 
if  the  subtraction  of  the  light  of  the  fainter  disk  from  the  other 
would  leave  a  disk  too  faint  to  be  visible  by  itself.  The  same 
principle  is  applicable  to  points  of  light  U nless,  therefore,  the 
aisk  is  at  least  sixty  times  as  bright  as  is  necessary  for  visibil- 
ity, the  error  of  observation  will  be  greater. 
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8-  If  the  disk  is  small,  the  accuracy  of  comparison  is  im- 
paired Hence  points  of  light  cannot  be  as  accurately  compared 
as  disks.  I  have  used  a  disk  of  an  apparent  magnitude  of  at 
least  I'',  and  have  not  investigated  the  amount  of  error  with  a 
smaller  disk. 

UL  The  error  fix)m  the  variation  of  the  artificial  disk  during 
observation.  I  have  made  many  and  careful  experiments  to 
render  this  error  as  small  as  possible,  and  to  avoid  ascribing  to 
the  irregularity  of  the  sky  discrepancies  which  might  be  owing 
to  variations  of  the  artificial  disk  The  brightness  of  the  arti- 
ficial disk  may  vary  from  four  causes : 

1.  The  illuminating  quality  of  the  gas  may  vary.  Hence 
observations  on  different  evenings  cannot  be  compared  directly. 
But  the  change  of  the  gas  will  be  so  slow,  excepting  probably 
from  the  heating  of  the  apparatus  when  it  is  first  lighted,  as  not 
to  appreciably  affect  the  results. 

2.  From  variation  of  the  pressure  the  flame  may  be  made 
larger  and  brighter.  I  first  partially  corrected  this  by  forming 
upon  the  screen  an  image  of  a  circle  of  the  flame  05  in.  in  di- 
ameter. I  afterwards  made  a  gas  regulator,  admitting  the  gas 
into  an  inverted  receiver  suspended  at  one  end  of  a  lever,  the 
other  end  of  which  gradually  shut  off  the  gas  as  the  receiver 
rose ;  so  that  whatever  the  pressure  of  gas  in  the  mains  there 
should  be  no  variation  in  the  flame. 

3.  The  flame  varies  in  different  parts.  Hence,  if  on  turning 
the  telescope  upon  a  new  star  the  lantern  is  not  accurately  ad- 
justed to  a  horizontal  position,  a  brighter  or  fainter  portion  of 
the  flame  will  come  opposite  the  aperture.  The  flame  as  a 
whole  having  been  made  uniform  by  tne  regulator,  I  have  intro- 
duced a  smoothly  ground  glass  at  the  aperture  nearest  the  flame, 
and  reduced  the  flame  and  mov^  it  turther  back,  so  as  to  use 
the  whole  flame. 

4.  The  light  from  the  star  is  a  sharp  cone,  wholly  entering 
the  eye  even  if  withdrawn  several  inches  from  the  eye-piece. 
The  light  from  the  illuminated  screen  is  a  hemisphere.  Unless 
therefore  the  eye-piece  renders  the  rays  parallel,  which  it  will 
not  if  the  observer  is  either  near-sighted  or  far-sighted,  a  differ- 
ence in  the  distance  of  the  eye  will  greatly  affect  the  results. 
I  have  therefore  turned  the  plane  glass  in  the  eye-piece  so  as  to 
throw  the  light  directly  into  the  eye,  reducing  the  aperture  of 
the  lenses  so  that  the  cone  of  rays  from  the  artificial  disk  near- 
ly corresponds  with  that  from  the  star.  It  is  necessary  that  the 
eye  should  be  held  so  that  both  cones  shall  completely  enter  it 
at  once,  which  can  be  easily  accomplished  but  requires  care. 

The  error  from  the  variation  of  the  artificial  disc,  without  the 
gas  regulator,  I  ascertained  not  to  exceed  ">"04.  How  much 
this  has  been  reduced  by  introducing  the  regulator  and  ground 
glass  screen,  I  have  no  means  of  estimating. 
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IV.  After  allowing  for  the  previous  errors,  amounting  in  the 
aggr^ate  to  less  than  «n'05,  the  remaining  discrepancies  of  ob- 
servation of  invariable  stars  must  arise  trom  variations  of  the 
apparent  brightness  of  the  stars  from  atmospheric  obscuration. 
I  oivide  this  into  two  parts : 

L  The  general  and  permanent  obscuration  depending  on  the 
altitude  of  the  star.  I  have  ascertained  that  tnis  follows  the 
law  of  refiraction;  but  the  coefficient  varies  in  amount  on  dif- 
ferent evenings,  sometimes  eaualling  ">*oO  for  an  altitude  of  20®, 
and  at  other  times  not  exceeoing  one-third  that  amount  I  ap- 
ply the  correction  for  obscuration  to  each  star,  in  reducing  the 
obBcrvations,  so  as  to  eliminate  this ;  and  I  therefore  regard  it 
as  no  part  of  the  error  of  observation.  The  correction  may  be 
easily  applied  without  directly  determining  the  altitudes,  by  a 
prepared  scala 

2.  The  temporary  and  local  obscuration,  from  various  atmos- 
pheric causes.  By  more  than  400  observations  of  18  stars  of  the 
2nd  to  the  4th  magnitude,  «  Persei  and  y  Arietis  being  the  ex- 
tremes, I  found  that  the  average  mean  error  of  an  observation,  from 
all  causes,  amounted  to  "»'ll ;  so  that  the  mean  error  from  the  tem- 
porary and  local  obscuration  alone  is  on  the  average  "» '10.  There 
IS  a  great  difference  between  different  days ;  the  average  mean 
error  of  all  the  stars  being  sometimes  as  low  as  '"O?  for  a  whole 
evening,  and  at  other  times  for  an  evening  apparently  equally 
dear,  as  high  as  «»*20.  The  difference  between  the  stars  is  no 
less  conspicuous.  The  stars  b  and  y  Persei  are  near  each  other, 
and  nearly  of  the  same  brightness.  Yet  the  mean  error  of  an 
observation  of  y  Persei,  assuming  it  to  be  an  invariable  star,  is 
nearly  three  times  as  great  as  of  «  Persei 

It  13  evident  therefore  that  if  the  results  I  have  reached  are 
even  approximately  correct,  the  errors  of  observation  and  of 
the  instrument,  if  ordinary  care  is  used,  are  of  no  material  con- 
sequence ;  and  accurate  results  can  only  be  obtained  by  multi- 
plying observations  on  different  evenings,  so  as  to  eliminate  as 
ikr  as  possible  the  errors  arising  from  the  variations  of  the  sky. 


Abt.  V. — On  the  Crater  of  ffaleakala,  Island  of  Maui^  Hawaiian 
Group;  by  Prof  W.  D.  Ai^exander.  (From  a  letter  to  one 
of  the  Editors.) 

I  flAVE  just  been  spending  a  summer  vacation  on  Maui,  and 
in  the  course  of  it  made  a  careful  survey  of  the  great  crater  of 
Haleakala.  During  the  vacation  I  went  three  times  to  the  sum- 
mit The  first  time  I  rode  up  from  Makawao  before  sunrise,  and 
spent  about  seven  hours  in  collecting  mineral  specimens  and 
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plants,  and  forminff  a  plan  for  the  survey  of  the  crater.  The 
flora  of  this  region  nas  been  described  befora  I  will  only  say 
that  the  principal  plants  that  survive  on  the  bleak  summit  are 
the  Argyroxiphium^  Baillardia  mo7itana^  ViUadinia^  and  some 
stunted  ferns,  viz :  Pteris  aquilina  and  Trichomanes,  In  the 
belt  between  one  and  four  miles  from  the  summit,  in  addition 
to  the  above,  are  found  the  beautiful  Geranium  cuneatum^ 
Sophora  chrysophylla,  Sandalwood,  Coprosma,  and  a  few  ohelos 
(  Vacdmum  reticulatum).  Water  boiled  at  193°  Fahrenheit  when 
the  atmosphere  was  at  46°  Fahrenheit  At  sunrise  we  enjoyed 
the  grand  sight  of  the  vast  triangular  shadow  of  the  mountain 
projected  on  the  clouds  in  the  western  sky. 

On  the  morning  of  August  4th,  I  ascended  the  mountain  again 
fix)m  Makawao,  with  five  natives,  and  furnished  with  a  superior 
theodolite,  a  dozen  large  bamboos  for  signal  poles,  a  good  tent, 
and  provisions  for  a  week.  We  spent  seven  days  on  the  moun- 
tain, and  enjoyed  almost  uninterrupted  fine  weather. 

We  commenced  operations  by  setting  signals  on  the  prom- 
inent points  along  the  western  side  of  the  crater.  The  west- 
em  cliffs  are  very  steep,  though  it  is  possible  to  descend  in 
many  places,  and  are  from  2,000  to  2,500  feet  high.  We 
pitcned  our  tent  on  the  lee  side  of  a  hill  near  the  southwest 
comer,  called  by  the  natives  "  Pakaoao  "  or  the  "  fortress  of 
Kaoao."  This  nill  is  composed  of  a  light  gray  solid  clink- 
stone, which  splits  into  lammse  like  slate. 

It  has  been  much  shattered,  probably  by  the  terrible  convul- 
sions that  attended  the  opening  of  the  Koolau  gap,  and  for  a 
quarter  of  a  mile  toward  the  northwest  the  ground  is  strewed 
with  fragments  of  rock  that  have  been  hurled  in  that  direction. 
These  rocks  form  a  striking  contrast  with  the  darker  and  more 
basaltic  rock  to  the  northward  The  same  formation  crops  out 
on  the  east  side  of  the  Koolau  gap,  at  the  southern  foot  of 
Hanakauhi  in  the  oasis  surrounded  by  recent  lava,  at  which 
place  it  projects  from  the  hill  side  in  the  form  of  huge  perpen- 
dicular slabs  or  lamellar  masses,  not  more  than  ten  feet  thick, 
and  from  thirty  to  fifty  feet  high,  standing  out  of  the  grassy 
slope  like  immense  grave  stones.  The  patches  of  gravel  on  the 
summit  contain  numerous  crystals  of  augite.  The  hill  called 
the  fortress  of  "  Kaoao "  is  partially  terraced  on  the  lee  side, 
and  is  covered  with  hundreds  of  little  inclosures  built  of  stone, 
three  or  four  feet  high,  and  paved  with  thin  flat  pieces  of  clink- 
stone. I  noticed  that  a  few  had  been  covered  over  with  a  kind 
of  slate  roof  Here,  according  to  tradition,  encamped  the  army 
of  Kaao,  a  chieftain  who  had  been  driven  out  of  Kaupo  by  his 
rival,  some  time  in  the  early  part  of  the  last  century.  We 
found  a  couple  of  ancient  sling  stones  in  the  camp.  Many 
silver-swords  {Argyroxiphium)  and  other  plants  have  grown  up, 
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flourished  and  died  in  the  pas  where  his  army  once  encamped. 
I  was  told  that  they  drew  their  supplies  from  Kula^  the  district 
on  the  west  sida  Other  natives  relate  that  the  sandalwood 
cutters  used  to  encamp  there  forty  or  fifty  years  ago,  when  col- 
lecting sandal  wood  for  their  chi^fe.  The  chief,  Kaao,  was 
finally  defeated  and  killed  in  a  battle  fought  on  the  west  side 
of  the  mountain. 

Our  supply  of  water  was  brought  from  a  water-hole  two  or 
three  miles  west  of  Kalahaku,  which  is  only  known  by  a  few  of 
the  natives.     We  spent  three  nights  on  the  spot 

About  a  quarter  of  a  mile  farther  south  is  a  red  scoria  hill, 
which  is  the  highest  point  of  the  mountain,  2,750  feet  above 
the  bottom  of  the  crater.  It  is  the  first  of  a  long  line  of  scoria 
hills  which  extends  to  the  sea  on  the  southwest,  passing  through 
Capt  Makee's  plantation,  and  is  called  Kolekole, 

The  true  meridian  was  obtained  by  careful  observations  on 
the  pole  star  when  on  the  meridian  taken  at  this  point  and  also 
at  the  east  end  of  the  base  line  in  the  crater.  The  fact  had 
been  noticed  before  that  there  is  a  considerable  local  attraction 
in  the  walls  of  this  crater.     I  found  that  certain  rocks  of  a  com- 

?act  bluish  lava  on  the  highest  point  were  decidedly  magnetic, 
ieces  of  this  rock  have  distinct  polarity.  There  was  evidently 
a  large  daily  variation  of  the  neeole ;  between  sunrise  and  noon 
the  needle  moved  at  least  half  a  degree  westward,  and  re- 
turned to  its  former  position  at  night  On  the  morning  of  the 
5th  there  was  a  heavy  frost  around  our  camp,  the  thermometer 
at  sunrise  standing  at  38**  Fahr.  The  average  temperature  at 
noon  was  72°  in  the  shade;  the  temperature  in  the  crater 
averaged  about  4?  higher.  After  selectmg  stations  and  setting 
up  signal  flags  along  the  western  and  southern  sides  of  the 
crater,  we  descended  into  it  at  the  southwest  comer,  along  an 
immense  sloping  bank  of  reddish  sand  and  scoria.  We  then 
marked  out  a  base  line  more  than  a  mile  and  a  half  long  over 
a  level  plain  at  the  foot  of  the  southern  wall  of  the  crater. 

This  plain  was  sprinkled  with  myriads  of  silver-swords 
{Argyroxtphium\  many  of  which  were  in  ftdl  bloom,  present- 
ing a  magnificent  sight  These  plants  are  most  abundant  over 
the  volcanic  sand  in  the  central  part  of  the  crater.  Both  in 
descending  into  the  crater  and  on  our  return,  we  followed  a 
beaten  path,  which  leads  through  the  southeast  gap  to  Kaupo. 
Our  party  were  somewhat  afiected  by  the  rarity  of  the  air ;  we 
all  experienced  shortness  of  breadth,  and  some  complained  of 
headache,  but  after  spending  a  week  in  this  region,  we  became 
accustomed  to  the  air,  and  our  "wind"  improved  wonderfully. 
The  natives  have  manv  local  names  for  diflerent  parts  of  the 
crater.  The  term  Haleakala  properly  belongs  to  the  southeast- 
em  part  of  the  mountain,  extending  two  miles  west  from  the 
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Kaupo  gap  to  the  low  place  in  the  wall  of  the  crater,  called  the 
" Puali    or  pass  of  " Koanui o  Kane" 

On  the  eastern  side  is  a  famous  rock  called  Pohaku  Palaha, 
which  is  the  "  hub"  of  East  Maui,  from  which  all  the  boutidaries 
between  lands  are  believed  to  radiate. 

The  next  day,  the  6th,  we  moved  our  tent  and  baggage  four 
or  five  miles  into  the  crater,  and  encamped  near  a  cave  called 
"  Ke  ana  ma  ka  luihi,"  i,  e,  the  smoky  cave,  half  a  mile  from  a 
trickling  stream  on  the  southern  wall  called  "the  water  of 
Palaoa.  This  place  we  made  our  head-quarters  for  three  days, 
during  which  we  enjoyed  almost  cloudless  weather,  and  our 
survey  made  rapid  progress. 

There  is  much  more  vegetation  in  the  eastern  end  of  the 
crater  than  in  the  western.  On  the  sloping  walls  of  this  part 
of  the  crater,  and  on  the  three  easternmost  cones  we  noticed  a 
good  many  mountain  plants,  such  as  Dodoncea,  Sopfiora^  Rail- 
lardia  and  Geranium,  and  on  the  summit  of  the  southeastern 
walls  of  the  crater,  we  observed  clumps  of  large  treea  This 
vegetation  gave  this  region  a  very  different  aspect  from  the  stem 
desolation  of  the  western  end.  rTear  the  commencement  of  the 
Kaupo  gap,  close  to  the  road,  there  is  a  famous  water-hole  called 
^^Kawaipaniy  Here,  as  I  am  told,  there  is  a  subterranean 
stream  of  pure  cold  water,  two  or  three  feet  below  the  surface, 
which  is  reached  through  a  small  hole  in  the  rock,  which  was 
formerly  kept  closed  by  a  large  stone,  whence  its  name,  "  the 
closed  water." 

The  scenery  around  us  was  entirely  unique,  and  as  grand  in 
its  way  as  that  of  the  Yosemite  valley.  The  vast  plain  sur- 
rounded by  black  precipices  nearly  twentjr  miles  in  circum- 
ference, and  from  1,000  to  2,500  ^t  in  height,  with  the  two 
wide  breaks  through  which  we  had  glimpses  of  the  distant 
ocean,  the  sixteen  crater  cones,  of  different  colors,  gray,  red  and 
black,  the  profound  solitude  and  silence  broken  only  by  the 
flocks  of  wud  goats,  formed  a  scene  to  which  it  woula  not  be 
easy  to  find  a  parallel  elsewhere  in  the  world.  I  ascended  seve- 
ral of  these  cones  in  the  course  of  my  triangulation,  and  found 
the  highest  to  be  over  750  feet  in  height  above  its  base.  An- 
other measured  390  feet,  and  several  are  over  200  feet  in  height 
They  are  composed  of  light  scoria  and  cinders,  generally  of  a 
deep  reddish  color,  but  two  are  of  a  peculiar  gray  tint,  and 
others  nearly  black.  I  found  no  traces  of  sulphur  and  very 
little  pumice.  The  cones  all  have  their  ancient  names,  which 
are  known  only  by  the  mountaineers  and  old  nativea  For 
instance,  the  highest  cone  is  called  "  Ka  lua  o  ka  Oo"  the  cra- 
ter of  the  Oo,  and  was  the  f(»rmer  residence  of  Kamohoalii, 
Pele*3  younger  brother,  "the  king  of  vapor,"  of  whom  many 
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l^endB  are  tolA  Another  was  called  "  Ka  tun  o  Pele,^^  Pele's 
bone,  and  close  by  it  on  the  north  side  is  the  Papuaa  o  Pele^  or 
"  Pele's  pig-pen,"  This  is  a  singular  natural  formation  of  lava, 
about  two  rods  square  and  ten  feet  high,  with  an  opening  on 
the  northwest  side.  Some  of  my  men  believed  that  if  any  one 
should  kaha,  i  e.,  scratch  the  sand  in  this  place  or  otherwise 
desecrate  the  sacred  precinct,  the  evil  spirits  of  the  mountain 
would  bring  on  fog  and  rain*  A  similar  superstition  attaches 
to  the  Argyroociphiumj  or  sUver-sword  plant     The  natives  also 

Xrt  a  bottomless  hole  on  the  northwest  part  of  the  crater, 
ih  I  did  not  visit,  but  which  has  been  seen  by  my  fetherand 
others. 

After  returning  to  our  first  camp  on  the  summit,  we  spent 
another  day  in  visiting  the  stations  aroimd  the  south  and  west 
sides,  and  measuring  the  remaining  angles,  and  returned  to 
Makawao  late  in  the  evening  of  the  11th.  After  having  worked 
up  my  notes  and  drawn  a  map  of  the  crater,  I  visited  the  sum- 
mit once  more  on  the  25th,  to  compare  my  map  with  the  ori- 
ginal on  the  spot,  and  to  make  the  details  more  exact 

According  to  the  results  of  my  survey,  the  crater  is  of  an  oval 
shape,  its  longest  diameter  being  nearly  east  and  west,  unlike 
most  of  the  Hawaiian  volcanoes,  the  major  axes  of  which 
generally  range  north  and  south.  The  greatest  length  of  the 
crater  was  found  to  be  about  seven  and  a  half  miles  from  east 
to  west,  the  width  being  from  two  and  a  quarter  to  three  miles. 
The  area  is  about  sixteen  square  nules. 

The  highest  point  was  determined  by  the  United  States  Ex- 
ploring Expedition  to  be  10,217  feet  above  the  level  of  the  sea, 
and  2 j83  feet  above  the  bottom  of  the  crater.  I  made  its 
height  by  triangulation  2,750  feet  above  the  east  end  of  my 
base  line  in  the  crater.  The  boiling  water  experiment  gave  an 
altitude  of  10,165  by  Regnault*s  rule,  which  is  certainly  a  close 
approximation. 

The  northern  or  Koolau  break  is  about  three  miles  wide,  and 
over  2,000  feet  deep,  where  it  first  leaves  the  crater.  The 
western  brink  of  it  bears  about  N.  64*^  E.  The  bottom  of  it  is 
floored  with  streams  of  lava  of  different  ages,  and  is  extremely 
ruffied. 

The  southeast  or  Kaupo  break  is  about  a  mile  and  a  quarter 
wide,  and  its  direction  for  the  first  three  or  four  miles  is  about 
S.  58°  E.  The  lava  flow  then  turns  to  the  southward,  and 
continues  in  the  direction  S.  84°  E.  to  the  sea,  spreading  out 
in  the  form  of  a  delta,  and  filling  up  the  lower  part  of  several 
laree  ravines. 

The  appearance  of  the  lava  fields  and  cones  in  the  eastern 
end,  and  the  vegetation  on  them  seem  to  indicate  that  thev  are 
far  more  ancient  than  those  in  the  western  end.    The  latest 
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action  in  the  crater  seems  to  have  been  the  formation  of  the 
cinder  cones  in  the  southwestern  part 

To  conclude,  the  survey  has  impressed  me  with  the  convic- 
tion that  this  is  a  real  terminal  crater,  and  not  merely  "a  deep 
gorge  open  at  the  north  and  east,"  or  a  caldera.  I  have  indeed 
heard  tne  theorv  proposed  that  the  mountain  is  but  the  wreck 
of  a  complete  dome  with  a  small  terminal  crater,  the  whole  top 
of  which  has  fallen  in  and  been  carried  away,  as  is  supposed  to 
have  been  the  case  with  some  of  the  volcanoes  of  Java,  and 
the  Caldera  of  Palma.  Such  questions  I  leave  for  geologists  to 
settle,  and  if  I  can  furnish  them  any  new  data  on  the  subject, 
I  shall  be  quite  content 

Oahu  CoUege,  Oct.  12,  1869. 


Abt.  VL — On  a  new  method  of  separating  Tin  from  ArseniCy 
Antimony y  and  Molybdenum;  by  Frank  Wiggleswobth 
Clarke,  S.B. 

Some  time  since,  happening  to  notice  that  the  remarkable 
highly  crystalline  precipitate  formed  by  oxalic  acid  in  a  solu- 
tion of  stannous  chlorid  was  not  blackened  or  otherwise  affec- 
ted by  sulphuretted  hydrogen,  I  was  led  to  a  series  of  experi- 
ments concerning  the  action  of  the  above  named  acid  upon  cer- 
tain metallic  sulphids,  and  obtained  the  following  results.  * 

Both  sulphids  of  tin,  if  moist,  and  freshly  precipitated,  are 
readily  decomposed  by  moderately  lonjg  boiling  with  an  excess 
of  oxalic  acid,  H^S  being  given  oft  The  monosulphid  is  con- 
verted into  the  insoluble,  crystalline  stannous  oxalate,  while 
the  jellow  disulphid  is  completely  dissolved.  The  commercial 
"  mosaic  gold,"  however,  seems  to  be  imacted  upon  by  the  re- 
agent In  presence  of  an  excess  of  oxalic  acid,  tin  cannot  be 
precipitatea  by  H^S. 

The  sulphids  of  arsenic,  even  upon  very  long  boiling  with 
the  acid,  are  almost  unattacked.  Very  minute  traces  of  the 
metal  sometimes  go  into  solution,  but  may  be  reprecipitated  by 
a  bubble  or  two  of  H,S.  Accordingly,  the  presence  even  of 
an  enormous  excess  of  oxalic  acid  does  not  hinder  the  precip- 
itation of  arsenic  as  sulphid. 

The  sulphid  of  antimony  behaves  in  a  somewhat  different 
manner.  Although  upon  long  boiling  with  oxalic  acid  consid- 
able  quantities  of  the  metal  are  taken  into  solution,  yet  every 
trace  of  it  majr  be  reprecipitated  by  H^S. 

Molybdic  trisulphid  appears  to  be  wholly  unattacked  by 
oxalic  acid,  even  upon  very  long  boiling. 

With  the  sulphids  of  tungsten  I  have  obtained  discordant 
results.    Under  certain  circumstances  they  seem  to  be  wholly 
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insoluble  in  the  acid,  while  at  other  times  they  are  decoinposed 
completeljTr  and  partly  taken  into  solution. 

By  availing  myself  of  the  solubility  of  the  sulphids  of  tin 
in  oxalic  acid,  I  have  been  enabled  to  separate  tin  perfectly 
from,  arsenic  and  molydenum,  and  almost  perfectly  from  anti- 
mony. When  only  arsenic  and  antimony  are  to  be  separated  from  , 
tin,  I  find  it  best  to  proceed  as  follows :  to  the  solution  contain- 
ing the  three  metals,  this  solution  being  prepared  in  the  usual 
manner  for  the  precipitation  of  the  sulphids,  I  add  oxalic  acid 
in  the  proportion  of  about  twenty  grams  of  the  reagent  for 
every  gram  of  tin,  taking  care  to  have  the  whole  so  concentra- 
ted that  the  acid  will  crystallize  out  in  the  cold.  I  then  heat 
to  boiling,  and  pass  in  sulphuretted  hydrogen  for  about  twenty 
minutes.  No  precipitate  appears  at  first,  but  as  soon  as  the 
Uquid  is  saturated  with  the  gas,  the  sulphids  of  arsenic  and 
antimony  begin  to  fiiU,  and  in  a  very  few  moments  are  com- 

!)letelv  thrown  down.  Then,  as  usual,  the  whole  should  be  aJ- 
owea  to  stand  about  half  an  hour  in  a  warm  place  before  fil- 
tering. Every  trace  of  arsenic  and  antimony  is  precipitated, 
so  that  in  the  filtrate  from  the  sulphids  neither  of  these  metals 
can  be  discovered  by  Marsh's  test,  nor  can  any  antimony  stain 
be  produced  with  zinc  upon  platinum.  I  have  carefully  exper- 
imented to  learn  whether  oxalic  acid  could  interfere  with  either 
of  these  tests,  and  find  that  it  has  not  the  slightest  influence 
upon  them.  The  sulphid  of  arsenic  is  absolutely  free  from 
tin,  but  the  antimony  always  carries  down  a  minute  trace  of 
that  metal  with  it  This  trace,  however,  if  the  operation  has 
been  carefully  performed,  can  scarcely  be  detected,  and  gen- 
erally may  be  ignored  with  safetv.  If,  however,  the  greatest 
accuracy  is  desimi,  it  may  be  well  to  redissolve  the  sulphid  of 
antimony  in  an  alkaline  sulphid,  decompose  the  solution  with 
an  excess  of  oxalic  acid,  boil  with  a  little  strong  sulphydric 
acid  water,  filter,  and  add  the  filtrate  to  the  tin  solution  previ- 
ously obtained. 

To  separate  tin  from  molybdenum,  owing  to  the  difficulty  of 
precipitating  the  latter  metal  with  HjS,  I  have  been  obliged  to 
slightly  vary  my  process.  I  find  that  by  adding  an  alkaline 
sulphid  in  excess  to  a  solution  containing  a  molybdate,  then 
decomposing  the  sulphur  salt  formed  with  a  considerable  quan- 
tity of  dilute  chlorhydric  acid,  and  allowing  the  whole  to  stand 
over  night  in  a  warm  place,  every  trace  of  molybdenum  is  pre- 
cipitated. The  sulphid  thus  obtained  can  be  easily  wasned 
with  a  mixture  of  dilute  chlorhydric  acid  and  ammomc  chlorid. 
If  now,  by  this  process  we  throw  down  tin  and  molybdenum 
together,  every  trace  of  the  former  metal  may  be  dissolved  out 
by  boiling  the  mixed  sulphids  for  about  three  fourths  of  an  hour 
with  oxalic  acid  in  the  proportions  which  I  have  already  given. 
Am.  Joub.  Sot.— Sbcohd  Sbmbs,  Vol.  XUX,  No.  146.— Jah.,  1870. 
4 
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It  is  test  to  have  present  in  the  solution,  while  boiling,  a  little 
dilute  chlorhydric  acid. 

If  antimony  also  is  contained  in  the  mixture,  it  is  necessaiy, 
just  before  ceasing  to  boil,  to  add  to  the  solution  an  equal  vol- 
ume of  strong  sulphydric  acid  water,  to  reprecipitate  any  of 
that  metal  which  may  have  gone  into  solution.  Upon  filtering 
no  molybdenum  can  be  detected  in  the  filtrate  by  any  ordi- 
nary tests,  and  the  molybdic  sulphid  is  absolutely  free  from  tin. 
In  all  these  cases  it  is  assumed  that  the  tin  is  in  the  form  of 
a  stannic  compound.  It  must  be  borne  in  mind  that  the  lower 
sulphid  of  this  metal  is  converted  by  the  acid  into  an  oxalate 
insoluble  in  water.  But  as  the  latter  dissolves  to  an  almost  un- 
limited extent  in  dilute  HCl,  its  formation  need  not  interfere 
with  an  analysis. 

Since  the  presence  of  oxalic  acid  interferes  somewhat  with 
the  complete  precipitation  of  tin  by  ordinary  methods,  I  was 
subjected  to  some  trouble  in  finding  a  process  for  determining 
that  metal  after  the  separation.  At  last  I  found  it  could  be 
thrown  down  as  follows;  the  solution,  after  being  rendered 
slightly  alkaline  with  ammonia,  is  mixed  with  enough  ammonic 
sulphid  to  redissolve  the  precipitate  at  first  formed,  an  excess 
of  acetic  acid  is  added,  and  the  whole  allowed  to  rest  several 
hours  in  a  warm  place.  Acetic  acid  must  be  used,  for  stronger 
acids  would  be  liable  to  set  free  some  of  the  oxalic  to  redissolve 
the  tin.  The  precipitate  which  at  first  varies  from  white  to 
pale  yellow,  rapidly  darkens  in  color,  and  seemingly  consists 
of  a  mixture  of  oxyd  and  sulphid  of  tin.  It  should  be  washed 
with  a  solution  of  ammonic  nitrate,  and,  after  ignition,  is 
weighed  as  SnOg.  In  two  successive  experiments,  in  which  I 
mixed  a  weighed  quantity  of  tin  with  unknown  proportions  of 
arsenic  and  antimony,  I  received  of  the  tin,  after  making  my 
separation,  respectively  99*93  and  99*57  per  cents.  The  loss  in 
the  second  case  was  due  to  my  not  having  allowed  the  tin  pre- 
cipitate to  settle  sufficiently  long  before  filtering,  in  other  words, 
to  incomplete  precipitation. 

The  arsenic  and  antimony,  being  in  the  form  of  sulphids, 
may  be  estimated  bv  any  of  the  ordinary  methods.  They  may 
be  best  separated  dv  Bunsen's  process  with  sulphurous  acid, 
which,  though  far  frdm  perfect,  is  superior  to  all  others.  Lens- 
sen's  methoa,  in  which  the  arsenic  is  precipitated  from  the  sul- 
phur solution  of  the  two  metals  as  ammonia-magnesian  arsen- 
ate, is  worthless. 

A  couple  of  years  ago  I  made  a  few  experiments  upon  in- 
directly determining  the  proportions  of  tin  and  antimony  in 
alloys  of  the  two  metals.  I  oxydized  a  weighed  quantity  of 
the  alloy  with  nitric  acid  in  a  porcelain  crucible,  heated  the 
resulting  oxyds  with  ammonic  nitrate,  and  then,  regarding  the 
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tin  as  converted  into  SnOj  and  the  antimony  into  SbjO^,  cal- 
culated the  proportions  of  the  metals  from  the  increase  in 
weight  This  method,  "although  by  no  means  giving  me  accu- 
rate results,  served  very  well  for  rough  approximate  determina- 
tions. I  cite  it  here  smiply  as  an  easy  and  convenient  process 
for  obtaining  a  close  idea  of  the  constitution  of  any  alloy  com- 
posed of  the  two  metals.  Possibly  the  method  might  be  so 
modified  as  to  give  accurate  determinations. 


Art.  VIL — Notes  on  the  structure  of  the  Crinoidea^  Cystidea,  and 
Blastoidea;  by  E.  BiLLiNGS,  F.G.S.,  Palaeontologist  of  the 
Geological  Survey  of  Canada. 

[(Continued  from  tiiis  Journal,  II,  vol  ilviii,  p.  83.] 

5.  On  the  homologies  of  ffie  respiratory  organs  of  the  Pakeozoic 
and  recent  Uehinoderms,  and  on  the  "  Convoluted  Plate"  of  the 
Orinoidea. 

In  a  former  note  I  have  advanced  the  opinion  that : — "  The 
grooves  on  the  ventral  disc  of  Oyathocrinus  and,  also,  the  inter- 
nal '-*' convoluted  plate"  of  the  Palaeozoic  Crinoids,  with  the  tubes 
radiating  therefrom,  belong  to  the  respiratory  and,  perhaps,  in 
part,  to  the  circulatory  systems — not  to  the  digestive  system. 
The  convoluted  plate  with  its  thickened  border  seems  to  fore- 
shadow the  "  oesophageal  circular  canal'-  with  a  pendant  madre- 
poric  apparatus  as  in  the  Holothuridea."  (This  Journal,  11,  vol. 
xlviii,  p.  73).  I  should  have  referred  it  to  the  madreporic  sys- 
tem of  the  existing  Echinodermata  in  general,  instead  of  to 
that  of  the  Holothuridea  in  particular.  At  the  time  the  note 
was  written  I  had  in  view  the  madreporic  sack  of  Holothuria 
which,  as  will  be  shown  further  on,  most  resembles  in  form  that 
of  Actinocrinus.  The  figures  and  descriptions,  which  follow, 
are  intended  to  show  the  gradual  passage  or  conversion  of  the 
respiratory  organs  of  the  Oystidea^  Blastoidea  and  Palceocrino- 
idea  into  the  ambulacral  canal  system  of  the  recent  echinoderms, 
and  that  as  the  convoluted  plates  of  the  former  have  the  same 
structure  and  connections  as  the  madreporic  sacks  and  tubes  or 
sand  canals  of  the  latter,  they  are,  most  probably,  all  the  homo- 
logues  of  each  other. 

Among  the  Cystideans  we  find  several  genera,  such  as  Oryp- 
tocriniies^  Malocystites,  Trochocystites,  and  apparently  some  others, 
whose  test  is  totally  destitute  of  respiratory  pores,  being  com- 
posed of  simple,  solid  plates  like  those  of  the  ordinary  Orinoidea. 
In  a  second  group  of  genera,  among  which  may  T^e  enumerated 
Caryocystitesj    Echindsphoerites^   Pakeocystites   and  Protocystites^ 
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Figp,  1.  The  upper  part  of  Ceyryocrirvus  omatuSj  the  test  being  removed  m  order  to 
show  the  mtemal  structure  of  the  fourteen  hjdrospires  that  surround  the 
summit  The  parallel  lines  represent  the  flat  tubes.  The  other  figures  ex- 
hibit the  modifications  which  the  hjdrospires  undergo  in  passing  through: — 
2.  Oodagter.  3.  Pentremiiea  with  broad  ambulacra.  4.  Pentremites  with  single 
tubes.  5.  PaloBozoic  Crinoida  with  a  convoluted  plate  attached  to  the  centre 
of  radiation.  6.  Sand  canal  or  madreporic  tube  of  a  starfish  inclosing  a  doubl7 
convoluted  plate.  7.  Ambulacral  canals  of  a  starfish  with  the  doubly  convo- 
luted plate  of  the  sand  canal  attached  to  the  oesophageal  ring.  The  following 
letters  have  the  same  reference  in  all  the  figures  in  which  they  occur:  a,  an 
arm  or  ambulacrum ;  m  v,  mouth  and  vent  combined  m  a  single  aperture ;  m  v  «, 
mouth,  vent  and  spirade;  g^  ambulacral  groove; >,  ovarian  pore;  s,  spirade: 
epf  convoluted  plate;  r,  oesophageal  ring. 
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the  whole  of  the  external  int^ument  seems  to  have  been  respir- 
atory, as  all,  or  nearly  all,  of  the  plates  of  which  it  is  composed, 
are  more  or  less  occupied  by  variously  arranged,  poriferous  or 
tubular  structures.  The  Cystideans  of  these  two  groups  hold 
the  lowest  rank  of  all  those  known.  In  their  general  structure 
they  are  mere  sacks  of  a  globular,  ovate  or,  (as  in  the  case  of 
Trodiocystites)  flattened  form.  Their  test  consists  of  an  indefi- 
nite number  of  plates  without  any  radiated  arrangement  They 
were  also,  according  to  our  present  knowledge,  the  first  to  make 
their  appearance,  two  of  the  genera,  Trochocystites  and  Hocystiies^ 
having  been  discovered  in  the  primordial  zone.  No  other  echin- 
oderms  have  been  found  in  rocks  of  so  ancient  a  date. 

Next  in  order  may  be  placed  those  genera  whose  test  is  com- 
posed of  a  definite  number  of  plates,  which  have,  to  some  ex- 
tent, a  quinary  arrangement  Thus,  Olyptocystites^  Echinoen- 
criniies,  Apiocystites  and  several  others,  have  each  four  series  of 
calycine  plat^,  of  which  there  are  four  plates  in  the  basal  and 
five  in  each  of  the  other  three  series.  The  respiratory  areas  or 
hydrospires  are  reduced  in  number — ^ten  to  thirteen  m  Olypto- 
cystites  and  three  in  most  of  the  other  genera  of  the  group. 
Neither  in  the  plates  nor  in  the  hydrospires  is  there  exhibited 
any  tendency  to  a  radiated  arrangement  The  most  ancient  ge- 
nus of  this  family  is  Glyptocystites,  which  first  appears  in  tne 
Chazy  limestone  and  seems  to  have  become  extinct  in  the  Tren- 
ton. The  other  genera  occur  in  various  horizons  between  the 
Chazy  and  the  Devonian. 

In  the  genera  Hemicosmites  and  Garyocrinits  the  hydrospires 
in  the  upper  part  of  the  test  converge  toward,  but  do  not  reach, 
the  central  point  of  the  apex,  thus  forming  the  commencement 
of  that  concentration  and  complete  radiation  which  is  exhibited 
in  the  ambulacral  canal  system  of  the  higher  echinoderms.  In 
a  former  note  (this  Jour.,  11,  xlviii,  p.  77,)  it  is  pointed  out  that 
Caryocrinus  has  thirty  hydrospires, — ^ten  at  the  base  with  their 
longer  diagonals  vertical, — ^a  zone  of  six  round  the  middle  with 
their  diagonals  horizontal  and  a  third  band  of  fourteen  around 
the  upper  part  of  the  fossU.  These  latter  are  represented  in  fig. 
1,  as  if  spread  out  on  a  plane  surface.  On  consulting  this  figure 
it  will  be  seen  that  the  flat  tubes  of  the  hydrospires,  represented 
by  the  parallel  lines,  all  converge  toward  the  central  point  fi^om 
which  the  dotted  lines  radiate.  This  point  is  the  position  of 
the  mouth  in  the  recent  echinoderms,  but  in  Caryocrinus  it  is 
occupied  by  a  large  solid  imperforate  plate.  The  hydrospires 
are  arranged  in  five  groups.  Commencing  at  m  v  and  going 
round  by  1,  2,  &a,  there  are  four  in  the  first  group  ;  one  in  the 
second ;  four  in  the  third ;  one  in  the  fourth  and  four  in  the 
fifth.  These  five  groups  represent  the  five  ambulacral  canals  of 
the  recent  echinodernis.     In  the  specimen  from  which  this  dia- 
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gram  was  constructed  there  are  the  bases  of  fifteen  free  arms  to 
be  seen  situated  at  the  outer  extremities  of  the  dotted  lines. 
At  the  base  of  each  arm  there  is  a  small  pore,  p^  which  I  believe 
to  have  been  exclusively  ovarian  in  its  function.  The  hydro- 
spires  have  no  connection  whatever  with  the  arms  and  are,  more- 
over, all  of  them  entirely  separated  from  each  other.  If  then 
they  represent  the  ambulacral  system  of  the  recent  echinoderms, 
it  is  quite  certain  that  that  system  was  at  first,  (or  in  the  undevel- 
oped stage  in  which  it  existed  in  the  Cystidea,)  destitute  of  the 
oesophageal  ring. 

In  Codaster  a  further  concentration  of  the  respiratory  organs  is 
exhibited.  There  are  here  only  five  hydrospires  and  they  are 
all  confined  to  the  circle  around  the  apex.  Two  of  them  are 
incomplete  in  order  to  make  room  for  the  large  mouth  and  vent 
(m  v,  fig.  2.)  They  are  each  divided  into  two  halves  by  an  arm, 
al,  a2,  &c.  They  are  only  connected  with  the  arms  to  this  ex- 
tent, that  these  latter  lie  back  upon  them.  The  arms  are  pro- 
vided with  pinnulae  but  it  is  not  at  all  certain  that  they  (the  pin- 
nulae)  were  in  any  direct  communication  with  the  hydrospires. 
It  is  evident  that  in  all  the  Cystidea^  (and  in  none  is  it  more  ob- 
vious than  in  Caryocrinus\  there  was  no  connection  between 
the  hydrospires  and  the  pinnula).  The  main  difference  (so  far 
as  regards  the  evidence  of  the  presence  or  absence  of  such  a 
connection)  between  Caryocrinus  and  Codaster ^  consists  in  this, 
that  in  the  former  the  arms  are  erect  and  do  not  touch  the  hy- 
drospires, whereas  in  the  latter  they  are  recumbent  and  lie  back 
upon  them.  Each  of  the  arms  of  Codaster  has  a  fine  ambula- 
cral groove  and  all  of  the  grooves  terminate  in  a  single  central 
aperture.  But  as  this  aperture  was  covered  over  by  a  thin  plated 
integument,  as  in  the  Blastoidea,  I  have  not  shown  it  in  the 
dia^am,  but  only  the  five  pores,  p. 

No  one  who  compares  a  Codaster  with  a  Peniremites  (the  in- 
ternal structure  of  the  latter  being  visible)  can  doubt  that  the 
hydrospires  of  the  two  genera  are  perfectly  homologous  organs. 
If  we  grind  off  the  test  of  a  species  of  the  latter  genus,  selecting 
one  for  the  purpose  which  has  broad  petaloid  ambulacra  such  as 
those  of  P.  Schultziiy  the  structure  exposed  will  be  that  represen- 
ted in  the  diagram,  fig.  3.  In  Pentremites  as  in  Codaster^  the  five 
hydrospires  are  divided  into  ten  equal  parts  by  the  five  rays, 
al,  a2,  &a  In  Codaster  these  ten  parts  remain  entirely  separate 
from  each  other,  but  in  Pentremites  they  are  re-united  in  pairs, 
the  two  in  each  interradial  space,  being  so  connected,  at  their 
inner  angles,  that  their  internal  cavities  open  out  to  the  exterior 
through  a  single  orifice  or  spiracle  (5,  figs.  3  and  4).  This  is 
best  snown  in  fig.  4,  intended  to  represent  the  structure  of  P. 
elkpticus  (Sowerby)  as  described  by  Mr.  Rofe,  GeoL  Mag.,  voL 
ii,  p.  249,     In  this  species  the  hydrospires  instead  of  being 
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formed  of  broad  sacks,  with  a  number  of  folds  on  one  side,  con- 
sist of  ten  simple  cylindrical  tubes  connected  together  in  live 
pairs.  The  only  difference  between  the  structure  of  fig.  3  and 
fig.  4  is  in  the  width  of  the  tubes  and  in  the  absence  of  folds 
in  the  latter.  These  two  forms  are  moreover  connected  by  inter- 
mediate grades.  Species  with  11,  10,  8,  6,  5,  4  and  2  folds  be- 
ing known,  there  is  thus  established  a  gradual  transition  from 
the  broad  petaloid  form  to  the  single  cylindrical  tube. 

Between  the  Cystidea  and  the  Blastoidea  the  most  important 
changes  are,  that  in  the  latter  the  hy drospires  become  connected 
in  pairs,  and,  also,  are  brought  into  direct  communication  with 
the  pinnulse.  In  the  Palaeozoic  Crinoidea  (or  at  least  in  many  of 
them)  concentration  is  carried  one  step  further  forward,  the  five 
pairs  of  hydrospires  being  here  all  connected  together  at  the 
centre  as  m  fig.  5.  There  is  as  yet  no  oesophageal  ring,  (as  I 
understand  it)  but  in  its  place  the  convoluted  plate  described  in 
the  excellent  papers  of  Messrs.  Meek  and  Wortnen  This  organ, 
according  to  tne  authors,  consists  of  a  convoluted  plate,  resem- 
bling in  form  the  shell  of  a  Bulla  or  Scaphander.  It  is  situated 
within  the  body  of  the  Crinoid  with  its  longer  axis  vertical  and 
the  upper  end  just  under  the  centre  of  the  ventral  disc.  Its 
lower  extremity  approaches  but  does  not  quite  touch  the  bottom 
of  the  visceral  cavity.  Its  walls  are  composed  of  minute  poly- 
gonal plates  or  of  an  extremely  delicate  network  of  anastomos- 
ing fibres.  The  five  ambulacral  canals  are  attached  to  the  upper 
extremity,  radiate  outward  to  the  walls  of  the  cup  and  are 
seen  to  pass  through  the  ambulacral  orifices  outward  into  the 
grooves  of  the  arms.     (Ante,  voL  xlviii,  p.  31.) 

The  ambulacral  canals  of  the  Crinoidea  are,  for  the  greater 
part,  respiratory  in  their  function.  They  are,  however,  as  most 
naturalists  who  have  studied  their  stricture  will  admit,  truly 
the  hoiQologues  of  those  of  the  Echinodermata  in  general  In 
the  higher  orders  of  this  class  the  canals  are  usually  more  spe- 
cialized than  they  are  in  the  lower ;  being  provided  with  pre- 
hensive  or  locomotive  organs.  In  all  of  the  existing  orders, 
including  the  recent  Crinoidea,  we  find  an  oesophageal  ring. 

To  this  organ,  which  is  only  a  continuation  of  the  canals,  are 
attached  the  madreporic  appendages.  These  consist  of  small 
sacks  or  slender  tubes  varying  greatly  in  form  and  number  in 
the  different  genera.  That  of  the  Starfish  Asteracanthion  rvbens 
is  thus  described  by  Prof  E.  Forbes.  "  On  the  doraal  surface  is 
seen  a  wart-like  striated  body  placed  laterally  between  two  of 
the  rays :  this  is  the  madreporiform  tubercle  or  nucleus.  When 
the  animal  is  cut  open,  there  is  seen  a  curved  calcareous  col- 
umn running  obliquely  fk)m  the  tubercle  to  the  plates  sur- 
rounding the  mouth ;  Dr.  Sharpejr  says  it  opens  by  a  narrow 
orifice  into  the  circular  vessel.     It  is  connected  by  a  membrane 
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with  one  side  of  the  animal,  and  is  itself  invested  with  a  pretty- 
strong  skin,  which  is  covered  with  vibratile  cilia.  Its  form  is 
that  of  a  plate  rolled  in  at  the  margins  till  they  meet  It  feels 
grixty  as  if  full  of  sand.  When  we  examine  it  with  the  micro- 
scope we  fitid  it  to  consist  of  minute  calcareous  plates,  which 
are  united  into  plates  or  joints,  so  that  when  the  invest- 
ing membrane  is  removed  it  has  the  appearance  of  a  jointed 
column.  Professor  Ehrenberg  remarked  the  former  structure, 
Dr.  Sharpey  the  latter :  they  are  both  right  Both  stinictures 
may  be  seen  in  the  column  of  the  common  cross-fish."  (Forbes, 
British  Starfishes,  p.  73.) 

In  Prof  Joh.  Miiller's  work,  "  Uber  den  ban  der  Echinoder- 
men,"  several  forms  of  the  madreporic  appendages  of  the  different 
groups  of  the  recent  Echinodermata  are  described.  In  gen- 
eral they  are  composed  of  a  soft  or  moderately  hard  skin  con- 
sisting of  a  minute  tissue  of  calcareous  fibres,  or  of  small  poly- 
gonal plates.  The  walls  are  also,  sometimes,  minutely  porif- 
erous. In  all  the  Holothurians  the  madreporic  organ  is  a  sack 
attached  by  one  of  its  ends  to  the  oesophageal  canal,  the  other 
extremity  hanging  freely  down  into  the  perivisceral  cavity,  not 
connected  with  the  opposite  body  wall  as  is  the  sand  canal  of 
the  starfishea  (Op.  cit,  p.  84.)  In  its  consisting  of  a  convolu- 
ted plate  the  madreporic  organ  of  Actinocrinus^  therefore,  agrees 
with  that  of  the  starfishes,  while  in  its  being  only  attached  at 
one  extremitv  it  resembles  that  of  the  HoloSiurians. 

The  convoluted  plate  of  the  Palaeozoic  Crinoids  and  the  mad- 
reporic sacks  and  tubes  (or  sand  canals)  of  the  recent  Echino- 
derms,  therefore,  all  agree  in  the  following  respects : — 

1.  They  have  the  same  general  structnra 

2.  They  are  all  appendages  of  the  ambulacral  system. 

8.  They  are  all  attached  to  the  same  part  of  the  system,  that 
is  to  say,  to  the  central  point  firom  which  the  canals  radiate. 

The  above  seems  to  me  suflScient  to  make  out  at  least  a  good 
prima  fade  case  for  the  position  I  have  assumed.  When  among 
the  petrified  remains  of  an  extinct  animal,  we  find  an  organ 
whicn  has  the  same  general  form  and  structure,  as  has  one  wiat 
occurs  in  an  existing  species  of  the  same  zoological  group,  we 
may,  with  much  probability  of  being  correct  in  our  opinion, 
conclude  that  the  two  are  homologous,  even  although  we  may 
not  be  able  positively  to  see  how  that  of  the  fossil  is  connected 
with  any  other  part  But  when,  as  in  this  instance,  we  can  ac- 
tually see  that  it  is  an  appendage  of  another  organ,  or  system  of 
organs  rather,  which  is  Known  to  be  the  homologue  of  the 
part  with  which  that  of  the  existing  species  is  always  correlated, 
we  have  evidence  of  a  very  high  order  on  which  to  ground  a 
conclusion.     By  no  other  mode  of  reasoning  can  we  prove  that 
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the  column  of  an  Actinocrinus  is  the  homologue  of  that  of  Pen- 
tacrinus  caput  Medusce. 

In  an  important  paper  entitled  "  Remarks  on  the  Blastoidea, 
with  descriptions  of  New  Species"  which  Meek  and  Worthen 
have  kindly  sent  me,  the  authors,  in  their  comments  upon  my 
views,  state  that : — 

"  In  regard  to  the  intemal  convoluted  organ  seen  in  so  many  of  the  AcHnocridcB 
belonging  to  the  respiratory  instead  of  the  digestive  system,  we  would  remark  that 
its  large  size  seems  to  us  a  strong  objection  to  such  a  conclusion.  In  many  instances 
it  so  nearly  fills  the  whole  intemal  cavity  that  there  would  appear  to  be  entirely 
inadequate  space  left  for  an  organ  like  a  digestive  sack,  outside  of  it,  while  the 
volutions  within  would  preclude  the  presence  of  an  independent  digestive  sack 
there.  In  addition  to  this,  the  entire  absence,  so  far  as  we  can  ascertain,  of  any 
analogous,  intemal  respiratory  organ  in  the  whole  range  of  the  recent  Echinoder- 
mcUa,  including  the  existing  Crinoids,  would  appear  to  be  against  the  conclusion 
that  this  is  such,  unless  we  adopt  the  conclusion  of  Dujardin  and  Hup^,  that  the 
Palaeozoic  Crinoids  had  no  internal  digestive  organs,  and  were  nourished  by  absorp- 
tion over  the  whole  surface.  We  should  certainly  think  it  far  more  probable  that 
this  spiral  organ  is  the  digestive  sack,  than  a  part  of  a  respiratory  apparatus." 

The  objection  here  advanced  does  not  appear  to  me  to  be  a 
strong  ona  In  many  of  the  lower  animals  the  digestive  organs 
are  of  inconsiderable  size  in  proportion  to  the  whole  bulk.  In 
the  Brachiopoda,  for  instance,  the  spiral  ciliated  arms  fill  nearly 
the  whole  of  the  intemal  cavity,  the  digestive  sack  being  very 
small  and  occupying  only  a  limited  space  near  the  hinge.  These 
arms,  although  not  the  homologues  of  the  convoluted  plates  of 
the  Palaeozoic  Crinoids,  have  a  strong  resemblance  to  them,  and 
are,  moreover,  at  least  to  some  extent,  subservient  to  respiration. 
They  are  certainly  not  digestive  sacks.  In  the  recent  echino- 
derms  the  intestine  is  usually  a  slender  tube  with  one  or  more 
curves  between  the  mouth  and  the  anus.  It  fills  only  a  small 
part  of  the  cavity  of  the  body,  the  remainder  being  occupied 
mostly  by  the  chylaqueous  fluid,  which  is  constantlv  in  motion 
and  undergoing  aeration,  through  the  agency  of  various  organs, 
such  as  the  respiratory  tree  and  branchial  cirrhi  of  the  Holo- 
thuridea,  the  dorsal  tuouli  of  the  Asteridae  and  the  ambulacral 
systems  of  canals  of  the  class  generally.  In  no  division  of  the 
animal  kingdom  do  the  respiratory  organs  occupy  a  larger  pro- 

?)rtion  of  the  whole  bulk  than  they  do  in  the  Echinodermata. 
he  great  size  which  the  convoluted  plate  attains  in  some  of 
the  Crinoids  is,  therefore,  rather  more  in  favor  of  its  being  a 
respiratory  than  a  digestive  organ. 

Professor  Wyville  Thomson  says  that  inside  of  the  cavity  of 
the  stomach  of  the  recent  Crinoid,  A  niedon  rosdceus^  there  is  a 
spiral  series  of  glandular  folds  which  he  supposes  to  be  a  ru- 
dimentary liver.  (PhiL  Trans.  R  S.,  1865,  p.  625).  It  is  barely 
possible  that  the  convoluted  plate  may  represent  this  organ. 
At  present  I  think  it  does  not 
I  believe  that  the  reason  why  the  convoluted  plate  attained 
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a  greater  proportional  size  in  the  Palaeozoic  Crinoids,  tlian  do 
the  sand  canals  of  the  recent  echinoderms,  is  that  the  function 
of  the  system  of  canals  (of  which  they  are  all  appendages,)  was 
at  first  mostly  respiratory,  whereas  in  the  greater  number  of 
the  existing  groups,  it  is  more  or  less  prehensive  or  locomotive, 
or  both. 

[To  be  coDtinued.] 


Art.  Vni. —  Upon  a  new  Spectroscope^  with  Contributions  to  the 
Spectral  Analysis  of  the  Stars  ;  by  Dr.  J.  C.  F.  ZoLLNER.* 

Stellar  spectrum  analysis,  in  addition  to  its  revelations 
concerning  the  physical  constitution  of  the  heavenly  bodies, 
has  begun  most  recently  to  claim  attention  in  an  increasing 
degree  in  another  no  less  interesting  direction.  With  the  aid 
of  this  method  the  prospect  is  presented  of  proving,  and  under 
favorable  circumstances  also  of  measuring,  what  influence  is 
exerted  on  the  lines  of  the  spectrum  of  a  star  by  the  compo- 
nents of  the  relative  motion  of  the  earth  and  star  along  the 
line  uniting  the  two  bodies. 

A  single  consideration  shows  that  effects  which  two  separated 
bodies  exert  upon  one  another  by  means  of  a  periodical  impulse 
of  a  limited  rapidity  of  propagation  must  be  modified  oy  a 
continual  change  of  the  distance  separating  them.  It  is  Dop- 
pler's  merit  to  have  first,  in  the  vear  1841,  recognized  the 
necessity  of  this  influence,f  although  the  conclusions  which  he 
derived  from  it  with  respect  to  the  color  of  the  stars  must  be 
acknowledged  as  incorrect  by  reason  of  a  disregard  of  the  invis- 
ible parts  of  the  spectrum. 

With  reference  to  sound  this  influence  was  proved  to  be  con- 
formable to  the  demands  of  theory  by  numerous  experiments 
of  Ballot,  Mach  and  others. 

On  the  contrary  with  reference  to  light  it  has  not  been  pos- 
sible hitherto  to  establish  by  observation  a  trustworthy  value 
(sicher  nachweisbare  Grosser)  of  this  influence,  because  even  the 
cosmical  movements,  which  are  the  greatest  at  our  disposal  for 
this  object,  are  very  small  in  comparison  with  the  rapidity  of 
the  propagation  of  light. 

The  great  improvement  however,  which  optical  instruments 
for  the  observ  tion  of  spectra  have  experienced  since  the  dis- 

*  From  the  Proceedings  of  the  Royal  Society  of  Sciences  of  Saxony  at 
Leipzig,  Session  of  Feb.  6,  1869.  Translated  by  A.  N.  Skmner,  assistant  at  the 
.  Dearborn  Observatory,  Chicago,  Illinois. 

f  Doppler,  "  On  the  colored  light  of  double  stars  and  of  some  other  stars  of  the 
heavens."  Transactions  of  the  Bohemian  Society  of  Sciences,  vol  ii,  (1841-42)  p. 
465-482. 
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covery  of  spectrum  analysis,  presents  the  prospect  of  demon- 
strating this  influence  by  the  spectra  of  the  stars.  According 
to  theory  this  influence  must  show  itself  in  a  small  displace- 
ment of  the  lines  of  the  spectrum.  For  example,  for  a  mean 
velocity  of  the  earth  of  four  German  miles  per  second,  this 
displacement  would  amount  to  the  tenth  part  of  the  distance 
separating  the  two  sodium  lines.  This  value  which  is  obtained 
in  a  very  simple  way  from  the  velocity  of  light  and  the  undu- 
lation-time of  the  rays  corresponding  to  the  sodium  lines,  has 
only  quite  lately  been  derived  again  by  J.  C.  Maxwell,  in  agree- 
ment with  earlier  computations  by  F.  Eisenlohr*  and  others. 

The  amount  to  be  observed  of  the  displacement  appeared, 
however,  to  Maxwell  to  be  so  small,  that  he  closed  his  conside- 
rations concerning  this  (having  reference  to  the  spectroscope 
hitherto  constructed  and  the  method  of  determining  the  posi- 
tion of  the  lines),  with  the  remark :  '*  It  cannot  be  determined 
by  spectroscopic  observations  with  our  present  instruments, 
and  need  not  be  considered  in  the  discussion  of  our  observa- 
tions, "f 

Huggins  nevertheless  in  his  most  recent  memoir,:|:  of  which 
the  above  mentioned  investigations  of  Maxwell  are  an  inte- 
gral part,  attempted  the  solution  of  the  problem  in  question 
by  the  use  of  a  spectroscope  with  no  less  than  five  prisms, 
of  which  two  are  Amici's,  with  two  flint  and  three  crown-glass 
prisms. 

The  diminution  of  the  light  caused  by  so  great  a  number  of 
prisms  permits,  however,  the  observation  of  only  the  brightest 
stars.  Huggins  indeed  even  confined  himself  to  the  communi- 
cation of  his  results  from  observations  on  Sinus,  and  he  believed 
here  that  he  found  a  small  displacement  of  the  line  F  in  com- 
parison with  the  bright  hydrogen  line  produced  by  a  Geissler's 
tube.  The  direction  and  amount  of  the  displacement  would 
indicate  an  increase  in  the  distance  between  the  earth  and  Sirius, 
and  this  with  a  velocity  of  411  English  miles  per  second. 

If  we  eliminate  the  component  of  the  earth's  movement,  which 
at  the  time  of  observation  amounted  to  12  English  miles,  the 
resulting  velocity  with  which  the  sun  and  Sirius  are  moving  from 
one  another  would  be  294  English  miles,  or  about  6*5  German 
miles. 

Huggins  himself  regards  this  result  as  one  affected  by  great 
probable  error,  an  error  caused  partly  by  the  great  weakening 
of  the  light,  already  mentioned,  from  numerous  prisms,  and 
partly  by  the  difficulty  of  comparing  the  coincidences  of  the 
bright  lines  from  terrestrial  sources  of  light  with  the  analogous 
dark  hnes  of  stellar  spectra.     The  latter  have  sometimes  a  dif- 

♦  Heidelberg  Transactions  of  the  Phys.  Med.  Soc.,  vol.  iii,  p.  190. 
t  PhiL  Trans.,  1868,  p.  632.  J  Ibid.,  p.  535. 
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ferent  appearance ;  for  example,  they  are  blurred  on  the  edge 
and  of  aiflferent  breadth,  as  is  precisely  the  case  with  the  line  F 
in  the  spectrum  of  Sirius. 

The  most  essential  of  these  difficulties,  which  have  hitherto 
opposed  a  definite  solution  of  the  problem  in  question,  I  believe 
that  I  have  successfully  overcome,  by  a  new  construction  of  the 
spectroscope,  the  first  example  of  which  I  have  the  honor  to 
exhibit  here  to  the  Royal  Society. 

The  arrangement  is  in  essentials  the  following.  The  line  of 
light  produced  by  a  slit,  or  a  cylindrical  lens,  lies  in  the  focus  of 
a  lens  which  as  in  all  spectroscopes  renders  parallel  the  rays  to  be 
dispersed.  Then  the  rays  pass  through  two  Amici's  direct- vis- 
ion prism-systems  of  excellent  quality,  which  I  obtained  from 
the  optical  establishment  of  Merz  in  Munich. 

These  are  fastened  to  one  another  in  such  a  manner  that 
though  each  passes  one  half  of  the  pencil  of  rays  proceeding 
fi-om  the  collimator  object-glass,  and  also  so  that  the  refracting 
angles  lie  on  opposite  sides.  In  this  way  the  collected  pencu 
of  rays  will  be  dispersed  in  the  two  spectra  in  an  opposite  di- 
rection. The  object-glass  of  the  observing  telescope,  which 
unites  the  rays  again  to  an  image,  is  perpendicular  to  the  re- 
flecting angles  of  the  prisms  placed  horizontally,  and  as  in  the 
heliometer,  is  divided ;  each  of  the  two  halves  can  be  moved 
micrometrically  both  parallel  to  the  line  of  section  and  perpen- 
dicular to  it.  By  means  of  this  we  can  bring  the  lines  of  one 
spectrum  into  coincidence  with  those  of  the  other,  and  also  place 
the  spectra  in  immediate  juxtaposition  instead  of  superposing 
them,  so  that  one  spectrum  moves  by  the  other  like  a  vernier, 
or  we  can  superpose  them  only  partially.  By  means  of  this 
construction  not  only  is  the  delicate  principle  of  double-images 
rendered  available  for  the  determination  of  any  change  what- 
ever in  the  position  of  the  lines  of  the  spectrum,  but  any  such 
change  is  also  dovhled^  since  its  influence  appears  in  the  two  spec- 
tra in  an  opposite  sense. 

The  principal  of  the  reversion  of  spectra  which  lies  at  the 
foundation  oi  the  instrument  described,  on  account  of  which  I 
venture  to  propose  for  it  the  name  "Reversion  Spectro- 
scope," can  be  introduced  without  using  Amici's  systems  of 
prisms.  It  is  only  needed  to  reverse  one  part  of  the  pencil  of 
rays  proceeding  from  a  common  prism  by  reflection  on  a  mirror 
or  pnsm,  and  then  to  observe  the  united  pencil  of  rays  exactly 
as  above  with  a  telescope  furnished  with  a  divided  object-glass. 
Furthermore,  this  principle  renders  the  simultaneous  introduc- 
tion of  artificial  sources  of  light  for  the  investigation  of  small 
changes  of  refrangibility  wholly  unnecessary,  and  permits  the 
perception  and  measurement  of  these  changes,  by  means  of  the 
changes  in  position  of  objects  completely  similar  in  kind. 
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The  series  of  measurements  which  was  carried  out  both  on 
the  dark  D  line  of  the  solar  spectrum,  and  also  on  the  bright 
sodium  lines  of  a  candle  flame  impregnated  with  common  salt, 
(and  these  I  venture  to  add  here  to  show  the  working  power 
of  the  instrument),  authorizes  the  hope,  that  with  the  aid 
of  this  spectroscope  we  shall  succeed  not  only  in  perceiving 
the  influence  of  the  earth's  movement,  but  also  in  determining 
it  quantitatively  with  such  accuracy  as  appears  desirable  for  an 
approximate  (vorlaiifig)  control  of  theoretical  conclusions. 

The  numbers  cited  aenote  the  parts  of  the  micrometer-screw, 
and  refer  to  the  distance  between  the  two  sodium  lines : 


Soditim  flame. 

Sun. 

49-6 

49-6 

50-6 

51-5 

53  0 

48-1 

49-6 

48-9 

60-6=fc0-6 

49-6d=0-6 

In  tlie  following  series  of  observations  the  reversion  spectro- 
scope was  furnished,  not  only  with  another  micrometer-screw 
witn  a  somewhat  coarser  thread,  but  also  with  two  other  systems 
of  prisms  whose  dispersion  in  the  region  of  the  sodium  line  is 
1-77  times  greater  than  that  of  the  systems  used  for  the  above 
measurements.  Likewise  the  old  achromatic  object-glasses  of  the 
collimator  and  the  observing  telescope  were  replaced  by  un- 
achromatic  ones,  by  which  not  only  nothing  was  lost  in  shjapness 
of  the  im^es,  but,  as  was  designed,  an  advantage  was  gained 
in  clearness  and  distinctness  by  increasing  the  intensity  of  light 


Sun. 

Screw  divisions. 

Deviation  fixMn  mean. 

671 

— 0-8 

69-4 

+1-5 

68-4 

-fO-6 

67-9 

0-0 

66-6 

-1-3 

66-1 

—1-8 

68-2 

+0-3. 

680 

--0-1 

69-6 

--1-7 

Mean    67-9dbO-3 

According  to  this,  the  interval  between  the  two  D  lines  was 
accurately  determined,  with  a  probable  error  of  ^^^  of  its  valua 
But  in  accordance  with  facts  previously  presented,  a  change  of 
the  distance  separating  the  source  of  light  and  the  spectroscope, 
with  a  velocity  of  four  German  miles  per  second,  will  effect  a 
corresponding  displacement  of  the  lines  of  the  two  spectra,  to 
the  amount  of  \  of  the  interval  of  the  D  lines,  a  quantity  which 
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is  also  about  forty  times  greater  than  the  probable  error  found 
above  for  the  mean  of  nine  readings. 

If,  therefore,  in  the  observation  of  stellar  spectra,  a  sufficient 
amount  of  light  can  be  used,  it  can  be  definitely  determined  in 
the  way  stated,  whether  the  expected  displacement  of  the  lines 
of  the  spectrum  occurs  or  not.  In  reference  to  the  intensity  of 
light  req  uired,  I  venture  to  remark,  that,  for  these  observations, 
an  unacnromatic  lens*  of  one  Paris  foot  in  aperture  and  six  feet 
focal  length  is  at  our  disposal ;  its  cone  of  rays  one  inch  from 
the  focus  is  acted  upon  by  a  suitable  concave  meniscus  of  flint- 
glass,  and,  freed  thus  as  much  as  possible  from  spherical  and 
chromatic  aberration,  is  directed  to  the  slit  of  the  spectroscope. 
I  feel  that  I  should  here  especially  point  out  the  fact,  that,  .in 
the  use  of  a  slit,  the  achromatism  of  the  optical  image,  for  the 
observation  of  its  spectrum,  (especially  of  individual  parts  of 
it),  is  unessential,  and  consequently  the  construction  indicated 
here  must  claim  the  important  preierence  of  great  cheapness  in 
comparison  with  those  with  achromatics  of  strong  light  Evi- 
dently this  advantage  must  be  given  up  in  those  cases,  where, 
as  in  double  stars,  the  desideratum  is  the  sharpest  possible  sep- 
aration of  the  objects  under  investigation. 

I  may  be  permitted  perhaps  to  make  some  remarks  upon 
problems  and  methods  which  refer  to  spectrum  observations  on 
the  sun  and  with  which  I  am  at  present  employed. 

The  sun  possesses  a  velocity  of  rotation,  by  virtue  of  which 
a  point  on  its  equator  moves  with  a  velocitv  of  about  0*25  Ger- 
man mile.  If,  therefore,  with  the  aid. of  a  heliometer,  or  in  any 
other  way,  we  produce  a  double  image  of  the  sun,  and  by  a 
suitable  arrangement  bring  into  contact  two  points  of  the  equa- 
torial limb,  then  at  the  point  of  contact,  parts  of  the  sun's  sur- 
face border  upon  one  another,  one  of  which  approaches  us  with 
a  velocity  of  the  given  amount,  and  the  other  recedes  from  us 
with  the  same  velocity.  From  this  arises  a  difference  of  velo- 
city of  the  parts  in  contact,  in  the  direction  of  the  line  of  sight, 
of  about  half  a  German  mile.  According  to  previous  state- 
ments such  an  amount  of  movement  would  cause  a  change  of 
position  of  the  sodium  lines  corresponding  to  the  80th  part  of 
the  interval  between  them.  Therefore  if  by  combination  of  a 
sufficient  number  of  prisms,  we  succeed  in  perceiving  such  a 
quantity,  so  as  to  measure  it,  we  need  only  to  bring  the  middle 
of  the  slit  into  the  line  joining  the  two  centers  of  the  images  of 
the  sun  which  are  tangent  to  each  other  in  order  to  see  the 
two  spectra  of  the  sun's  limbs  which  are  thus  in  contact,  close 
together  in  the  field  of  view,  and  then,  under  the  most  favora- 
ble relations,  to  observe  the  displacement  in  question.  In  this 
way  then  the  position  of  the  solar  equator,  and,  in  case  of  the 
*  Made  in  the  optical  establishment  of  H.  Schroeder  in  Hamburg. 
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practicability  of  measurements,  the  velocity  of  rotation  in  vari- 
ous heliographic  latitudes  would  be  determined,  which  would 
be  of  the  greatest  interest  with  reference  to  the  opinions  pro- 
nounced most  recently  on  this  point. 

But  even  without  regard  to  a  quantitave  determination  of  the 
phenomenon  in  question,  by  means  of  a  proof  of  it  only  quali- 
tative, even  a  simple  means  would  be  found  of  separating  all 
the  lines  which  arise  from  absorption  in  the  earth's  atmosphere, 
Jrom  those  which  owe  Uieir  origin  to  the  solar  atmosphere,  since  the 
displacement  in  question  could  evidently  extend  only  to  the 
latter. 

Another  subject  for  the  investigation  of  spectrum  analysis 
is  the  protuberances.  As  is  well  known,  Lockyer  and  Janssen 
were  the  first  who  succeeded,  independently  of  a  total  eclipse 
of  the  sun,  in  observing  the  spectra  of  these  forms,  which  con- 
sist of  three  bright  lines. 

At  the  present  time  it  is  the  object  of  most  earnest  en- 
deavor to  discover  any  methods  which  permit  not  only  the  ob- 
servation of  these  lines  but  also  simultaneously  of  the  entire 
shape  of  the  protuberance. 

The  length  of  the  bright  lines  corresponds  to  the  magnitude 
of  the  dimension  of  the  protuberance  concerned,  which  occurs 
in  the  direction  of  the  slit  Consequently  if  we  bring  the  slit 
successively  into  different  positions  so  that  it  cuts  the  protuber- 
ance in  as  many  directions,  then  we  are  able  to  construct  the 
form  of  the  image  observed,  as  Lockyer  has  already  done. 
Thereupon  Janssen  has  proposed  the  construction  of  a  rotating 
spectroscope,  in  order  thus  with  a  sufficient  rapidity  of  rotation 
to  survey  rapidly  the  form  of  the  whole  protuberance  during 
the  continuance  of  the  impression  of  light. 

•Leaving  out  of  considemtion  the  mechanical  difficulties  of 
such  a  rotating  spectroscope  in  which  one  of  the  bright  pro- 
tuberance lines  must  lie  accurately  in  the  axis  of  rotation,  the 
design  in  view  can  be  accomplished  in  a  simpler  and  more  com- 

Slete  manner  by  an  oscillation  of  the  slit  perpendicular  to  its 
irection.  In  this  way  the  protuberance  could  be  observed  in 
three  differently  colored  images  corresponding  to  the  three  dif- 
ferent lines  of  its-  spectrum. 

In  this  method,  with  a  movable  slit,  the  changes  of  brightness, 
through  which  the  protuberance  passes  from  its  base,  will  how- 
ever be  considerably  weakened,  in  proportion  to  the  length  of 
the  path  passed  over  by  the  slit ;  in  tne  rotating  spectroscope 
especially,  the  brightness  of  the  protuberance  itseli  would  be 
weakened  from  the  center  of  rotation  out  to  the  edge,  and  con- 
sequently the  observation  of  the  natural  relations  of  the  bright- 
ness of  the  image  would  be  frustrated. 

For  this  reason  I  have  in  view  the  introduction  of  another 
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very  simple  method  for  the  attainment  of  the  object  in  question, 
of  the  practicability  of  which  I  am  already  convinced  by  ex- 
periments on  terrestrial  sources  of  light,  to  be  described  more 
m  detail  below.  The  principles  on  which  this  method  depends 
are  the  following: 

1.  The  apparent  brightness  (glanz,  claritas  visa)*  of  a  strip 
of  a  protuberance  is  independent  of  the  aperture  of  the  slit  un- 
der the  hypothesis  that  it  continues  to  have  a  perceptible 
breadth  on  the  retina. 

2.  The  brightness  of  the  superposed  spectrum  increases  propor- 
tionally to  the  width  of  the  slit 

3.  W  ith  an  oscillating  or  rotating  slit,  the  brightness  of  the 
superposed  spectrum  remains  unchanged,  while  that  of  the  image 
of  the  protuberance  arising  from  the  permanence  of  the  impres- 
sions of  light,  diminishes  on  the  other  hand  in  accordance  with 
a  law  depending  on  the  number  and  duration  of  the  excita- 
tions of  the  point  of  the  retina  concerned,  which  occur  in  a  unit 
of  time,  and  also  upon  the  refrangibility  of  the  strip  of  the 
protuberance  observed.  * 

If,  for  simplicity's  sake,  we  suppose  that  the  entire  surface, 
over  which  the  slit  moves  in  its  rotation  or  oscillation,  is  filled 
up  by  the  protuberance,  and  if  we  suppose  also  that  the  inten- 
sity of  the  image  arising,  is  inversely  proportional  to  that  sur- 
face, (corresponding  to  a  uniform  extension,  over  the  surface,  of 
the  light  passing  through  the  slit),  then  under  the  assumption 
of  the  above  three  propositions,  the  relation  of  intensity  between 
back-ground  and  protuberance,  would  remain  the  same;  and 
we  may 

First,  reduce  the  brightness  of  the  image  of  the  protube- 
rance by  an  oscillation  of  the  slit,  and  by  this  leave  unchanged 
the  brightness  of  the  superposed  spectrum  (by  2) ;  or  we  may 

Secondly,  open  the  slit  unmoved  so  far  that  its  aperture 
extends  at  once  over  the  space,  which  in  the  first  case  the 
oscillation  extended  over.  In  this  (by  1)  the  apparent  bright- 
ness of  the  protuberance  remains  unchanged,  but  that  of  the 
back-ground  is  increased  in  the  same  ratio  that  it  was  previously 
weakened.  Consequently  under  the  suppositions  made,  the  de- 
signed object  would  be  accomplished  much  more  simply  in  the 
second  way,  if,  because  of  its  blinding,  care  is  continually  ex- 
ercised that  the  intense  light  of  the  real  body  of  the  sun 
should  not  penetrate  the  slit. 

The  slit  need  be  opened  only  just  so  far  that  the  protuberance 
or  a  part  of  it  may  appear  in  the  opening.  A  suitable  weaken- 
ing of  the  entire  field  of  view  must  be  provided  for,  by  means 
of  polarizing  or  absorbing  media,  which  are  to  be  placed  before 
the  eye-piece,  in  order  that  the  relative  intensity  between  the 

♦  Lambert,  Photometria,  eta    §§  36  and  37. 
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• 
protuberance  and  the  superposed  spectrum  may  be  permitted  to 
stand  out  as  strongly  as  possible  to  the  perception. 

Led  by  these  conclusions,  I  have  sought,  with  the  aid  of  ter- 
restrial sources  of  light,  to  realize  the  conditions  under  which 
the  protuberances  are  visible,  in  order,  in  this  way,  to  test  both 
metnods  and  to  convince  myself  of  their  practicability.  For 
the  better  comprehension  of  the  described  experiments,  let  the 
following  remarks  first  be  premised. 

The  reason  why  the  protuberances  are  invisible  under  ordi- 
nary circumstances,  by  screening  off  the  intense  image  of  the 
sun  to  the  edge,  lies  in  the  strongly  illuminated  part  of  our 
atmosphere  covering  the  image  of  the  protuberance  In  a  total 
ecUpse  of  the  sun  tJais  superposed  light  is  weakened  to  such  an 
extent,  that  then  the  intensely  illuminated  protuberances  raise 
themselves  fix)m  the  illuminated  parts  of  the  corona. 

We  can  make  an  approximate  estimate  of  the  amount  of  the 
reduction  of  the  diffused  light  of  our  atmosphere  required  for 
this,  if  we  assume  the  mean  illumination  of  the  atmosphere  in 
a  total  eclipse  equal  to  that  of  a  mean  full  moon.  According 
to  my  photometric  measurements*  this  illumination  is  618000 
times  weaker  than  that  produced  by  the  sun ;  consequently  then 
the  selective  absorption  of  colored  media  must  stand  in  a  simi- 
lar relation  in  reference  to  the  homogeneous  light  of  protube- 
rances, if  we  wish  to  make  the  protuberances  visible  in  this  way 
without  dispersion  as  is  generally  sought  at  the  present  tima 

On  the  contrary  the  possibihty  of  accomplishing  this  end, 
with  the  aid  of  the  prism  by  the  dispersion  of  the  superposed 
atmospheric  light,  depends  essentially  upon  the  circumstance, 
that  this  light  is  composed  of  rays  of  all  degrees  of  refi:tingi- 
bility,  while  that  of  the  protuberances,  however,  is  composed  of 
oiJy  three  homogeneous  assemblages  of  rays. 

The  superposition  of  an  unhomogeneous  mass  of  light  upon 
a  body  shining  with  homogeneous  hght  and  limited  Dy  sharp 
boundaries,  I  have  accomplished  artificiall;^,  in  the  follow- 
iife  way.  The  wick  of  an  alcohol  flame  was  impregnated  with 
cmorid  of  sodium  and  chlorid  of  lithium.  At  a  distance  of  18 
feet  before  this  flame,  a  piece  of  plate  glass  was  so  set,  at  an 
angle  of  45"^  to  the  direction  of  the  observation,  that  the  reflected 
image  of  a  petroleum  flame  at  one  side  covered  the  faintly  shin- 
ing alcohol  flame,  and,  by  reason  of  its  much  greater  intensity, 
rendered  it  completely  invisible.  About  one  foot  before  the 
reflecting  plate  of  glass,  was  situated  a  small  lens  of  six  inches 
focus,  wnich  directed  a  small  image  of  the  alcohol  flame  to  the 
slit  of  the  spectroscope.  The  latter  was  fastened  to  the  end  of 
a  spring  ten  inches  long,  by  means  of  which  it  could  be  put  in 
oscillation  of  sufficient  magnitude  for  about  five  minutes  by 

*  PhotometrisQhe  UnterBuchiingen,  eto.«  p.  105,  fol.,  Leipsic,  1866. 
Am.  Joub.  Bol—Sbgond  Sebibs,  Vol.  XUX,  No.  146.— Jan.,  187Q. 
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first  removing  it  from  its  place  of  equilibrium  and  then  releas- 
ing it  Next  then,  the  aperture  of  the  slit  was  so  far  decreased, 
that,  with  the  slit  at  rest,  the  double  line  D  and,  proportionally 
faint,  the  lithium  line  also  appeared  sharply  defined  in  the  fieldL 

As  soon  as  the  slit  was  put  in  oscillation,  these  lines  trans- 
formed themselves  into  sharp  images  of  the  alcohol  flame,  of 
which  the  two  sodium  images  covered  about  half.  The  appa- 
rent brightness  of  these  th^  images  was  much  less  than  tnat 
of  the  bright  lines,  and  in  consequence  of  this  also  their  relief 
fix)m  the  diffusely  illuminated  spectrum  ground  was  in  the  same 
ratio  less  distinct  than  that  of  the  lines  with  the  slit  in  a  state 
of  rest 

When  now  I  made  use  of  the  second  of  the  above  prc^xjsed 
methods,  and  opened  the  unmoved  slit  so  fisir  that  the  little 
image  of  the  alcohol  flame  was  only  just  contained  by  the  rect- 
angular aperture  of  the  slit,  I  was  surprised  by  a  mr  greater 
delicacy  and  distinctness,  with  which  the  image  of  the  flame 
relieved  itself  fix)m  the  diflFiisely  illuminated  spectrum  ^und. 
Consequently  the  above  reduction  of  the  apparent  bnlUancy 
of  the  protuberance  with  an  oscillating  slit,  assumed  in  the 
theoretical  discussion  to  be  in  accordance  with  a  simple  law, 
appeared  quite  strongly  to  incline  our  fiivor  to  the  metnod  last 
employed. 

I  remark  here  that  for  this  experiment  only  one  of  the  above 
mentioned  new  prisms  was  employed.  But  it  is  evident  that 
with  an  additional  dispersion,  tne  diminution  of  the  superposed 
unhomogeneous  light  can  be  increased  at  pleasura 

As  may  be  seen,  no  difficulty  in  principle  stands  in  the  way 
of  the  application  of  this  method  to  the  protuberances  of  the 
sun.*  practical  success,  however,  is  dependent  essentially  on 
this,  whether  a  sufficiently  strong  dispersion  of  light  can  be 
obtained  for  the  actual  relation  of  intensity  between  the  homo- 
geneous light  of  the  protuberances  and  of  the  superposed  light  of 
Sie  atmosphere.  I^  however,  we  are  authorized  to  conclude 
upon  a  very  considerable  relative  brilliancy  of  the  protube- 
rances, fix)m  the  intensity  and  distinctness  with  which  their  lines, 
especially  the  middle  one,  appear, — of  which  I  am  convinced 
by  an  actual  inspection  on  tne  24th  of  December  of  the  past 
year  at  the  observatory  at  Berlin, — ^then  the  means  at  my  com- 
mand at  present  consisting  of  four  excellent  systems  of  prisms 
must  indeed  be  sufficient  to  solve  satisfactorily  in  the  way  here 
proposed  the  problem  of  the  visibility  of  the  protuberances. 

Supplement 

According  to  a  communication  by  letter,  lately  received  fix)m 
Dr.  Schallen  at  Cologne,  Mr.  Locl^er  also  has  succeeded  in 

*  On  ftoooant  of  an  incomplete  arrangement  of  the  instnnnent  demanded  I  have 
tin  now  been  obliged  to  ieft»in  frtm  an  actual  trial  of  tiiia  method  on  tlie  aun. 
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observing  the  solar  protuberances  in  their  whole  extent,  accord- 
ing to  the  method  developed  by  me  in  the  above  communication. 
By  this  communication,  Mr.  Lockyer  has  employed  a  spectroscope 
-with  seven  prisms,  and  has  communicated  his  results  in  a  report 
held  in  the  Royal  Institution,  which  ought  to  appear  in  print 
June  ISth.  Smce  I  have  neither  received  this  repjort  up  to  the 
present  time,  nor  even  learned  any  details  concerning  Mr.  Lock- 
yer's  results,  it  may  be  permitted  me  here  to  communicate  the 
following  in  r^ard  to  the  procedure  employed  by  ma 

The  spectroscope,  which  has  been  made  according  to  my 
designs  in  the  optical  establishment  of  Mr.  Fauber  in  Leipsic, 
possesses  one  excellent  direct  vision  prism  by  Merz.  The  spec- 
troscope was  fastened  in  a  suitable  way  to  the  six  feet  refiractor 
of  this  observatory.  The  height  of  the  slit  amounted  to  6'  W 
of  arc,  and  the  aperture  varied  with  the  height  and  magnitude 
of  the  protuberance  observed.  And  here  let  it  be  remarked 
that  it  is  most  advantageous  in  observii^  to  bring  the  length  of 
the  slit  tangent  to  the  sun's  limb.  By  this  plan  on  the  one  hand 
a  greater  s^ment  of  the  sun's  limb  is  surveyed  at  one  view,  and 
on  the  other  the  advantage  is  gained  of  determining  with  great 
accuracy  the  position  angle  of  the  protuberance,  since  the 
entrance  of  the  sun's  disc  makes  itself  immediately  noticeable 
by  a  flashing  out  of  a  narrow  band-formed  spectrum  in  the 
middle  of  the  field  of  view.  This  point  of  the  first  flashing 
out  can  be  easily  brought  to  the  place  of  the  protuberance  in 
question  by  revolving  the  spectroscope  about  its  longitudinal 
axis,  and  in  this  case,  as  is  readily  perceived,  the  slit  is  tangent 
to  the  point  of  the  sun's  limb  occupied  by  the  protuberance. 
The  actual  place  of  the  spectroscope  can  be  read  on  on  a  divided 
circle,  and  this  gives  the  position  angle  of  the  protuberance. 

In  order  to  bring  individual  points  of  the  sun's  limb  conven- 
iently before  the  snt  of  the  spectroscope,  two  diflferent  methods 
can  be  employed.  By  one  methoa  the  object-glass  of  the 
refractor  is  so  fastened  m  a  ring  that  its  optical  axis  is  inclined 
about  15'  to  the  longitudinal  axis  of  the  telescope.  If  this  rmg 
is  revolved  by  the  help  of  a  screw  on  the  telescope  to  be  worked 
by  the  observer,  the  optical  axis  of  the  object-glass  describes 
a  cone  of  about  SO'  opening,  so  that  successively  different  parts 
of  the  limb  come  in  focus  before  the  middle  of  the  slit  Of 
course  the  position  of  the  slit  must  be  varied  in  a  corresponding 
way  by  a  revolution  of  the  spectroscope. 

By  the  other  method,  which  affords  the  advantage  of  an 
unchanged  position  of  the  slit,  the  rays  before  their  union  into 
an  image  are  sent  through  a  reversicm-prism,  so  called.  If  this 
is  rotated  about  the  axis  of  the  instrument,  the  image  of  the  sun 
also  revolves  about  its  center  and  permits  successively  different 

Joints  of  the  limb  to  fall  on  the  sht    The  angle  of  position  is 
etennined  by  the  position  of  the  reversion-prism. 
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The  size  of  the  sim^s  image  in  the  refractor,  or,  in  other  words, 
the  focal  length  of  the  object-class  employed,  plays  an  impor- 
tant part  in  tne  whole  method.  It  follows  immediately  from 
the  tneory  of  the  method  developed  above,  that  with  the  same 
spectroscope  the  contrast  between  protuberance  and  back-ground 
is  dependent  only  upon  the  width  of  the  slit  Since,  then,  with 
a  constant  width  of  slit,  the  smaller  the  sun's  image,  so  much  a 
greater  part  of  the  protuberance  is  surveyed  at  once,  it  follows 
Sat  we  must  not  seek  to  accomplish  the  amplification  of  the 
protuberance  by  the  sun's  image,  that  is,  with  a  long  focus  of  the 
object-glass  of  the  refractor,  but  as  much  as  possible  by  the  lens 
apparatus  of  the  spectroscope.  This  can  be  easily  accomplished 
by  using  a  collimator  with  a  relatively  short  focus  to  that  of 
the  object-glass  of  the  refractor.  Suppose,  for  example,  we  have 
a  refractor  often  feet  focus  with  a  spectroscope  attached,  in  which 
the  focal  len^h  of  both  object-glasses  are  equally  large.  If  now 
with  this  it  is  required  to  open  the  slit  to  the  breadth  of  one 
millimeter  in  order  to  take  m  at  one  view  a  protuberance  of  a 
certain  size,  with  an  image  of  the  sun  yV  smaller,  this  aperture 
could  be  reduced  to  yV  of  a  millimeter,  through  which  not  onlv 
can  the  protuberance  be  seen  in  its  whole  extent,  but  also  witn 
a  ten  times  greater  contrast  with  the  spectrum  back-ground. 
In  order  now  to  obtain  again  the  amplification  of  the  protuber- 
ance in  the  field  of  view ^  which  was  lost  by  the  diminution  of  the 
sun's  image,  the  focus  of  the  collimator  need  only  be  made  ten 
times  shorter  than  that  of  the  spectroscope.  To  continue  with 
the  example  proposed,  a  ten  times  better  effect  would  be  obtained, 
giving  the  same  optical  amplifi/caJbvon  of  the  protuberance  wi^  the 
samje  prism  systems^  if  there  is  chosen  in  place  of  the  ten  feet 
refiuctor  a  telescope  of  only  one  foot  focus,  and  for  the  focal 
^stance  of  the  collimator  about  two  inches,  and  that  of  the 
observing  telescope  about  twenty  inchea  The  quality  of  the 
images  in  this  is  influenced  very  Utile,  as  far  as  affected  by  the 
lens  system,  since  the  defect  of  chromatic  aberration  does  not 
enter  at  all  on  account  of  the  homogeneity  of  the  light  of  the 

f)rotuberances ;  consequently,  properly  selected  unachromatic 
enses  can  be  used  for  such  combinations  without  any  hesitation, 
as  I  have  convinced  myself  by  numerous  trials.  The  extraor- 
dinary compactness  which  such  instruments  for  the  observation 
of  the  solar  protuberances  possess,  permits  a  very  delicate  clock 
movement,  and  presents  the  prospect  of  realizing  in  this  simple 
way  the  idea  expressed  already  in  my  former  communication, 
namely,  an  artificial  total  eclipse  of  the  sun,  of  an  arbitrary 
length,  for  the  observation  in  the  future  of  all  the  protube- 
rances present  on  the  sun's  limb  at  the  same  time. 

Loipdc^  AugoBt  26, 1869. 
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Art.  IX. — Polarity  and  Polycephalism^  an  essay  on  Individu* 
ality;  by  H.  James  Clark,  A.B.,  B.S.,  Pro£  Nat  Hist 
Kentucky  University ;  Lexington,  Ky.* 

We  have  already,  in  a  general  workf  upon  the  development, 
morphology  and  classification  of  animals,  entered  our  protest 
against  that  theory  of  individuality  which  assumes  that  the 
medusoid  genitalia  of  Hydromedusae  should  be  considered  as 
individuals  in  a  higher  sense  than  the  hydrae  are,  no  matter  to 
how  low  a  degree  of  development  they  aescend  nor  at  how  high 
an  elevation  they  arrive  in  the  complicity  and  differentiation 
of  their  parts.  We  still  adhere  to  that  protest  as  far  as  the 
hydrae  and  medusoids  are  related  to  each  other ;  but  look  upon 
them  both  in  a  modified  light  in  reference  to  their  individuality. 
We  suppose  it  will  not  be  questioned  that,  in  the  main, 
naturalists  and  physiologists  have  always  defined  in  their  own 
minds,  and  in  tneir  teachings,  the  zoological  individual  to  be  a 
monocephalic  being ;  that  they  have  taken  as  their  standard  the 
most  highlv  developed  creatures  of  the  animal  kingdom,  whose 
oneness  and  independence  place  them  on  an  equal  footing  with 
man  in  these  respects.  In  the  discussion  of  late  years  upon  the 
individuality  of  the  lower,  compound,  colonial  denizens  of  the 
water,  the  main  points  at  issue  have  always  been  to  determine 
whether  a  certain  form  was,  on  one  hand,  an  individual^  either 
in  its  highest  sense  (a  monomeric,  independent  integral)  or  one 
of  several  interdependent  individuals  which  constitute  a  colonv 
(a  polymeric  integer),  or,  on  the  other  hand,  was  an  organ^  which 
formed  only  a  part  of  an  individual,  whether  the  latter  be 
monomerous  (as  in  Hybocodon  and  Corymorpha  producing  free 
medusae),  or  polymerous  (as  in  Coryne  with  iree  medusae). 

The  possibility  of  a  third  category  of  individuality  had  not 
arisen  in  the  minds  of  philosophic  naturalists  until  the  question 
of  the  bUaterality  of  the  two  lower  grand  divisions  of  the 
animal  kingdom  had  been  discussed  so  vigorouslv,  and  elevated 
to  such  a  prominence  among  the  theories  of  the  day  as  to 
extend  its  influence  even  to  the  determination  of  the  oneness 
or  duahty  of  the  members  of  the  highest  of  all  grand  divisions, 
and  indeed  the  highest  of  all  animals,  man  himself  Here  at 
this  point  we  find  breaking  in  upon  us  the  Teratological  essays 
of  St  Hilaire,  and  the  more  recent  decisions  of  Wyman  upon 
the  same  subject,  with  the  strange  confirmations  of  Lereboullet, 
by  his  discoveries  of  the  fissigemmation  of  the  piscine  egg,  and 

*  This  is  an  extract  from  a  forthooming  memoir  on  the  anatomj  and  phjaiologj 
of  Laoemariae. 

f  Mind  in  Nature,  or  the  Origin  of  Life  and  the  Mode  of  Derelopment  of 
Aaimala.    New  York,  D.  Appleton  t  Co.  1865. 
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the  evolution  of  two  heads  or  two  tails  from  one  center  of 
development, — ^the  dualistic  tendency  of  the  highest  vertebrate 
emphasized  b;;^  the  presentation  of  the  living,  tangible  reali^.* 

Such  possibilities  among  the  vertebrata  staring  us  in  the  race 
could  not  but  send  the  thoughts  flashing  back  among  the 
inferior,  less  detennined,  less  differentiated  organizations ;  and 
the  mind's  eye  needed  not  to  dwell  long  among  the  many-headed 
Polypi  and  Hydromedusae,  the  CrinoidsB,  Bryozoa,  Ascidiadae, 
PyrosomidaB,  SalpaB,  &c.,  before  discovering  a  multitude  of  more 
than  shadowy  tendencies;  it  became  fixed  upon  numerous 
sharply  and  clearly  established,  unmistakable  dualities  and 
plurahties ;  all  arising  from  one  common  center,  the  ovum.  Had 
we  not  the  problem  of  plural  individuality  solved  here, — a 
polycephalism — f  the  diflmBC  vitality  of  the  animal-^g  of  the 
lowest  ranks  of  life  outspoken  in  the  indetermined  number  and 
localization  of  the  subdivisions  of  the  Polyp  or  Hydromedusa 
corporation ;  and  even  the  organization  itself  undecided  as  to 
whether  it  should  exemplify  its  oneness  in  a  simple  unit  of  form, 
as  in  the  pseudoindividuum  of  Bryozoa,  Ascidisa,  or  resolve  its 
offices  and  configuration  into  the  repetitive,  multiplied  sameness 
of  the  sexless  and  sexual  jorofes  of  Salpae,  Tsanisa,  Annelidae  and 
Hydromedusae,  or  the  excessive  reiterations  of  the  genitalia  of 
Polypi 

Tfhe  old  type  of  monomerism,  the  vertebrate  individual  par 
excellence^  has  then  become  the  modem,  more  than  transcendental 
duality.  The  originals  of  multitudes  of  figures  in  St  Hilaire's 
*  Teratologic,'  of  the  memoir  of  Lereboullet,  and  of  the  condensed 
aphoristic  sketches  of  Wyman  stand  forth  the  real,  material 
embodiments  of  the  idea  upon  which  all  sentient  life  is  founded. 
Bilaterality  does  not  express  the  thought,  it  embraces  too  little ; 
it  is  to  be  classed  with  antero-posteriority  and  dorso-ventrality, 
to  signify  the  svidominant  features  of  the  animal  architecture ; 
features  which  evolve  themselves  as  the  concomitant  resultants 
of  the  development  of  the  primitive  dominant  which  originally 

Srve  shape  to  bipolar  ovum.  The  embryolpgist,  and  to  his 
oughts  the  subject  is  most  germane,  reflecting  upon  the  physical 
aspects  of  the  forming  ^g,  would  naturally  arrange  its  features 
in  two  antagonistic  fielas ;  and  thereupon  attempting  to  define 
their  position  in  regard  to  the  contour  of  the  concrete  sphere, 
almost  inevitably  would  give  utterance  to  the  word  polarity. 
This  is  the  dominant,  mam  idea  of  sentient  lifa 

It  is  polarity  which  is  evinced  when  the  self-dispersing, 
self-repellant  potentiality  of  the  animal-egg  lays  down  the  right 
and  left  of  the  germ  on  opposing  sides  of  a  line;  when  the 
cephalic  and  caudal  areas  grow  in  opposite  directions  frcan  a 
common  point  of  emanation ;  or  when  the  animal  and  v^etative 

*  See  remarks  of  the  authcff  on  this  subject  in  *'  Mind  in  Nature,"  ut  Sup.,  p.  85. 
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foundations  project  themselyes  into  diametrically  diverse,  dorsal 
and  ventral  spaces.  Each  and  all  of  these  phenomena  have  a 
common  point  to  rest  upon ;  and  they  proclaim,  by  their  mode 
of  operation,  the  controlling  influence  of  a  power  which,  fixing 
itself  upon  that  point,  as  it  were,  radiates  itself  through  the 
whole  organism,  and  disposes  its  several  features  in  such  a  way 
that  thej  all  display,  either  in  mode  of  evolution  or  by  a  direct 
connection,  a  polar  tendency ;  a  growing  out  of  one  pole  and  a 
dispersion  toward  the  opposite  one ;  features  most  developed  and 
decided  in  configuration  next  the  point  of  departure,  and  least 
developed  and  most  diffose  and  indeterminate  in  the  opposite 
area ;  the  latter  always  through  life  standing  in  the  same  relation 
to  the  former  as  supply  does  to  demand,  as  nutrition  does  to  the 
power  which  regulates  the  absorption  of  the  nutriment 

But  hiUUeraliiy  carries  with  it  something  more  than  the  sheer 
dextral  and  sinistral  opposition  of  the  lateral  halves  of  the 
body ;  it  is  not  merely  the  bipartition  of  a  unit  of  form ;  for 
the  distal  as  well  as  the  proximal  edges  of  these  halves, — ^the 
free  borders  and  the  margins  of  contact — are  mutually  inter- 
changeable ;  the  former  may  take  the  place  of  the  latter,  and 
yet  leave  the  apparent  bipartite  unit  undisturbed  in  internal 
relations. 

Antero-posterwritu  exhibits  the  same  interchangeability  as 
bilaterality,  but,  although  plainly  enough,  not  so  conspicuously 
in  a  comparative,  homological  sense  as  in  the  ph^iologicaJ 
interplay  of  the  functions,  such  as  we  see  in  the  relations  of  the 
allantois  to  respiration  in  the  embryo,  or  in  the  ratio  of  excretion 
of  the  renal  organs  dependent  upon  the  degree  of  activity  of 
the  respiratory  and  perspiratory  mnctions ;  or  in  the  relation  of 
the  reproduclJve  organs  to  the  vocal  and  respiratory,  when  the 
former  are  in  an  abnormal  condition,  or  when  they  change  from 
one  period  of  life  to  another,  from  youth  to  adolescence ;  and 
in  many  other  interdependent  relations  fiuniliar  to  the  mor- 
phologist  of  the  present  day. 

Bilaterality,  antero-posteriority,  anddorso-ventrality,  the  three 
principal  sxwdominants  of  polarity^  have  a  very  methodical  dis- 
position, and  are  quite  pronounced  and  sharply  defined  among 
the  higher  groups  of  animals, — ^the  more  seemingly  units  of 
organization, — but  if  we  ffo  to  the  opposite  extreme  of  grade 
we  shall  find,  among  the  lower  classes  of  life,  that  the  polaric 
element  (like  the  diflerentiation  of  organization,  and  tnat  of 
function)  is  in  an  almost  elementary  condition,  expressing  itself 
vaguely  in  the  scattered  heads  of  a  branch  of  Coryne,  or  Tu- 
bularia,  or  Clavellina;  or  a  little  more  determinately  in  the 
distichous  arrangement  of  the  hydra  heads  of  Dynamena  and 
Sertularia,  or  in  the  singularly  stellate  disposition  of  the  zooids 
of  Botryllus,  with  their  common  cloacal  orifice. 
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When,  however,  polymerism,  in  its  usually  accepted  sense, 
fidls,  as  it  does  step  by  step  in  the  gradually  rising  degrees  of 
rank,  polarity  gains  the  ascendency  in  point  of  regularity  and 
the  closer  intimacy  and  symmetrical  arrangement  of  the  com- 
ponents of  the  organization  which  it  holds  sway  over.  Thus 
it  is  that  two,  or  more,  scattered,  consimilar  parts,  or  comjdete 
organizations  may  combine  to  form  a  seeming  owe,  an  apparent, 
bipartite  or  multipartite  unit  The  multiple  repetiti<Jli  oi  heads 
among  the  lower  polymeric  kinds  is  here  reauced  to  a  dual 
repetition,  and  the  parts  condensed  into  one  form  an  approxi- 
mative unit,  a  zoological  individuum,  as  the  highest  expression 
of  unity  attainable  by  the  vertebrate  zoon. 

The  duality,  nay  tne  plurality  of  the  subdivision  of  the  ver- 
tebrate axis,  as  illustrated  by  the  embryo  fishes  of  Lereboullet, 
is  recalled  in  the  diffuseness  of  the  many  hydrse  of  the  den- 
dritic Campanulariae,  or  disguises  itself  under  the  interminable 
heteromorphism  of  the  Siphonophorae ;  it  is  polymerous  but 
dimorphous  in  Salpa,  or  polymerous  but  monomorphous  in  the 
fresh  water  Polyzoa ;  temporarily  a  poljrmerous,  monomorphic 
individuum  in  the  fissigemmating  Hydra,  it  eventually  resolves 
itself  into  disconnected  o5et«fo-i^ttn(itwi;  for  a  time  polymer- 
ous but  dimorphic  in  the  annelidan  Myiianida  of  Milne-Ed- 
wards it  finally  assumes  the  appearance  of  a  true,  self-contained 
individuum  in  each  one  of  the  separate,  independently  moving 
sexual  segments,  and  in  the  original  budding-stock  (the  direct 
legitimate  oflFspring  of  the  egg)  from  which  they  shot  fortL 

The  thorough  historian  of  the  multifarious,  so-called  alternate, 
generations  of  the  Acalephas  will  see  nothing  but  a  generative 
organ  in  the  spermatic  and  ovarian  sacs  of  Hydra ;  and  detect 
nothing  more  in  the  grape-like  clusters  about  the  base  of  the 
head  of  Clava,  or  in  the  grouped  momliform  projections  behind 
the  corona  of  tentacles  of  Eudendrium.  The  polymerism  of  these 
or^ms  of  Eudendrium  is  merely,  and  nothing  more  than  a  re- 
petition of  the  simple  sac  of  Clava ;  the  diversity  in  form  is 
only  apparent  But  one  step  higher  in  complicity  and  our  ob- 
server will  find  in  the  tentaculiferous  terminations  of  the  repro- 
ductive sacs  of  Thamnocnidia  and  Parypha  a  premonition  of  a 
forthcoming  cephalic  independence,  such  as  is  already  fully 
exemplified  in  the  many  hydras  of  the  polymeric,  dendritic 
mass.  A  similar  progression  toward  cephalic  freedom  will  also 
be  seen  in  the  simplest  generative  sacs  of  Laomedea  amphora, 
and  L.  flexuosa,  ic.,  and  rising  through  successive  degrees  of 
complicity  to  those  of  Gonothyrea  ^jaomedea)  Lovenii  All, 
which  not  only  are  tipped  with  tentaculate  processes  as  in  Pary- 
pha and  Thamnocnidia,  but  have  developed  within  them  a 
series  of  longitudinal  tubes,  like  those  in  the  homologous  organ 
of  Tubularia  indivisa. 
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Gradually  and  methodically  tlie  progressive  steps  of  com- 
plication lead  on,  with  a  more  and  more  marked  separation  of 
the  genitalia  from  a  direct  relation  to  the  general  mass,  or  even 
to  the  hydr»  in  particular,  whilst  a  consentaneous  development 
gathers  around  tnem  and  brings  them  into  immediate  alliance 
with  an  envelope  whose  morph  is  only  a  slightly  varied  repeti- 
tion of  that  of  the  hydra,  but  whose  greater  d^ree  of  com- 
plicity gives  it  a  better  claim  to  be  ranked  as  the  highest 
among  the  cephalic  subdivisions  of  the  body.  But  the  fall  aim 
of  the  train  of  development  is  not  divulged  here ;  its  results 
only  exemplify,  a  part  of  it  in  the  predominance  of  the  repro- 
ductive function  and  a  differentiation  of  the  nutritive  cavity 
into  distinct  channels  of  circulation,  and  the  subordination  of 
a  definite  r^on  of  its  periphery  to  a  tentacular,  prehensile 
offica 

Step  by  step,  however,  all  the  elements  of  a  complete  organ- 
ism are  successively  absorbed  out  of  the  primitive  hydra-mass, 
and  remodelled  into  the  fashion  of  a  meausoid ;  the  reproduc- 
tive character  has  become  a  less  obtrusive  feature ;  motion  at- 
tracts attention  above  all  others ;  prehension  has  fiiU  sway  in 
the  highlv  developed  tentacles ;  and  the  latter  point,  like  fin- 
gers, to  the  self-sustaining  power  of  the  acalephan  morph  in  the 
complete  organization  of  the  longitudinal  and  circular  chymife- 
rous  channels,  opening  into  the  receptive  cavity  of  a  highly  flexi- 
ble, proboscidal  rnanvbriuTn,  The  preliminary  processes  of  fissi- 
gemmation  are  complete ;  the  primary  genesis  of  the  ovuniy  in 
its  integrity,  is  finished ;  the  primitive  stock  has  become  differ- 
entiated into  two  widely  diverse  varieties  of  one  morph,  the 
hydroid  cephalism  and  the  Tnedtisoid  cephalism.  Such  is  the  con- 
dition at  which  the  hydromedusariae  of  Corymorpha,  Hyboco- 
don,  Ectopleura  (Tubularia)  Dumortierii,  Pennaria,  Coryne  mi- 
rabilis,  Margelis,  Bougainvillea,  and  many  Campanulanae  have 
arrived  previous  to  the  disintegration  of  their  mass  into  the 
free  pseudo-individual  medusoids,  and  their  less  independent, 
contemporary  homologues,  the  persistent  hydroid  cephaiisms. 

No  one  holding  the  present  prevailing  views  in  regard  to  in- 
dividuality would  find  a  diflSculty  in  seeing  that  the  members 
of  a  chain  of  Salpse  are  so-called  individrmls,  notwithstanding 
they  are  attached  obliquely  end  to  end,  and  organically  con- 
nected. Now  although  the  self-dividing  worm,  Myrianida  for 
example,  the  so-called  asexual  stock  maj  become,  by  actual 
separation,  two  individuals,  apparently,  viz  :  sexless  and  sexual, 
yet  once  they  were  more  closely  connected  organically  than  the 
Salpae  which  do  not  separate.  Is  now  the  closer  connection  of 
the  yet  unseparated  asexual  and  sexual  parts  of  the  worm  to 
make  them  less  distinct  individuals  than  those  of  the  Salpa  ? 
It  would  seem  so,  according  to  the  advocates  of  individualism  ; 
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and  therefore  the  Myrianida,  with  its  posterior  string  of  six  or 
seven  consecutive  sexual  buds  is  a  monocephalic  individual. 
But  in  the  sexless  Salpa-form  budding  the  sexual  chain  we 
have  a  closer  parallelism  with  the  worm  than  in  the  chain 
alone,  in  fact  an  identity  of  relation ;  and  vet  for  all  that  we 
would  not  think  of  calling  the  stock  (sexlessj  and  the  chain 
(sexual)  together  one  individual,  with  one  nead,  but  rather 
many  head^,  or  in  other  words  a  polyTneric  unit  or  individual^ 
of  sexual  and  sexless  cephalisms.  Therefore  by  a  parity  of 
reasoning  we  ought  to  denominate  the  Myrianida  and  its  buds 
as  a  succession  or  series  of  cephalisms.  The  fact  that  the  worm 
components  are  more  in  one  line  than  in  the  Salpa  only  makes 
an  apparently  more  individualistic  body.  Among  tapeworms 
the  several  heads  {cephahids)  of  the  scoUx  (Coenurus)  of  Taenia 
Coenurus  are  not  arranged  in  a  line  end  to  end,  but  all  are  free 
anteriorly,  and  connected  with  each  other  posteriorly  by  a 
common  body.  The  closer  connection  of  the  subdivisions  of 
the  annelid  is  only  one  of  degree ;  and  as  to  having  more  organs 
in  common  than  the  Salpa  it  is  rather  like  the  community  of 
interest  which  the  coral  cephalisms  have  in  the  main  trunk. 

Since  the  sexual  and  sexless  are  necessarv  to  make  up  a 
complete  organism,  i.  e.,  vegetative  and  reproductive,  the  one 
a  completement  of  the  other,  neither  aUme  can  represent  the 
individual  unit,  or  whole  cycle  of  life :  and  Cephalism  there- 
fore is  a  better  term  to  indicate  the  potentiality  of  these  sub- 
divisions to  live  apart,  although  it  does  not  always  occur  (as  in 
Corals,  Bryozoa,  some  Campanularise  and  Tubulariae),  or  when 
apart  (as  in  other  Tubulariae  [T.  Dumortierii],  Laomedece  [Eu- 
cope  diaphana,  &c.,]  and  Saluse,  Myrianida,  &c.,)  meaning  more 
or  less  incomplete  individuals  (pseudo-individuals)  which  are 
either  mainly  vegetative  or  mainly  reproductive,  as  the  case 
may  be. 

We  look  upon  cephalism  then,  on  one  hand,  as  having  a  con- 
trolling influence  of  a  low  degree  of  independence  when  shared 
in  common  by  the  multiple  heads  of  a  coral  polypidom,  and,  on 
the  other  hand,  as  attainmg  to  the  highest  independence  as  a 
controlling  j)ower,  when  the  multiple  parts  of  a  so-called  com- 

Sound  individual  separate  from  each  other,  and  are  singly  un- 
er  the  influence  of  this  power.  The  latter  obtains  when  Hy- 
dra or  Actinia  separates  its  buds  from  itself ;  or  when  the  sex- 
ual part  of  the  annelid  worm  subdivides  from  the  asexual  one. 
Cephalism  of  a  low  degree  is  more  readily  recognized  in  the 
aggregated  cephaloids  of  Salpa  than  in  the  undivided  worm, 
but,  unlike  the  latter,  remain  connected  cephaloids  (in  the 
chain)  when  separated  from  the  budding  stock. 

By  thus  dividing  the  body  of  a  Hydromedusa  into  two  parts, 
which  shall  contain,  severally,  the  vegetative  dominant  (i  e., 
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vegeiaiive  cephdbid)  and  the  sexual  dominant,  {%.  e.,  sexual  ceph- 
ahid)  we  avoid  the  absurdity  of  assigning  individuality  to  the 
egg-sac  of  Hydra  and  others  of  its  allies  which  have  evidently 
a  mere  genital  organ.  Although  we  might  be  inclined  to 
admit  that  some  cephalisms  may  gradually  become  complete 
individuals,  as  when  the  buds  of  Actinia  or  Hydra  separate 
fifom  the  parent  body ;  on  the  other  hand  we  must  insist  that 
an  mdiviaual  cannot  retain  the  same  significance  when  reduced 
to  a  mere  genital  orga/n,  as  when,  in  Coryne,  a  free  medusoid 
(Sarsia)  later  in  the  season  becomes  an  ^g-sac ;  or  the  free 
medusa  of  Tubularia  (Ectopleura')  Dumortierii  is  represented  in 
Tubularia  (Thamnocnidia)  spectaoilis  and  Parypha  crocea  bv  a 
plain  sac ;  or  in  SiphonophorsB  where  a  subdivision  may  be  either 
a  sexual  medusoid,  or  a  sexless  swimming-bell,  or  a  mere 
^^scale." 

Under  the  term  cephaiism  we  include  two  forms,  or  morphs, 
viz :  (1^  the  cephcdidy  or  such  subdivisions  of  a  body  as  have 
a  complete  organization,  whether  united  in  common  (as  in  some 
Vorticellidae,  Corals,  Bryozoa,  Crinoid»,  some  Ascidiadae,  and 
Pyrosomidse^  or  separatmg  singly  from  the  main  stock  (as  in 
^dra  and  Actiniae),  and  (2)  me  cephaloidy  or  those  divisions 
01  a  fissigemmating  body  which  do  not  contain  a  complete 
organization,  and  may  be  either  mostly  sexual  (as  the  so-called 
medusa  of  Hydromedusee,  or  the  posterior  divisions  of  Myri- 
anida  and  other  worms,  or  the  jointa  of  Taenia,  or  the  Cerca- 
riae  brood  of  Distoma,  or  the  chain  of  Salpa)  or  mostly  v^eta- 
tive  and  sexless  (as  the  hjdra  of  Hydromedusae,  the  Myrianida 
stock,  the  head  of  Taenia,  the  single,  budding  stock  of  Salpa 
or  the  budding  Cercaria-nurses  of  Distoma.) 


Abt.  X. — On  Laurentian  Rocks  in  Eastern  Massachusetts;  by 
Dr.  T.  Sterry  Hunt^  F.RS. 

In  a  paper  read  before  the  American  Association  for  the 
Advancement  of  Science  at  Washington  in  April,  1854,  and 
published  in  this  Journal  for  September  in  the  same  year,  (vol 
xvii,  page  198,)  I  noticed  the  crystalline  limestones  of  north- 
eastern Massacnusetts,  which  were  described  by  the  late  Dr. 
Hitchcock  as  enclosed  in  the  great  gneissic  and  homblendic  form 
ation  stretching  through  that  portion  of  the  state.  These  lime 
stones,  which  are  met  with  at  various  points  fix)m  Bolton  by 
Chelmsford  on  to  Newburyport,  present  a  close  mineralogical 
resemblance  to  those  of  the  Adirondacks  and  Laurentides,  and 
also  to  those  of  the  Highlands  of  New  York  and  New  Jersey, 
a  resemblance  which  extends  to  the  gneissic  rocks  which  m 
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these  various  regions  accompany  the  crystalline  limestones,  I, 
at  that  time,  accepted  without  examination  the  view  maintained 
by  Mather  and  H.  D.  Eogers,  that  these  limestones  in  southern 
if ew  York  and  New  Jersey  were  altered  Silurian  strata,  al- 
though mineralogically  identical  with  those  farther  north  of 
undoubted  Laurentian  age.  Led  by  this  conclusion  to  attach 
comparatively  little  importance  to  mineralogical  and  lithologi- 
cal  resemblances,  and  guided  by  other  considerations  given  in 
the  paper  just  referred  to,  I  then  suggested  that  the  crystalline 
limestones  and  their  accompanying  rocks  in  northeastern  Massa- 
chusetts might  probably  be  of  Devonian  age.  The  subsequent 
investigations  of  Hall,  Logan  and  Cooke  in  the  Highlands  of 
New  York  and  New  Jersey  have  however  left  no  doubt  that 
these  supposed  altered  Silurian  rocks  are  really  of  Laurentian 
age,  and  led  me  to  suspect  that  the  same  might  be  the  case 
with  those  of  eastern  Massachusetts.  This  view,  which  was 
shared  by  Prof.  James  Hall,  I  ventured  to  put  forward  at  the 
meeting  of  the  American  Association  for  tne  Advancement  of 
Science  at  Salem  in  August,  1869,  when  I  showed  that  it  was 
probable,  not  only  on  lithological  grounds,  but  from  the  fact 
that  the  Laurentian  rocks  appear  to  the  southward  of  the  great 
paleozoic  basin  in  New  Brunswick  and  Newfoundland,  wnich 
are  geologically  but  a  northeastern  prolongation  of  New  Eng- 
land, and  moreover  from  the  outcropping  of  the  lowest  Silu- 
rian strata  at  Braintree  near  Boston.  A  few  days  later  I  visited 
Newburyport,  and  in  company  with  Dr.  Henry  C.  Perkins  of 
that  place,  had,  for  the  first  time,  an  opportunity  of  observing 
the  gneisses  and  limestones  in  (question.  Their  aspect  confirmed 
my  suspicion  of  their  Laurentian  age,  and  led  me  to  suggest  to 
him  the  propriety  of  searching  for  JEozoon  Oanadense  m  the 
limestones  wnich  there  occurs  mingled  with  serpentine.  Speci- 
mens of  it  were  thereupon  placea  in  the  hands  of  Mr.  Bick- 
nell  of  Salem,  well  known  as  a  skilled  microscopist,  and  shortly 
after  it  was  announced  by  Dr.  Perkins  that  Mr.  Bicknell  had. 
discovered  in  them  the  Eo25oon.  This  notice,  which  appeared 
in  September  in  a  Newburyport  journal,  is  reproduced  m  the 
American  Naturalist  for  November.  My  own  specimens  col- 
lected in  August  last  near  Newburyport,  at  the  locality  known 
as  the  Devil's  Den,  did  not  however  furnish  any  traces  of  Eo- 
zoon,  and  I  may  here  remark  that  I  had  already,  so  long  ago 
as  1864,  caused  slices  to  be  made  of  a  specimen  of  limestone 
from  that  locality,  which  were  then  examined  by  Dr.  Dawson 
with  negative  results.  In  November,  however,  Mr.  Bicknell 
visited  Newbuiyport  and  got  fi^m  a  quarry  about  a  quarter  of 
a  mile  distant  trom  the  place  just  mentioned,  specimens  of  a 
serpentinic  limestone  in  which  he  again  found  Eozoon.     Slic^ 
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which  he  has  kindlv  sent  me  have  also  been  examined  by  Dr. 
Dawson,  who  connnns  Mr.  Bickneirs  observation,  and  finds 
in  them  Eozoon  Canadense^  though  fragmentary  and  not  very 
well  preserved.      The  tubuli,  as  in  the  specimens  fix)m  Gren- 
ville,  are  injected  with  serpentine,  and  may  be  seen  on  etched 
surfsBu^es  as  well  as  in  transparent  slices.     A  crystalline  mineral 
is  however  abundantly  disseminated  in  the  limestone,  and  un- 
skilled observers  might  have  difficulty  in  recognizing  the  fossil 
Another  locality,  about  twenty-eight  miles  to  the  southwest- 
ward  of  Newburyport,  has  however  afforded  me  much  better 
specimens.     In  company  with  Mr.  L.  S.  Burbank  of  Lowell,  a 
zealous  and  successful  teacher  of  geology  and  mineralogy,  I 
visited  in  October  last,  the  limestone  quarries  of  Chelmsford, 
some  five  miles  from  LowelL     This  limestone  and  its  accom- 
panying gneiss  closely  resemble  the  Laurentian  rocks  of  other 
r^ons,  and  scapolite,  apatite  and  serpentine  occur  as  associ- 
ated minerals,  though  the  latter  was  rare  in  the  quarries  then 
visited.     A  few  days  afterward  Mr.  Burbank  kindly  sent  me 
specimens  of  a  mixture  of  limestone  and  yellowish-green  ser- 
pentine from  another  quarry  in  the  vicinity,  which  I  had  been 
unable  to  visit,  and  these  nave  proved  to  be  rich  in  Eozoon 
Canadense.     The  continuous  and  complete  calcareous  skeleton 
of  the  fossil  does  not  appear  in  these  specimens,  which  seem 
like  some  portions  of  the  rock  from  Grenville,  as  described  by 
Sir  W.  E.  Jjogan,  to  be  made  up  of  fitigments  of  the  calcareous 
shell  of  Eozoon,  mingled  with  grains  of  serpentine,  and  cemented 
by  crystalline  carbonate  of  lime.     In  the  specimens  fix)m  Gren- 
ville, and  from  most  other  localities,  the  mineral  matter  replacing 
the  sarcode  and  filling  up  the  canals  and  tubuli  in  the  calca- 
reous Eozoon  skeleton,  is  generally  serpentine  or  some  other 
silicate.    Both  Dawson  and  Carpenter  however,  it  will  be  recol- 
lected, found  that  in  the  fragmentary  Eozoon  from  Madoc,  and 
in  some  small  portions  from  Grenvifle,  the  injected  mineral  was 
Uke  the  shell  itself,  pure  carbonate  of  lime,  though  readily  dis- 
tinguishable by  differences  in  texture  and  transparency  from 
the  shell     Such  is  also  the  case  with  all  the  Chelmsford  speci- 
mens yet  examined,  which  abound  in  fragments  of  shell  exhibit- 
ing in  a  very  beautiful  manner  the  cylmdrical  diverging  and 
branching  tubuli    The  accompanying  serpentine  is  disseminated 
in  grains,  but  has  no  connection  with  the  organic  forms,  so  that, 
unSke  the  specimens  in  which  it  is  the  injecting  mineral,  the 
stnicture  of  these  cannot  be  brought  out  bv  etehmg  with  acids. 
These  specimens  from  Chelmsford,  it  should  be  said,  have 
been  examined  and  satisfactorily  identified  by  Dr.  Dawson. 
The  argument  from,  mineralogical  and  lithological  resemblances 
in  favor  of  the  Laurentian  age  of  the  limestone  in  question  is 
therefore  now  supported  by  tne  undoubted  presence  in  them  of 
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Eozoon  Canadense,  In  this  connectioii  it  should  be  said  that 
the  crystalline  rocks  of  Newburyport  and  Salisbury,  though 
separated  in  Hitchcock's  geological  map  from  the  gneisses  to  the 
southwest,  and  united  to  the  syenites  of  Gloucester  and  Rock- 

Eort,  seem  to  me  very  unlike  the  latter,  and  closely  related 
thologicall y  to  the  gneiss  of  Chelmsford,  which  encloses  the 
crystalline  limestone.  The  crystalline  limestones  occurring 
with  eneissic  rocks  near  Providence,  Ehode  Island,  merit  a 
careful  examination  for  Eozoon,  inasmuch  as  from  their  litho- 
logical  characters  they  may  with  probability  be  supposed  to  be 
of  Laurentian  aga 

Montreal,  Dea  13,  1869. 


Art.  XL — Cbntrtbutions  to  the  Chemistry  of  Common  Salt:  toith 
particular  reference  to  our  home  resources  ;*  by  C.  A.  GoESS- 
MANN,  Ph.D.,  Professor  of  Chemistry,  Massachusetts  Agri- 
cultural College,  Amherst 

However  chemists  and  geologists  may  differ  in  regard  to 
the  methods  by  which  chlorid  of  sodium  has  accumulated  in 
the  course  of  time  within  the  waters  of  the  ocean,  there  is  at 
present  but  little  dissent  fix)m  the  opinion,  that  the  ocean  has 
at  all  times  been  charged  with  salt,  and  that  the  saline  residues 
of  the  oceanic  waters  of  former  geological  periods,  together 
with  those  of  the  present  day,  furnish  us  with  our  natural 
sources  of  supply. 

The  salt  of  commerce  is  chlorid  of  sodium  more  or  less  con- 
taminated with  various  saline  admixtures.  These  foreign  sub- 
stances may  differ  in  quality  or  qumitity.  The  differences  in 
the  kind  of  the  foreign  admixtures  are  due  to  the  peculiarities 
of  the  source  used  for  the  manufacture.  The  differences  in  the 
quantity  of  the  impurities,  so  far  as  the  same  kind  of  saline 
compounds  is  concerned,  are  determined  not  only  by  the  con- 
dition of  the  source,  but  also  by  the  mode  of  manufacture  and 
by  the  amount  of  care  bestowed  upon  the  working.  The  fitness 
of  a  salt  for  domestic  and  industrial  purposes  depends  quite  fre- 
quently not  less  on  its  mechanical  condition,  than  on  its  chemical 
purity ;  and  as  the  composition  of  its  natural  as  well  as  its  artifi- 
cial solutions  exerts  a  most  decided  influence  on  both,  it  seems 
but  proper  that  I  should  briefly  consider  the  chief  foreign  saline 
compounds  usually  associated  with  the  chlorid  of  sodium.  To 
do  tms,  we  must  go  back  to  the  primitive  condition  of  our  planet 

Accepting  the  theory  that  our  earth  has  grietdually  passed 

*  Read  before  the  National  Academy  of  Sdenoe  at  its  Northampton  meeting) 
August,  1869. 
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bom  a  gaseous  to  a  solid  condition,  we  may  assume  that  the 
formation  of  chlorid  of  sodium  took  place  mainly  during  the 
last  stages  of  its  consolidation,  at  a  period  when  the  more 
volatile  elements  reacted  upon  each  other,  in  consequence 
of  the  diminution  of  temperature ;  that  subsequently  water 
caused  the  oxydation  of  numerous  chlorids  and  sulphids, 
the  acids  of  sulphur  and  of  chlorine  which  thence  resulted 
acting  upon  the  solidified  surface  of  the  new  planet ;  and,  that 
finally  these  more  or  less  violent  physical  and  chemical  revolu- 
tions resulted  in  the  formation  of  the  primitive  ocean. 

A  more  prolific  field  for  speculation  concerning  the  kind,  the 
extent,  and  the  order  of  succession  of  the  chemical  reactions, 
which  may  have  preceded  or  accompanied  the  formation  of 
this  first  ocean,  cannot  readily  be  conceived,  since  more  com- 
plicated relations  of  matter  and  force  can  scarcely  be  presented 
for  investigation.  Speculations  upon  the  last  stages  of  the 
chaos,  therefore,  are  very  likely  to  lead  us  into  a  chaos  of 
chemistry ;  for — to  point  out  but  one  circumstance — ^the  very 
important  question  a3  to  the  relative  intensity  of  the  various 
chemical  agencies  which  may  have  been  in  action  at  any  riven 
point,  is,  and  will  always  be,  a  mere  matter  of  conjecture.  Inas- 
much as  all  our  knowledge  concerning  chemical  affinity,  has 
been  obtained  by  experimenting,  under  well  defined  conditions 
and  on  a  comparatively  very  limited  scale,  it  is  evident  that  the 
application  even  of  well  established  chemical  laws  to  the  deter- 
mination of  the  violent  reactions  of  the  atmospheric  agencies 
of  that  period  upon  the  solid  crust  of  our  earth,  should  be 
made  with  caution.  We  are  not  without  ingenious  statements 
concerning  the  chemistry  of  that  stage  of  our  planet's  history ; 
yet,  as  their  details  in  many  instances  are  and  always  will  be 
subiects  of  controversy,  I  deem  it  advisable  to  give  merely  an 
outline  of  those  probable  chemical  and  physical  changes  which 
bear  directly  upon  the  question  here  under  discussion. 

Taking  into  consideration  the  peculiar  constitution  of  primi- 
tive rocks,  their  present  surface  condition,  and  the  predonunance 
in  them  of  silicic  acid,  in  connection  with  the  probable  character 
of  the  primitive  atmosphere,  there  appears  to  be  some  force  in 
the  suggestion,  that  the  decomposition  of  the  silicates  of  iron, 
of  alumina,  of  lime,  of  magnesia,  of  potassa,  and  of  soda,  by 
means  of  sulphuric  acid,  and  particidarly  of  hydrochloric  acid, 
may  have  famished  the  salme  constituents  of  this  primitive 
ocean.  The  compounds  resulting  from  this  chemical  action 
being  soluble  in  water,  at  least  in  part,  were  continually  carried 
away  in  solution  and  accumulated  finally  in  lakes  and  oceans. 
The  chemical  composition  of  those  oceanic  waters  was  depend- 
ent, therefore,  on  tne  nature  and  the  extent  of  the  surface  disin- 
t^ration,  the  concentration  as  well  as  the  relative  proportion  of 
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their  saline  constituents  being  very  different  from  that  found  at 
present  But  on  the  other  hand  we  must  concede,  that  an  entire 
elimination  of  one  or  more  of  these  constituents  could  only  be 
accomplished  by  such  aa  alteration  in  the  physical  and  chemical 
condition  upon  our  planet,  or  in  the  nature  of  the  disintegrating 
agencies,  as  would  create  new  affinities  of  sufficient  power,  to 
alter  the  originally  existing  compounda  The  composition  of 
the  present  ocean,  as  compared  with  that  of  saline  deposits  of  a 
more  ancient  date,  requires  the  assumption  of  such  revolutioniz- 
ing causes;  causes,  however,  which  may  be  looked  upon  as 
merely  a  natural  consequence  of  the  lapse  of  time  during  the 
history  of  our  earth.  The  same  agencies  in  fact,  which  are  still 
at  work  in  effecting  changes  in  the  character  of  the  saline  com- 
pounds of  the  present  ocean,  suffice  to  explain  the  gradual  trans- 
formation of  the  primitive  ocean  into  that  of  the  present  day. 
The  mineral  acids,  the  presence  of  which  we  had  reason  to 
suspect  in  the  primitive  ocean,  became  neutralized  by  degrees, 
and  ceased  to  react  upon  the  newly  exposed  rock ;  and  as  the 
temperature  diminished,  anew  disintegrating  agent,  carbonic  acid, 
became  active.  This  acid,  then  so  abundant  m  the  atmosphere, 
aided  by  water  and  oxygen,  and  later  by  vegetable  and  animal 
life,  though  a  slower  is  by  no  means  a  less  powerful  agent  in 
effecting  the  decomposition  of  exposed  rocKs ;  it  has  enriched 
and  is  still  enriching  the  ocean  with  saline  compounda  Car- 
bonates and  silicates  of  alkalies  and  alkaline  earths  were  in  this 
way  introduced  into  the  oceanic  waters ;  and  thus  a  gradual 
removal  of  metallic  and  earthy  oxyds,  and  in  some  cases  of 
those  of  the  alkaline  earths  also,  was  effected.  The  sulphuric 
acid,  exchanging  the  oxyds  of  the  earths  and  the  metals  for 
lime,  formed  a  less  soluble  sulphate,  so  that  the  amount  present 
became  dependent  upon  concentration  and  temperature.  The 
chlorine  changed  from  its  combinations  with  earths  and  metals, 
only  to  the  equally  soluble  compounds  of  the  alkalies  and 
alkaline  earths.  Taking  the  chlorid  of  calcium,  for  example, 
which  thus  far  has  been  noticed  in  every  salt  deposit  of  ante- 
tertiary  date,  and  which  must  have  been  therefore  one  of  the 
original  constituents  of  the  ocean  from  which  the  salt  originated, 
we  find  it  necessary  to  believe  that  the  chlorids  must  have  al- 
ways exceeded  the  sulphates ;  since  an  excess  of  any  sulphate, 
except  sulphate  of  lime,  would  have  caused  the  decomposition 
of  the  chlorid  of  calcium.*  An  increase  of  the  chlorids  of  the 
alkaline  earths,  as  of  calcium  and  magnesium,  and  of  the 
alkalies,  particularly  of  sodium,  if  we  may  judge  from  the 
present  composition  of  the  ocean,  was  the  final  result  of  the 

*  The  supposition  that  chlorid  of  calcium  was  one  of  the  primitive  constituents, 
can  only  lose  its  force  when  some  other  general  cause  for  its  universal  diffusion 
can  be  pointed  out 
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changes  now  indicated.  The  agencies  which  produced  these 
changes  are  still  at  work ;  and  hence  the  oceanic  waters  of  the 
present  day  are  liable  to  similar  alteration  in  composition.  There 
are  reasons  to  suppose  that  for  some  time  past  one  of  the  main 
changes  has  been  the  decomposition  of  the  sulphate  of  lime  by 
carbonate  of  magnesia,  forming  carbonate  of  lime,  sulphate  of 
soda  and  chlorid  of  magnesium.  The  latter  compounds  are 
characteristic  of  the  salt  deposits  of  recent  date,  as  well  as  of 
the  present  marine  waters ;  they  could  make  their  appearance 
only  after  the  chlorid  of  calcium  had  been  removed.  There 
are  of  course  various  other  means,  by  which  this  result  may 
have  been  accomplished ;  but  I  prefer  to  confine  myself  to  the 
one  now  given,  as  being  of  particular  interest  in  view  of  the 
fact,  that  chlorid  of  calcium  is  a  characteristic  constituent  of  the 
ante-tertiary  ocean.  These  changes  in  the  oceanic  waters  ex- 
tend apparently  over  long  periods  of  time ;  they  are  more  likely 
the  resmt  of  a  prolonged  than  of  an  intense  action, — even  from 
the  beginning.  For  these  reasons  it  must  always  be  quite  dif- 
ficult to  point  out  with  anything  like  a  certainty,  the  condition, 
and  the  composition  of  the  ocean  waters,  during  the  successive 
stages  in  the  geological  development  of  our  planet.  All  we 
can  venture  to  assert  upon  that  point  may  be  summed  up  in  the 
following  statements  '.—first :  the  similarity  of  certain  extensively 
distributed  metalliferous,  and  other  deposits  within  the  crevices 
and  fissures  of  primitive  rocks,  finds  an  apparently  satisfactory 
explanation  in  the  assumption,  that  their  K)rmation  is  due  to  a 
more  or  less  localized  precipitation,  under  circumstances  similar 
to  those  we  have  supposed  to  exist  in  the  primitive  ocean; 
second ;  the  saline  compounds  contained  in  the  oceanic  waters 
of  ante-tertiary  date  appear  to  differ  essentially  from  those  of 
the  present  day ;  the  solutions  of  the  primitive  saline  deposits 
of  oistinctly  ante-tertiary  date  containing  in  every  instance, 
more  or  less  chlorid  of  calcium,  while  the  waters  of  our  present 
ocean  are  characterized,  instead,  by  an  excess  of  soluble  sul- 
phates, as  sulphate  of  magnesia  and  of  soda  for  instance, 
which  renders  the  existence  there  of  chlorid  of  calcium  impos- 
sibla  We  do  not  hesitate  on  the  strength  of  these  observa- 
tions, to  speak  in  general  terms  of  a  primitive  ocean, — of  an 
ante-tertiary  or  Silurian  ocean,  and  of  a  Post-tertiary  ocean,  in- 
cluding in  the  latter  that  of  the  present  day. 

Whenever  during  the  various  geological  epochs  a  larger  or  a 
smaller  body  of  salt  water  was  cut  off  from  the  main  ocean,  either 
in  consequence  of  a  receding  of  the  ocean,  an  infiltration  into  natu- 
ral basins,  or  of  changes  in  the  level  of  the  strata,  and  was 
subsequently  placed  under  favorable  climatic  conditions  for  its 
evaporation  and  the  subsequent  preservation  either  in  whole 
or  m  part  of  its  saline  residue,  then  a  salt  deposit  was  pro- 

Am.  Jour.  Sci.-  Second  Ssbibs,  Vol.  XJ^IX,  No.  146.— Jaw.,  1870. 
6 


Digitized  by  VjOOQ  IC 


82        C  A,  Ghessmaain  on  the  Ohemisiry  of  Common  SoUt 

duceA  Such  saline  residues,  commonly  known  as  rock  salt, 
have  been  found  in  almost  every  geological  horizon,  from 
the  Silurian  upward,  and  in  many  localities  they  are  still 
forming  at  the  present  time.  Sometimes  several  independent 
deposits  occur  one  above  the  other,  interstratified  with  the 
rocks  of  the  same  geological  basin. 

Most  of  the  foreign  salts  which  accompanied  the  chlorid  of 
sodium  in  the  marine  waters,  being  more  soluble  than  the 
chlorid  of  sodium  itself,  accumulated  during  the  evaporation 
in  the  residual  licjuid,  commonly  known  as  mother-liquor,  which 
covered,  at  least  m  part,  the  separated  crystalline  mass  of  chlorid 
of  sodium  and  sulphate  of  lima  The  amount  of  these  salts 
and  the  manner  in  which  they  overlie  the  solid  saline  mass,  is 
dependent  on  the  form  and  the  shape  of  the  basin  in  which 
the  deposits  accumulated.  As  these  mother-liquors  uniformly 
contained  a  large  number  of  deliquescent  compounds,  we  must 
assume  very  favorable  climatic  and  meteorological  conditions  to 
account  for  their  evaporation,  since  the  rate  at  which  this  took 
place,  must  have  exceeded  by  far  that  of  the  precipitation  of 
moisture.  Whether  such  a  state  of  the  atmosphere  was  the 
general  rule  in  former  ages,  is  of  course  quite  uncertain.  More- 
over, although  actual  investigations  have  demonstrated  the  entire 
absence  not  unfrequently  of  the  upper  layers  of  such  saline  de- 
posits, this  fact  cannot  be  admitted  as  an  argument  against  the 
assumption  of  a  common  marine  origin  of  all  salt  deposits. 
Foi^  even  granting  that  in  former  geological  €^es,  the  extraor- 
dinary state  of  the  atmosphere  did  exist,  which  would  be  re- 
quired to  effect  the  solioij&cation  of  the  entire  saline  mass — 
mother-liquor  and  all — ^there  remain  numerous  subsequent 
influences,  by  which  a  part  or  the  whole  of  the  saline  residue  of  the 
original  mother-liquors,  even  after  their  complete  solidification, 
could  have  been  removed  from  a  saline  deposit  In  fact,  c<m- 
sidering  the  many  casualties  to  which  these  saline  accumula- 
tions are  liable  in  the  course  of  time,  it  would  be  strange  indeed, 
if  many  entire  and  well  preserved  marine  salt  deposits  should 
be  found. 

We  may  assume  then  with  some  propriety,  in  cases 
where  salt  deposits  are  foimd  without  their  associated  foreign 
saline  compounds,  that  these  have  been  lost,  either  by  oozing 
out,  never  having  been  solidified,  or  after  solidification,  have 
been  removed  by  the  percolation  of  surface  waters,  by  sub- 
terranean currents,  by  peculiar  secondary  chemical  and  physi- 
cal reactions  or  by  erosive  action  on  the  surface  layers.  In  all 
probability  quite  as  many  deposits  have  been  modified  in  their 
physical  and  chemical  characters  by  the  subsequent  elevation 
of  their  enclosing  strata,  a  circumstance  which  must  have  favored 
ihe  percolation  of  surfEice  moisture,  as  have  been  changed  by 
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denudation.*  Indeed  these  changes  have  sometimes  gone  so 
far  as  to  leave  nothing  but  the  layers  of  gypsum  which  are  the 
substratum  of  all  well  investigated  rock-salt  deposits. 

As  the  circumstances  necessary  for  the  preservation  of  entire 
salt  deposits,  or  saline  marine  residues  can  scarcely  have  been 
the  same,  even  throughout  the  same  geological  age,  it  is  not  sur- 
prising, that  these  deposits  so  frequently  differ  in  their  physical 
and  chemical  characters.  In  fact  there  is  at  present  but  one 
salt  deposit  known,  and  its  discovery  is  of  quite  recent  date 
(Stassrarth),  where  the  entire  saline  mass  of  the  ocean  has  been 
preserved ;  in  this  deposit  the  various  saline  compounds  are 
to  a  large  extent  arranged  in  lajers,  which  correspond  closely 
with  the  degree  of  their  solubility ;  yet  even  in  this  one  instance 
there  are  facts  noticeable,  which  leave  no  doubt  that  portions  of 
the  deposit  have  been  exposed  to  peculiar  disturbing  influences 
at  a  later  date. 

But  not  only  may  salt  deposits  be  placed  under  conditions 
which  permit  tneir  re-solution,  there  may  be  in  addition  a  re-evap- 
oration of  this  solution,  producing  a  secondary  salt  deposit 
This  requires  only  a  repetition  of  the  circumstances,  which 
fevored  the  formation  and  preservation  of  the  original  one. 
A  primary  salt  deposit  may  be  dissolved  entirely  or  only  in 
part ;  in  either  case  the  solution  may  or  may  not  be  changed  in 
composition  by  filtering  through  the  adjacent  beds..  Both 
primary  and  secondary  salt  deposits  may  occur  in  the  same 
geological  {Post- Silurian)  formation.  Secondary  reactions  of  a 
physical  as  well  as  a  chemical  nature  too  may  alter  the  character 
of  the  surrounding  geological  formations,  and  thus  may  indirectly 
affect  the  composition  of  a  salt  deposit,  as  is  the  case  for  instance 
at  StassfurtL  The  conditions  which  have  now  been  given 
may  suffice  to  explain  to  us  the  great  variations  we  notice  in 
the  chemical  composition  both  of  rock  salt  and  of  brines ;  they 
may  also  serve  as  a  suitable  illustration  of  the  great  risk  we 
incur,  when  we  assume  to  draw  conclusions  of  an  absolute 
character  from  the  geological  formation  in  which  the  salt  deposit 
has  been  found,  as  to  the  chemical  composition  of  the  oceanic 
waters  of  that  geological  age. 

With  these  preliminary  remarks  upon  the  origin  of  chlorid  of 
0odium  and  its  associated  salts,  I  pass  on  to  consider  the  main 
sources  of  supply  of  common  salt,  with  particular  regard'  to 
those  of  this  country. 

The  leading  sources  of  supply  for  the  manufacture  of  salt, 
as  already  stated,  are  three  in  number.  Bock  sait^  Brines,  and 
Sea^vcUer.  A.  Bock  salt :  From  what  has  been  said  it  is  manifest 
that  rock  salt  from  different  localities  nuiy  differ  widely,  both  in 

*  As  ^  rock  salt  deposit  of  Petit  Anae,  Louisiaiia,  for  example,  and  most  likelT' 
tibat  whidi  furnishes  the  brines  of  Onondaga. 
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physical  and  chemical  properties.  Usually  it  occurs  either  in 
densely  aggregated  masses  of  distinctly  cubical  crystals,  or  in 
compact  masses  having  a*  conchoidal  fracture ;  it  is  frequently 
colorless  and  transparent,  yet  is  more  often  either  red,  yellow, 
or  blue,  rarely  green.  Its  most  frequent  saline  admixtures  are 
1st,  sulphate  of  lime,  the  chlorids  of  calcium,  magnesium,  and 
potassium,  and  the  bromid  and  iodid  of  magnesium  ;  or  2d,  the 
sulphates  of  lime,  magnesia,  and  soda,  the  chlorid,  bromid,  and 
iodid  of  magnesium,  etc.  A  rock  salt,  which  contains  more 
than  from  2  to  3  per  cent  of  these  impurities  is  unfit  for  domestic 
uses ;  and  a  salt  which  contains  carbonate,  nitrate  or  borate  of 
soda,  or  similar  foreign  substances  is,  especially  in  its  natural 
state,  frequently  unfit  even  for  many  manufacturing  purposes 
also. 

Eock  salt  deposits  are  frequently  intercalated  with  layers  of 
gypsum  and  clay,  a  fact  due  to  the  successive  periods  of  evap- 
oration ;  such  conditions  require  especial  care  in  mining  the 
salt  Colorless  and  dry  rock  salt  deposits  having  a  fair  composi- 
tion and  easy  of  access  are  mined  directly  with  advantage ;  the 
salt  obtained  thereby,  after  being  brought  into  a  desirable  form, 
is  directly  applicable  to  most  domestic  purposes,  particularly  meat 
packing.  Colored  salt  deposits,  or  those  which  suffer  from  per- 
colating waters,  or  which  contain  a  large  amount  of  foreign 
saline  admixture,  or  clay ;  or  finally,  those  which  are  located  at 
very  great  depths,  if  worked  at  all,  are  usually  dissolved,  and 
their  solutions  treated  like  brines. 

The  northern  part  of  this  continent  contains  numerous  salt 
deposits ;  some  quite  recently  discovered,  like  that  upon  Petit 
Anse  Island,  Vermilion  Bay,  Louisiana,  the  one  in  Canada 
West,  at  Goderich  on  the  shores  of  Lake  Huron,  and  also  that  of 
Neyba,  St  Domingo,  West  Indies,  being  of  particular  interest 
Newspaper  reports  too  tell  of  mountains  of  rock  salt  in  Arizo- 
na and  Nevada.  The  salt  deposit  at  Goderich  is  buried  in  the 
shales  of  the  upper  Silurian  (T.  S.  Hunt),  at  a  depth  of  fix)m 
eight  to  nine  hundred  feet ;  it  is  about  forty  feet  tnick,  covers 
so  far  as  present  indications  show,  dozens  of  square  miles,  and 
is  in  close  proximity  to  Lake  Huron ;  its  solution  famishes  the 
superior  brmes  at  GodericL*  The  salt  deposit  of  Petit  Anse, 
Louisiana,  is  apparently  imbedded  in  Quaternary  formations  (E. 
W.  Hilgard),  and  is  covered  merely  by  a  diluvial  drift  from  16 
to  18  feet  in  thickness ;  its  extent  is  unknown,  having  been  but 
partially  explored.  It  is  accessible  by  sea  and  by  land,  and  is 
within  276  miles  of  the  mouth  of  the  Mississippi  river.  This 
Petit  Anse  rock  salt,  so  far  as  at  present  exposea,  is  one  of  the 

*  Report  on  the  Salt  BeaouroeB  of  Goderich,  Canada  West,  by  Ohas.  A.  Goeas- 
mann;  Syiaouse,  N.  Y.,  January,  1868. 
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purest  on  record.*  At  the  present  time  there  is  but  little  rock 
salt,  as  such,  used  in  the  United  States.  Natural  solutions 
of  rock  salt  ftimish  us  with  the  brines  of  Saltville  in  North 
Western  Virginia,  of  Goderich,  Canada  West,  and,  as  I  believe, 
of  Onondaga,  N.  Y. 

B.  Brines, — ^Brines  are  either  natural  or  artificial ;  that  is,  they 
are  either  natural  solutions  of  saline  deposits,  or  they  are  made 
artificially  by  dissolving  rock  salt  In  regard  to  natural  brines 
we  are  quite  fr^uentlv  ignorant  of  the  exact  location,  the 
extent  ana  the  nature  oi  the  saline  mass  from  which  they  ori- 
ginate, while  in  the  case  of  artificial  brines,  we  are  familiar  at 
least  to  some  extent,  with  the  nature  of  the  sources  from  which 
our  supply  is  drawn. 

Brines  diflfer  in  strength  and  in  composition,  scarcely  two  of 
them  being  alika  In  strength  they  vary  fix)m  three  to  twenty- 
six  per  cent  of  saline  matter,  though  weak  brines  are  frequent- 
ly strengthened  for  manufacturing  purposes  by  adding  rock 
Bait  Their  composition  depends  on  the  peculiar  nature  of  the 
original  source,  and  on  the  secondary  influences  to  which  they 
are  exposed  in  passing  to  the  surface ;  an  intercepting  stratum 
often  modifying  materially  their  original  composition,  f  More- 
over brines  from  the  same  salt  deposit  frequently  differ  widely 
in  composition  ;  the  upper  parts  of  the  deposit  containing  as  a 
general  rule,  more  of  the  foreign  salts  than  the  lower  portion  ; 
the  exceptions  being  accounted  for  by  extensive  surface  erosions 
and  percolating  waters.^  Again,  the  upper  layers  of  salt  de- 
posits being  more  exposed  to  surface  action,  as  for  instance,  to 
mfiltrations,  which  may  cause  chemical  changes,  are  thus  partic- 
ularly liable  to  suffer  from  the  accumulation  of  foreign  admix- 
tures, derived  fix)m  the  disintegration  of  the  overlying  rocks. 
Brines  originating  from  the  surface  layers  of  a  salt  deposit  are 
therefore  usually  inferior  in  composition  to  those  coming  from 
its  lower  portion. 

The  impurities  of  brines  are  those  which  are  found  in  rook 
salt,  but  in  many  instances  they  contain  also  the  carbonates  of 
lime,  magnesia,  and  protoxyd  of  iron,  carbonic  acid,  and  hy- 
diosulphuric  acid,  besides  organic  matters.  These  last  named 
have  found  acce%  to  the  brine  in  most  cases  during  its  passage 
to  the  surface. 

Brines  are  divided§  according  to  the  character  of  the  saline 
admixture,  into  two  classes ;  those  of  the  first  class  contain  the 

^^  See  mj  statement  in  a  report  of  the  American  Bureau  of  Mines,  On  the  rode 
aUt  deposit  of  Petit  Anse,  etc^  New  Toric,  1867  ;  and  also  Dr.  E.  W.  Hilgard'a 
statements  in  Proceedings  of  American  Assoa  for  the  Advanoement  of  Science, 
A.ug«,  1868. 

4  See  my  contribution  to  the  Chemistry  of  Mineral  waters,  eta  Syracuse,  N.  T., 
Feb.,  1866,  also  this  Jour.,  1866. 

1  See  mj  contribution  to  the  Chemistry  of  Brines,  this  Jour.,  July,  1867. 

g  Ibid.,  p.  80. 
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chlorids  of  calcium  and  magnesium,  and  sulphate  of  lime; 
those  of  the  second  class  contain  no  chlorid  of  calcium,  but 
only  chlorid  of  magnesium,  with  the  sulphates  of  lime,  soda 
ana  magnesia ;  the  first  class  are  supposed  to  originate  chiefly 
from  the  saline  residue  of  the  oceanic  waters  of  ante-tertiary 
date,  while  the  second  class  represent  most  probably  deriva- 
tives of  the  former.  All  the  brines  found  east  of  the  Missis- 
sippi river  belong,  so  far  as  my  own  information  extends,  to  the 
first  class,  as  they  contain  chlorid  of  calcium.  The  second 
class  of  brines  is  largely  represented  west  of  that  river ;  for 
instance  in  Nebraska,  Kansas,  and  Arkansas. 
L  \st  Class  of  brines  and  salt* 

a       eS 
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I.  II.  I.  IL 

Sulphateoflime,  0-6433  0-574'?  0-0765  0-4887  008810  1060  traces  0*2978 
Chlorid  of  calcium,  0-0216  0-1533  2-9422  0-4020  1-1360  0-6140  07009  11793 
Ohl'dofmagne8H'>'0336  0-1440  1-2616  03710  0-4744  0-0409  0-7312  0*9587 
**  of8odlum,eta24-I433  16-5317  19*8595  126316  928  95*7  6*7684  9*8962 
Water,  74-8        83-  76  86*0.         6-9        3*4    91*         87* 

IL  2d  Class  of  brines  and  salt ;  it  includes  all  kinds  of  salt 
made  fix)m  oceanic  waters.* 

Nebraalut  (brine),  NebrMk*  (ult).  Kumm  (ult). 

Sulphate  of  lime,  0*1266  0-2475  11222 

Sulphate  of  soda,  0*5808  0*3912  0*3511 

"        "    magnesia,                              01794 

Chlorid  of  magnesium,  0*1542  0*0790  0*2400 

Ohlorid  of  sodium,  etcl,  0*3150  9812  93-06 

Water,  90*  0*8  4*8 

The  value  of  a  brine  for  manufacturing  purposes  does  not 
depend  entirely  either  upon  its  density  or  upon  the  relative 
percentage  of  chlorid  of  sodium  and  of  foreign  saline  admix- 
tures ;  the  hind  of  the  impurity  is  of  the  greatest  importance  ; 
for  instance,  the  sulphate  of  lime  and  even  the  sulphate  of 
soda  are  considered  far  less  objectionable,  within  proper  limits, 
than  a  corresponding  amount  of  the  deliquescent  chlorids  of 
calcium  and  magnesium. 

Saline  springs  are  scattered  all  over  the  United  States,  their 
number  having  been  largely  increased  by  the  recent  extensive 
explorations  for  oil ;  the  amount  of  brine  which  they  can  yield 
is  apparently  inexjiaustible.  Foremost  among  them  are  the 
brines  of  New  York,  (Onondaga  co.),  southeastern  Ohio,  western 
Virginia,  Michigan,  Pennsylvania,  and  of  late  Nebraska  and 
Kansaa  The  brmes  of  New  York,  Ohio,  Virginia,  Pennsylvania, 
Michigan,  Tennessee,  Kentucky,  and  Canada  West,  resem ole  each 

*  These  aaaljtical  statements  bj  no  means  express  the  commeroial  value  and  the 
relative  purity  of  the  salts  and  brines,  they  daim  merely  to  indicate  their  peculiar 
dbaraoter. 
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other  closely.  They  all  belong  to  the  first  class  of  brines,  and 
all  contain  chlorid  of  calcium  ;  they  differ  merely  in  the  relative 
proportion  of  the  impurities  which  they  contain.  The  brines 
of  liincoln  co.,  Nebraska,  and  of  Smoky  Hill  river  valley, 
Kansas,  etc,  contain  chlorid  of  magnesium,  and  the  sulphates 
of  lime  and  soda,  but  no  chlorid  of  calcium.  They  represent  the 
second  class  of  brines.  Most  of  the  saline  waters  of  this 
country  are,  even  in  their  natural  state,  strong  enough  to  be 
worked  directly  by  artificial  heat  All  our  home  mamSactured 
salt,  coarse  as  well  as  fine,  with  the  exception  of  a  small 
quantity  obtained  fix)m  sea-water,  has  thus  far  been  made  fix)m 
natural  brines;  fully  one  half  of  the  whole  amount  for  a 
number  of  years  having  been  obtained  from  the  brines  of 
Onondaga,  New  York  State. 

C.  Sea-water, — The  water  of  the  ocean  is  a  weak  brine ;  it 
contains  from  three  and  one  half  to  four  per  cent  of  saline  matter, 
of  which  three  fourths  is  chlorid  of  sodium  and  one  fourth  is  im- 
purities ;  it  is  free  from  chlorid  of  calciuin,  and  belongs  pro- 
perly to  the  second  class  of  natural  brines.  Its  impunties 
consist  mainly  of  chlorid  of  magnesium,  the  sulphates  of  lime, 
magnesia  and  soda,  besides  smaller  quantities  of  chlorid  of 
potassium,  bibmid  and  iodid  of  magnesium,  and  carbonate  of 
lime,  with  traces  of  oxyd  of  iron,  etc.  Sea-water  varies  but 
little  in  composition  and  concentration,  except  in  localities 
where  either  a  limited  body  of  water  is  prevented  from  unre- 
stricted communication  with  the  ocean,  or  where  a  large 
influx  of  fresh  water  causes  its  dilution.  It  represents  the 
main  source  of  supply  for  the  manufacture  of  salt  in  France, 
Portu^l,  Spain,  Italy,  the  West  Indies,  and  Central  and  South 
America ;  it  is  used  also  largely  for  the  production  of  salt  in  Eng- 
land, Belgium  and  Holland,  being  frequently  employed  for  the 
solution  of  rock  salt  of  inferior  color.  In  the  United  States  it 
has  been  turned  to  advantage  but  to  a  very  limited  extent 
Three  hundred  to  three  hundred  and  fifty  thousand  bushels 
cover,  in  aU  probability,  our  present  production  of  salt  fix)m  sea- 
water.  The  States  of  Massachusetts,  North  Carolina  and 
Florida  on  the  Atlantic,  and  of  CaUfomia  on  the  Pacific 
Ocean,  have  mainly  been  interested  in  this  branch  of  industry. 
The  late  increase  in  the  production  in  Florida,  and  on  the 
Pacific  coast,  more  than  compensates  for  the  falling  off  elsewhere. 
In  concluding  this  paper  it  may  be  well  to  re-state  the  fact, 
that  the  comparative  commercial  value  of  various  samples  of  salt, 
80  far  as  their  composition  is  concerned,  does  not  always  depend 

rthe  relative  proportion  of  chlorid  of  sodium  to  foreign 
xtura  A  mere  analytical  statement  giving  the  percentage 
of  impurity,  without  specifjing  its  kind  and  nature,  gives  no 
reliable  standard  by  which  to  pronounce  upon  their  commercial 
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value,  since  the  various  impurities,  whicli  the  salt  has  retained, 
are  objectionable  in  quite  different  degrees ;  thus  a  sample  which 
contains  from  one  to  one  and  a  half  per  cent  of  foreign  salts, 
consisting  almost  exclusively  of  sulphate  of  lime,  may  claim  to 
be  a  verv  fair  article  of  common  salt ;  whilst  if  it  contains  but 
one  half  of  that  amount  of  the  chlorids  of  calcium  and  mag- 
nesium or  of  the  sulphates  of  soda  and  magnesia,  together 
with  the  chlorid  of  magnesium,  or  of  the  carbonates  of  lime 
and  magnesia,  it  would  be  considered  quite  objectionable,  at 
least  for  table  and  dairy  purposes.  Again,  the  superior 
fitness  of  a  sample  of  salt  for  many  domestic  purposes, 
does  not  depend  entirely  on  its  chemical  composition ; 
its  mechanical  condition  is  quite  frequently  of  not  less  impor- 
tance. A  well  devised  mode  of  manufacture,  ought  there- 
fore, not  only  to  aim  at  the  most  perfect  removal  of  foreign 
impurities,  it  must  also  secure  to  the  salt  the  best  mechanical 
condition.  The  manufacturer  in  selecting  a  mode  of  working 
is  consequently  limited  in  his  choice ;  he  must  often  sacrifice 
purity  to  mechanical  condition,  being  obliged  to  adopt  a  method 
which  promises  to  secure  most  economically  a  desirable  article 
froxa  his  brine  in  the  purest  condition  possible.  So  far  as  the 
form  is  concerned  there  are  two  kinds  of  salt  in  commerce ; 
(a),  coarse  salt  including  salt  made  by  solar  heat,  and  rock  salt 
crushed  to  a  suitable  size ;  and  (b),  common  fine  salt^  or  boiled 
salt  obtained  by  artificial  heat  and  more  rapid  evaporation ; 
both  kinds  have  their  special  market  value.  The  amount  of 
salt  consumed  for  the  promotion  of  animal  life  far  exceeds  that 
required  by  vegetables,  but  the  amount  demanded  for  meat 
packing  and  for  the  dairy  business  is  very  much  larger.  In 
the  inaustrial  arts,  we  can  scarcely  claim  that  any  of  our  home 
resources  have  been  turned  to  account  A  proper  exposition 
of  the  various  uses  to  which  salt  is  applied  in  cnemical 
manufacturing  industry  would  be  a  description  of  one  of  the 
most  important  chemical  arts  of  the  present  day.  To  do  justice 
to  this  question  would  require  more  time  than  I  feel  entitled  to 
claim.  I  shall  therefore  confine  myself  merely  to  the  presenta- 
tion of  a  few  statistics  in  regard  to  the  quantity  annually  pro- 
duced. 

England  produces  from  thirty  to  thirty-two  millions  of 
bushels  of  salt,  (56  lbs.  each),  of  which  seventeen  millions  are 
used  for  the  manufacture  of  soda  ash,  sal  soda,  caustic  soda, 
bicarbonate  of  soda,  hydrochloric  acid,  bleaching  powder,  etc., 
etc,  while  about  two-thirds  of  the  rest  is  exported,  leaving 
scarcely  one-fifth  of  its  whole  production  for  domestic  consump- 
tion.*   The  production  of  salt  in  the  United  States  amounts  at 

*  England  abolished  its  tax  on  salt  in  1823.  The  prioe  has  varied  only  within 
narrow  limits  for  many  years  past ;  the  production  in  some  localities  has  changed 
much  since  that  time ;  for  instance,  Worcestershire  produced  in  1823  but  9,000 
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present  to  from  sixteen  to  eighteen  millions  of  bushels,  and  the 
consumption  to  from  thirty-two  to  thirty-four  millions  of  bushels  ; 
in  other  words,  almost  one  bushel  to  every  head  of  its  popula- 
tion. This  large  consumption  of  salt  is  due  to  our  extensive 
meat  packing  and  dairy  business  ;  the  consumption  for  manu- 
&cturmg  purposes  being  scarcely  worth  mentioning.  Almost 
one-half  of  the  amoimt  of  our  present  consumption,  it  will  be 
noticed,  is  imported.  We  must  consequently  increase  our  pro- 
duction to  twice  the  present  amount,  if  we  would  supply  our 
pr^icnt  demand ;  and  if  we  would  support  the  industrial  arts  at 
the  rate  England  does,  we  must  increase  this  production  more 
than  three  times.  Our  natural  sources  of  supply  would,  even 
in  their  present  incomplete  state  of  development,  suffice  to 
ftimish  the  amount  required.  Our  prospects  might  therefore 
be  considered  highly  gratifying,  if  the  question  of  quantity 
only  were  involv^  But  as  the  cheapness  of  the  raw  material 
and  of  labor  are  not  less  important  points,  which  ought  to  be 
duly  weighed  before  entering  upon  a  new  industrial  enterprise 
in  which  skill  and  capital  have  for  years  secured  a  monopoly  in 
the  market,  we  must  acknowledge  that  we  are  not  yet  fully 
prepared  to  enter  the  lists  as  successful  competitors.  Some 
of  our  older  salines  are  not  yet  sufficiently  explored  to  warrant 
the  expectation  of  a  cheap  supply  fh>m  them  in  their  present 
condition,  and  many  of  our  recently  discovered  brines  are  too 
far  from  cheap  communication  or  from  centers  of  skill  and 
industry,  to  be  to  any  extent  available  for  our  present  emer- 
gencies. 

In  some  of  the  countries  in  Europe,  where  the  government 
holds  the  salt  monopoly  for  revenue  purposes,  the  practice  has 
for  obvious  reasons  oeen  adopted  of  taxmg  the  salt  used  for 
domestic  purposes,  while  the  salt  used  for  manufacturing  pur- 
poses is  supplied  at  cost,  being  first  rendered  unfit  for 
domestic  application  by  the  addition  of  ground  charcoal, 
oxyd  of  iron,  eta  These  additions  are  selected  with 
reference  to  the  particular  use  for  which  the  salt  is 
intended.  May  intelligently  directed  individual  enterprise, 
supported  by  a  wise  legislation,  soon  recognize  the  pro- 
per means  by  which  our  home  production  may  be  best  stimu- 
lated, and  thus  our  chemical  industry  receive  the  most  important 
element  for  its  successful  and  rapid  development 

tons,  while  it0  present  produ'^on  is  200,000  tons;  the  Cheshire  salt  works  are 
ofipable  of  making  one  million  of  tons  per  year;  in  both  cases  the  sources  of  sup- 
idy  exceed  the  demand.  The  Worcestershire  works  export  annually  50.000  tons, 
while  the  Cheshire  works  export  650,000  tons.  The  Stoke's  works  employ  500 
hands,  produce  about  3,000  tons  per  week,  consuming  1,500  to  2,000  tons  of  coal 
A  (air  workman  at  2s.  per  ton  will  make  28&  per  week. — {Chem,  News^  No.  3*77, 
Feb.,  1867,  page  88. 

Amherst,  Mass.,  August,  1869. 
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Art.  XII. — Account  of  a  fall  of  Meteoric  Stones  near  Dan- 
viUcj  Ala,,  with  an  analysis  of  the  same  ;  by  J.  Lawrence 
Smith,  Louisville,  Ky. 

Although  the  meteorite  of  Danville,  Alabama,  fell  in  Nov., 
1868,  and  an  analysis  has  been  made  of  it  during  the  past 
summer,  it  is  only  recently  that  I  obtained  a  complete  account 
of  the  phenomena  attending  its  tail. 

On  Friday  evening,  Nov.  27th,  1868,  about  five  o'clock,  Mr. 
T.  F.  Freeman,  of  Danville,  (about  lat.  34'  30'  and  long.  87° 
W.  Greenwich),  on  stepping  from  his  house,  was  startled  bjr  a 
loud  report,  so  much  like  artillery  that  for  the  moment  its 
origin  was  attributed  to  the  firing  of  a  small  piece  of  artillery 
kept  in  the  village,  but  on  inquiry  it  was  ascertained  that  no 
firing  had  taken  place  there,  but  that  ihe  sound  was  heard  at 
the  village,  and  attributed  to  very  heavy  artillery  at  Decatur, 
Trinity,  HiUaboro,  or  some  other  point  to  the  northward  of 
Danville.  During  the  war,  artill*^ry  had  been  often  heard  in 
the  valley  of  the  Tennessee,  and  various  speculations  were  in- 
dulged in  as  to  what  was  meant  by  this  cannonade  at  such  a 
time  of  day  and  in  such  a  direction. 

The  following  day,  Mr.  Wm.  Brown,  living  three  miles  west  of 
Danville,  brought  to  the  village  a  piece  of  rock  which  he  said 
fell  near  him  and  some  laborers,  who  were  picking  cotton.  He 
dug  it  up  at  a  depth  of  about  1^  to  2  feet.  It  weighed  about 
4^  lbs.,  and  had  tne  characteristic  aspects  of  a  meteoric  stone ; 
but  it  was  broken  by  the  party  obtaining  it,  and  all  but  about 
half  a  pound,  now  in  my  possession,  has  been  scattered  and 
probably  lost  or  thrown  away. 

Several  olher  stones  fell  in  the  same  vicinity.  Some  negroes 
working  in  a  cotton  field  on  the  plantation  of  Capt.  McDaniel, 
half  a  mile  from  Danville,  heard  a  body  fall  with  a  whizzing, 
humming  sound,  and  strike  the  ground  near  them  with  tre- 
mendous force  ;  but  they  were  alarmed  and  did  not  approach 
the  spot  that  night ;  a  rain  fell  during  the  night  and  no  trace 
of  it  could  be  found  the  next  day.  Various  other  stones  were 
heard  to  fall  in  different  parts  of  the  adjacent  country.  Two 
brothers,  by  the  name  of  Wallace,  were  ploughing  in  their  field, 
about  1|  miles  N.  W.  of  Danville  ;  they  distinctly  heard  two 
or  three  fainter  reports,  after  the  first  loud  one,  and  heard  the 
sound  of  two  f  lUing  bodies  whizzing  down,  one  to  the  right 
and  the  other  to  the  left  of  them. 

With  the  above  data,  and  the  known  geography  of  the 
country,  its  direction  must  have  been  N.  E.  and  S.  W.,  but  it 
is  impossible  to  say  from  which  of  these  quarters  it  came. 


Digitized  by  VjOOQ  IC 


J.  L.  Smith  on  Meteoric  Stones  from  Danville^  Ala,        91 

The  portion  of  the  meteorite  that  I  possess  has  a  large  por- 
tion of  it  covered  with  the  usual  black  crust.  Its  general 
aspect  is  rough  and  dull ;  a  portion  of  the  outer  surface,  not 
covered  with  the  black  coating,  is  nevertheless  a  surface  that  it 
had  when  it  reached  the  ground,  for  on  this  surface  are  streaks 
and  little  patches  of  a  bright,  pitchy  matter,  which  was  once 
fhsed,  and  was  derived  either  from  another  part  of  the  coating 
that  was  thrown  off  in  a  melted  state  from  the  coated  portion, 
and  whipped  around,  (as  it  were),  on  to  the  unfused  surface 
as  the  stone  fell  through  the  air,  or  from  an  incipient  fusion  that 
was  begun  on  the  denuded  surface,  and  arrested  by  the  termi- 
nation of  the  fall.  Where  the  black  crust  reaches  the  denuded 
places,  it  appears  to  be  rounded  off,  as  if  it  had  been  melted 
matter  passing  from  another  portion  of  the  stone,  and  rolled 
over  the  surface  of  the  borders. 

The  broken  surface  has  a  dark  ^y  color,  and  is  som  3what 
oolitic  in  structure,  but  not  as  much  so  as  many  other  meteoric 
stones.  There  are  veins  and  patches  of  a  slate-colored  mineral 
running  through  it.  Pyrites  and  iron  are  also  to  be  seen  dif- 
fused through  the  stone ;  thin  flakes  of  the  iron  giving  that 
slickenside-like  appearance  to  a  fracture  not  unfrequently  seen 
in  this  class  of  bodies.  There  seems  to  be  more  of  iron  in  the 
date-colored  mineral  than  in  the  other  parts.  There  are  a  few 
patches  of  white  mineral,  which  I  take  to  be  enstatite.  The 
specific  gravity  of  the  stone  is  3*398. 

For  further  examination,  a  portion  of  the  meteorite  was  sep- 
arated mechanically  into  three  parts  ;  the  pyrites,  the  metalHc 
iron,  and  the  earthy  minerals.  As  in  the  case  of  most  meteor- 
ites, the  earthy  minerals  were  so  intermixed  that  it  was 
impossible  to  separate  the  different  varieties,  three  of  which 
were  easily  traceable  by  the  eye. 

The  iron  separated  with  great  care  from  the  pulverized  me- 
teorite constitutes  3092  per  cent  of  the  entire  mass,  and  an 
analysis  furnished 

Iron, 89'513 

Nickel, 9050 

Cobalt, 0*621 

Copper, minute  quantity 

PIi«»ephorU8, 0  019 

Sulpliur, 0-105 

99  208 
The  sulphid  of  iron  detached  very  carefully  from  the  mass 
of  the  meteorite  gave 

Iron, 611 1 

Sulphur, 39-56 

100-67 
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which  corresponds  with  the  protosulphid  of  iron,  FeS. 
Whether  it  contains  any  of  the  sulphid  known  as  troilite  I  am 
not  prepared  to  say. 

The  stony  minerals  were  freed  as  much  as  possible  from  iron 
and  pyrites,  and  one  gram  treated  with  ten  grams  of  hydro- 
chloric acid  on  a  water  bath,  and  evaporated  nearly  to  dryness, 
then  filtered  and  the  filtrate  well  washed  ;  after  which,  the  res- 
idue in  the  filter  was  warmed  with  a  sohition  of  caustic  soda  to 
dissolve  any  silica  belonging  to  the  portion  dissolved  by  the 
acid  ;  it  was  then  filtered  again  and  washed.     The  result  was 

Sohible  portion, 6088 

Insoluble  portion, 8912 

The  treatment  by  a  solution  of  carstic  soda  or  potash  is  of 
importance  for  a  correct  result,  as  otherwise  a  portion  of  the 
silica  of  the  decomposed  minerals  will  be  estimated  with  the 
portion  that  is  undecomposed. 

The  insoluble  portion  was  analyzed  ;  for  although  the  anal- 
ysis made  in  this  way  cannot  furnish  any  positive  indication 
m  regard  to  the  true  mineral  constitution  of  the  meteorite,  it 
is,  nevertheless,  an  important  guide.   It  was  found  to  consist  of 

Silica, 60-08 

Alumiiirt, 4*11 

Protoxyd  of  iron, 19  85 

Magnesia, 2014 

Lime, 3*90 


98-08 
From  all  the  circumstances  connected  with  this  mineral,  its 
physical  characters,  &c.,  it  is  doubtless  a  pyroxene  of  the  au- 
gite  variety. 

The  soluble  portion,  owing  to  the  unavoidable  presence  of  a 
little  iron  and  pyrites,  simply  ftu-nished  results  on  analysis 
that  showed  it  to  be  mostly  olivine.  The  only  matter,  as  a 
whole,  freed  as  much  as  possible  from  pyrites  and  nickeliferous 
iron,  gave 

Silica, 45-90 

Protoxyd  of  iron, 2364 

Magnesia, 26*62 

Alumina 1*73 

Lime, 2-31 

Soda, -61 

Potash, -64 

Oxyd  of  manganese,  a  minute  quantity,  not  estimated. 
Ox'yd  of  Chrome,         »'             *'             " 
Phosphorus,                   *^              *'             ••  »* 

Lithia — marked  reaction  with  the  spectroscope. 
Sulphur, 101 
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The  excess  in  the  footing  up  of  the  analyses  above  100  per 
cent  is  due  to  the  fact  that  a  part  of  the  iron,  estimated  as 
protoxyd,  is  combined  with  sulphur  forming  sulphid  of  iron. 

This  meteoric  stone  is  similar  in  every  respect  to  that  which 
fell  March  28th,  1859,  in  Harrison  connty,  Indiana,  (which 
locality  I  see  referred  to,  in  catalogues  of  meteorites,  as  Harri- 
son county,  Kentucky).  This  meteorite  is  therefore  com- 
posed of 

Nickeliferoas  Iron, 

Olivine, 

Pyroxene, , 

Protosulphid  of  iron 

with  minute  quantities  of  schreibersite,  chrome  iron,  and  prob- 
ably albite. 

In  concluding  these  observations  on  the  Danville  meteorite, 
I  cannot  but  feel  more  and  more  convinced  of  the  importance 
of  a  thorough  reexamination  of  the  mineral  nature  of  the 
meteoric  stones^  and  in  the  present  case,  I  am  not  at  all  satis- 
fied that  the  mineral  characteristics  are  perfectly  made  out. 


Art.  XnX — GontrtbiUions  to  Zoology  from  the  Museum  of  Yale 
College,  No.  V. — Descriptions  of  Echinoderms  and  Corals  from 
the  Oulf  of  California;  by  A.  E.  Verrill. 

The  Museum  has  recently  received  a  large  and  important 
collection  of  Radiata,  collected  by  Capt  J.  Pedersen  in  the  vicin- 
ity of  La  Paz.  The  following  notes  and  descriptions  relate 
to  some  of  the  more  interesting  species  only. 

ECHINOIDEA. 

Meoma  nigra  VerrilL 

Meoma  nigra  Verrill,  Trans.  Connecticut  Acad.,  i,  p.  317,  ISBT. 
Kkmia  nigra  A.  Agassiz,  Bulletin  Mus.  Ck)mp.  Zool,  p.  27.  1863. 

Of  this  interesting  species  there  are  ten  specimens  in  the  col- 
lection^ which  show  considerable  variation  from  the  type  formerly 
described  by  me,  as  well  as  among  themselvea 

The  largest  is  4-85  inches  long,  4*25  broad,  2*10  high ;  the 
smallest  3*85  long,  8*40  broad,  1*76  high.  The  outline,  as  seen 
from  below,  varies  but  little  and  is  broad-oval,  somewhat  emar- 
ginate  anteriorly,  obliquely  truncate  posteriorly,  and  slightly 
compressed  laterally,  or,  in  other  words,  nearly  heart-shaped. 
The  anal  area  is  large,  somewhat  sunken,  and  is  at  the  extreme 
posterior  end  of  the  shell,  occupying  the  greater  part  of  the 
truncated  portion.  Its  form  varies  from  regularly  elliptical, 
acuje  at  each  end,  to  broad-oval,  rounded  below  and  acute 
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above;  its  position  varies  from  nearly  vertical  to  decidedly 
oblique,  and  it  is  so  nearl;^  terminal  as  to  produce  a  posterior 
emargination  in  a  dorsal  view  of  the  shell  In  a  side  view  some 
specimens  are  decidedly  depressed,  but  most  are  regularlj 
arched,  while  one  is  decidedly  elevated  at  the  apex.  There  is 
considerable  variation  in  the  depth  of  the  anterior  ambulacra! 
groove,  and  also  in  the  number  and  prominence  of  the  large 
tubercles,  which  are  more  or  less  restricted  to  the  region  enclosed 
bv  the  peripetalous  fasciole.  The  fasciole  itself  shows  remark- 
able variations,  but  does  not  agree  at  all  with  that  of  M. 
^randis,  as  figured  by  Gray.  The  portion  crossing  the  anterior 
mterambulacral  regions  varies  less  than  other  parts,  but  in  some 
the  intermediate  transverse  portion  is  nearly  straight,  in  others 
strongly  curved  and  often  crooked,  in  one  it  is  bent  up  into  a 
right  angle  on  each  side  of  the  ambulacral  groove;  its  bend  or 
angle  near  the  antero-lateral  grooves  is  also  variable,  both  in 
form  and  extent,  it  being  twice  as  large  in  some  specimens  as 
in  others,  and  in  one  an  irregular,  crooked  branch  passes  from 
the  apex  of  the  angle  on  the  left  side  to  the  anterior  groove. 
In  the  posterior  interambulacrum  the  course  of  the  fasciole  is 
quite  variable,  in  five  examples  it  crosses  with  a  strongly  curved 
upward  bend,  without  any  distinct  angle,  rising  highest  in  four 
specimens  on  the  right  side,  in  the  other  forming  a  nearly 
straight  transverse  middle  portion ;  in  three  specimens  it  forms 
a  sharp  angle  on  the  right  side ;  in  one  a  similar  angle  on  the 
left  side ;  in  another  there  is  a  strong  median  angle,  its  apex 
pointing  to  the  anal  region^  and  another  to  the  right  of  it,  point- 
ing to  the  summit ;  in  all  the  specimens  it  bends  inward  mrther 
than  in  M,  grandis.  The  lateral  part  of  the  fasciole  also  varies, 
especially  on  the  left  side ;  in  five  (but  not  the  same  five  that 
agree  in  the  posterior  region)  it  has  but  one  angle,  near  the 
antero-lateral  grooves,  where  it  rises  highest ;  in  three  it  has  two 
angles,  rising  highest  at  the  posterior  one,  and  nearly  straight 
between ;  in  two  othera,  which  also  have  two  angles,  the  trans- 
verse part  is  double.  On  the  other  side  the  fasciole  varies  in 
the  same  way,  but  not  in  the  same  specimens,  for  some  have  two 
aisles,  both  on  the  right  and  left;  others  two  only  on  one 
side ;  others  one  on  both  sides.  The  anal  fasciole  is  also  vari- 
able; usually  the  subanal  branch  is  wanting  or  indistinct, 
though  indicated  by  a  band  of  smaller  tubercles,  but  in  one 
specimen  it  is  well  marked  and  the  subanal  disk  is  clearlv  and 
perfectly  circumscribed.  In  this  the  subanal  disk  is  very  broad, 
oilobed,  narrowest  in  the  middle,  scarcely  heart-shaped,  the 
anterior  border  being  nearly  transverse,  and  the  posterior  border 
nearly  parallel  with  the  anal  region  and  about  15  of  an  inch 
fix)m  it  In  others  the  posterior  border  is  more  curved.  One 
specimen  has  but  three  ovarial  openings,  the  rest  four.     The 
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{»x>portionate  length  of  the  ambulacral  grooves  varies  consider- 
ably, both  in  different  specimens  and  on  opposite  sides  of  the 
same  individual,  sometimes  those  on  the  right  being  longest, 
sometimes  those  on  the  left,  and  not  uncommonly  a  longer  ante- 
rior one  is  offset  by  a  shorter  posterior  one  on  the  same  side. 

Mr.  A.  Agassiz  thinks  this  species  may  be  identical  with  M, 
grandis  Gray,  described  as  from  Australia,  but  if  the  figure  of 
the  last  be  at  all  correct  my  specimens  differ  widely  from  that 
described  by  Gray.  The  position  of  the  anal  area,  esoecially,  is 
quite  different,  it  being  in  Gray's  figure  at  a  considerable  distance 
m)m  the  posterior  end,  and  therefore  more  ventral  and  nearer  the 
subanal  fasciola  The  peripetalous  fasciole  is  also  very  different 
from  that  of  any  of  my  specimens. 

Agassizia  svbrotunda  Gray. 

Catalogue  Ecfa.  of  BritiBh  Mus.,  p.  63,  tab.  3,  fig.  2 ;  YeTrfll,  Proc.  Boat  Soc., 
Yd.  xii,  p.  381. 

A.  otnik§m  Latken,  Yidendc  Medd.,  p.  184,  tab.  2,  fig.  8 ;  YerrUl,  TraoB.  Oonn. 
Acad.,  vol  i,  p.  320. 

Of  this  species  there  were  about  a  dozen  specimens,  mostly 
more  or  less  broken,  which  show  but  little  variation  and  agree 
well  with  Gray's  figure. 

Mr.  A.  Affassiz  rc^irds  this  and  A.  ovulum  Lutk.  as  identical 
with  A.  $cr<mctUata  VaL,  which  may  weU  be  the  case  if  the 
figures  in  the  Voyage  de  la  Vdnus  be  incorrect,  as  he  states. 
The  figures  are  certainly  very  unlike  our  specimens. 

Clypeaster  spedosus  VerriU,  sp.  nov. 

Dei)ressed,  gradually  rising  toward  the  apex ;  the  lower  side 
sometimes  sligntly  concave  from  near  the  edge  of  the  mouth, 
in  other  specimens  flat  except  close  to  the  mouth,  which  is  much 
sunken.  Outline  oblong-pentagonal,  with  rounded  angles  and 
slightly  concave  sides.  The  anterior  end  slightly  elongated. 
Interambulacral  regions  decidedly  concave  between  the  ends  of 
the  ambulacral  rosette ;  the  ambulacral  re^ons  enclosed  by  the 
pores  slightly  raised,  narrow,  elongated,  widening  but  little  out- 
wardly and  somewhat  acuminate  at  the  end,  which  is  often 
nearly  enclosed  by  the  pores.  The  interambulacra  are  broader 
and  decrease  much  more  rapidly  toward  the  apex  than  in  C. 
Toaaceua.  Anal  opening  tranvsersely  oval,  or  rounded,  situ- 
ated about  its  own  diameter  from  the  edge  of  the  shell 

Length  of  largest  specimens  4*60  inches ;  breadth  8*90 ;  height 
115.  jLength  of  anterior  petal,  fix^m  the  apex  1-90,  its  breadth 
•82,  breadth  of  enclosed  space  '50 ;  length  of  anterior  petals  1*70, 
breadth  '85,  breadth  of  enclosed  space  '48 ;  length  of  posterior 
petals  1*80  and  1*85,  breadth  -94,  of  enclosed  space  '58  and  "60 ; 
diameter  of  anal  opening  "20 ;  of  actinal  opening  '88. 

Thirty-five  specimens  of  this  species  are  contained  in  the  col- 
lection.    They  show  but  little  variation  in  outline,  except  what 
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is  due  to  age,  though  some  specimens  are  more  elevated  toward 
the  apex  than  others ;  in  regard  to  the  flatness  or  concavity  of 
the  lower  side  there  is,  however,  great  variation,  though  Dr. 
Gray  used  this  character  in  dividing  the  genus  into  section& 
The  youngest  specimens  are  2*30  long  by  210  wide,  and  are 
more  oval  in  form  and  scarcely  angular,  but  have  the  flatness 
and  form  of  ambulacra!  rosette  characteristic  of  the  larger  speci- 
mens, as  well  as  the  same  position  of  the  anal  opening. 

From  C.  rosaceus  of  the  Atlantic  this  species  differs  widely, 
the  former  having  a  much  more  elevated  and  thick  form,  with 
broader  and  more  obovate  ambulacra,  which  are  much  more 
swollen ;  the  lower  side  is  much  more  concave,  and  the  anal 
opening  nearer  the  edge. 

Some  of  the  species  described  by  Dr.  Gray  from  the  Indo-Pa- 
cific  faunae  (C.  Aiistrakisia^  C.  testudinarius)  seem  to  be  more 
closely  allied,  but  only  a  direct  comparison  of  specimens  can 
settle  the  true  relations  of  these  species.  It  may  be  that  C. 
testudinarius  is  the  same  and  its  locality  incorrect,  its  outline  • 
being  nearly  identical,  but  the  upper  siae  is  said  to  be  evenly 
convex,  ana  the  lower  side  concave  from  the  margin. 

This  species  is  of  especial  interest  as  the  first  of  the  genus 
known  from  the  Pacific  coast  of  America,  although  the  genus 
was  known  to  occur  on  nearly  all  other  tropical  coasts. 

Encope  grandis  Agassiz. 

Of  this  very  distinct  species  there  arc  numerous  specimens  in 
the  collection,  varying  in  size  from  3  inches  in  length  by  8*20 
wide,  to  4 '60  inches  by  4*40.  There  is  but  little  variation  in 
outline  and  general  appearance,  and  in  all  the  margin  is  thick, 
with  the  five  large  notches  widely  open,  though  in  the  lai^er 
there  appears  to  be  a  tendency  to  close  the  anterior  pair.  The 
posterior  interambulacral  opening  is  large  and  broad-Oval  with 
thickened  borders  in  all,  but  there  is  a  variation  of  more  than 
50  per  cent  in  its  relative  size ;  the  region  around  it  is  in  all 
more  elevated  than  the  central  region  and  considerably  swollen. 
The  form  of  the  ambulacral  rosette  varies  considerably.  The 
three  anterior  petals  are  subequal  and  usually  long-oval, 
obtusely  roundea  at  the  end,  but  in  one  case  they  are  narrower 
and  more  elliptical,  especially  the  odd  anterior  one,  which  is 
widest  in  the  middle,  tapering  to  each  end,  and  in  another  they 
are  broader  and  more  dilated  outwardly  than  usual ;  the  two 
posterior  ones  are  much  longer,  widest  outwardly,  and  curve 
somewhat  around  the  posterior  opening,  but  they  vary  consider- 
ably in  relative  width.  The  following  are  the  proportions  in 
two  extreme  specimens ; 
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From  abactinal  center  to  j>osterior  edge, 2*20  2*20 

Center  to  anterior  edge, 1*98  2*00 

Center  to  lateral  edge, 2*20  2*10 

Length  of  anterior  odd  ambulacral  petal,  from  center, 1*28  1*25 

Greatest  breadth  of  da, -60  -68 

Breadth  of  its  endoeed  area, *20  *30 

Length  of  antero-Iateral  pair, 1*26  1*16 

Breadth  of  do., -50  -66 

BreadUi  of  enclosed  area,  . '16  -27 

Length  of  posterior  pair, ^ 1*66  1*56 

Breadth  of  do., *46  *62 

Breadth  of  enclosed  area, *12  '20 

The  brandlings  of  the  ambulacral  grooves  beneath  are  quite 
constant  in  their  arrangement,  but  the  relative  breadth  and  form 
of  the  enclosed  areas  are  quite  as  variable  as  in  the  dorsal  rosette. 
The  region  about  the  anal  opening  and  around  the  posterior 
foramen  is  sometimes  deeplj  concave  or  excavated;  in  most 
cases  slightly  so ;  and  sometimes  not  at  alL 

Enoope  CaMfornica  Verrill,  sp.  nov. 

Test  broad^  thin  at  the  edge,  rounded  anteriorlv,  broadest 
behind  the  middle,  sub-truncate  or  rounded  posteriorly ;  usually 
about  as  broad  as  loi^,  sometimes  broader  than  long.  Apex 
behind  the  center.  Li  profile  the  outline  descends  from  the 
center  to  the  anterior  edge,  but  rises  from  the  center  to  the  poste- 
rior foramen,  from  which  it  descends  rapidly  to  the  edge.  The 
posterior  interambulacrum  is,  therefore,  swollen  and  the  test  is 
most  elevated  near  its  foramen.  Ambulacral  rosette  with  the 
petals  long-oval,  somewhat  obovate,  broadly  roimded  outwardly ; 
the  anterior  pair  shortest  and  most  rounded ;  the  odd  anterior  one 
somewhat  longer  and  narrower  and  a  liftle  shorter  than  those  of 
the  posterior  pair,  which  are  of  about  the  same  form  and  not 
curved.  Posterior  foramen  variable  in  form  and  size,  usually 
rather  small,  regularly  oval,  or  rounded,  sometimes  long  oval,  or 
even  narrow  and  elongated,  occasionally  quite  large  and  broad 
oval,  often  obovate  beneath,  sometimes  constricted  in  the  middle. 
Ambulacral  foramina  also  quite  variable  in  form  and  size,  but 
commonly  small  and  rather  regularly  oval,  often  at  a  considerable 
distance  horn  the  margin. 

Two  sp^imens,  showing  the  extreme  variations,  give  the 
following  measurements : 

Length  of  test, 4*76  4*30 

Breadth, 4*66  4*30 

Center  to  anterior  edge, 2*45  2*15 

"    "    anterior  foramen, 1*80  1*65 

"    **    lateral  edge, 2*35  2*15 

♦«    "        "      foramen, 1*60  1*50 

"    "    posterior  edge, 2*45  2*25 

«*    "    postero-lateral  foramen, 1*85  1*70 

"    "    posterior  foramen,.. — .  1*15  1*10 

Length  of    "               "       -67  -60 

Am.  Joob.  SoT.~SBCOin>  Sbriss,  Vol.  XUX,  No.  145.— jAif.,  1870. 
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Breadth  of  posterior  foramen, '22  "26 

Length  of  anterior  ambulacral  petal,  fh)m  center, 1*42  1*32 

Breaidth  where  widest '65  '60 

Breadth  of  enclosed  area, '30  '18 

Length  of  antero-lateral  petals, 1*28  1*10 

Breadth, %*l  -60 

Breadth  of  enclosed  area, '28  -20 

Length  of  postero-lateral  petals, 1*58  1-36 

Breadth,.. -68  -63 

Breadth  of  enclosed  area, '26  '16 

Of  this  species  there  are  74  specimens  in  the  collection  from  La 
Paz,  and  I  have  seen  others  fix)m  Cape  St  Lucas.  It  varies 
considerably  in  outline,  and  in  the  fonn  of  the  openings,  espe- 
cially the  posterior  one ;  the  ambulacral  rosette  varies  somewhat 
in  the  form  of  the  petak,  as  shown  by  the  above  measurements ; 
the  ambulacral  grooves  beneath  also  vary  in  direction.  But  all 
the  specimens  agree  in  having  their  greatest  elevation  behind 
the  center,  or  the  posterior  interambulacral  region  swollen. 
This  peculiarity,  which  is  found  to  depend  upon  a  very  differ- 
ent internal  structure,  will  readily  separate  this  species  from  E. 
occidentalis  V.,  and  from  E,  micropora  Ag.,  whether  those  be 
the  same,  as  Mr.  A.  A^assiz  supposes,  or  not*  In  E.  occiden- 
talis the  greatest  elevation  is  in  front  of  the  center,  and  there  is 
a  regular  slope  from  thence  to  the  broad,  thin,  posterior  edge, 
and  the  sections  show  that  the  wide  space  between  the  central 
cavity  and  the  posterior  foramen  is  filled  with  a  pretty  firm, 
alveolaJT  tissue  having  comparatively  small  spaces,  but  in 
E.  Cali/omica  the  same  region  is  much  less  extensive  (owing  to 
the  relatively  larger  central  cavity  and  jaws)  and  is  filled  with 
a  much  less  firm  and  more  open  tissue,  with  large  cavities. 

The  difference  is  therefore  analogous,  in  respect  to  external 
form  at  least,  to  that  which  separates  E.  Michelini  from  E.  emar- 

♦  Mr.  A.  Agassiz,  in  the  Bulletin  of  the  Museum  of  Oomp.  Zoology,  No.  9,  p. 
266,  1869,  sajs :  *'from  a  careful  comparison  of  specimens  of  E.  cychpom^  micros 
pora^  and  perspectiva  (Ag.  species)  there  is  no  doubt  that  these  are  only  nominal 
species,  all  identical  with  VerriU's  K  occiderUaMsy  The  latter  is  the  same  as  EL 
ietrapora  Ag.  (non  Gmelin),  but  I  believe  Mr.  Agassiz  goes  too  far  in  umting  all 
these  other  forms  into  one  species,  for  if  this  can  be  done  there  is  no  reason  what- 
ever for  keeping  the  species  from  the  two  coasts  separate,  for  there  is  often  much 
less  difference  than  between  some  of  those  forms,  which  he  has  united.  But  since 
the  localities  of  the  t3rpes  of  E.  micropora^  E.  cyclopara^  and  E.  penpecHva  were 
unknown,  the  two  last  having  been  described  f)^m  unique  specimens,  it  seems  to 
me  more  probable  that  some  of  them  represent  imperfectly  known  species  from  other 
regions ;  for  such  species  have  been  recorded  from  Africa  and  other  little  explored 
localities.  Mr.  Agassiz  does  not  state  what  he  regards  as  the  characteristic  of  the 
polymorphous  species  thus  constituted,  nor  in  what  respect  it  differs  fh>m  E,  emar* 
ginoUa  of  the  Atlantic,  nor  does  it  appear  certain  that  he  has  ezammed  authentic 
specimens  of  all  these  forms.  Br.  Lutken  referred  both  E,  micropora  and  K 
grandia  to  the  Atlantic  E.  emarginata^  to  which  he  also  united  E,  Vaienciennesii  Ag., 
wbdausa  Ag.,  chUmga  Ag.,  quinqudoba  Esch.,  and  E.  MicheUni  Ag.  In  regard  to 
E.  grcmdis  and  E.  MicheHni  he  appears  to  have  erred,  but  the  figures  of  E.  micropora 
resemble  some  forms  of  E.  emarginata  more  than  E,  occiderUaliaj  ft'om  which  R  cy- 
dopora  and  E.  perspectiva  differ  still  more  widely. 
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ginataj — a,  distinction  whicli  Mr.  A.  Agassiz  admits  as  valid  in 
that  case,  where  there  is,  however,  much  less  difference  in  the 
form  of  the  rosette  and  other  characters. 

The  only  figure  in  the  monograph  by  Pro£  Agassiz,  which 
approaches  this  species,  is  that  of  A  emargincUa  (Tab.  10\,  which 
has,  to  some  extent,  the  same  posterior  elevation.  The  spe- 
cimen figured  was  fix>m  an  unknown  locality,  and  may  possibly 
represent  a  variety  of  this  species  rather  than  of  the  K  emargi- 
nata  of  Lutken,  A.  Agassiz,  etc.,  which  is  common  on  the 
Atlantic  side  of  tropical  America. 

Astropyga  venusta  Verrill,  op.  cit,  p.  296. 

Two  fine  large  specimens  of  this  rare  species  are  in  the  col- 
lection. 

The  largest  is  5-80  inches  broad  and  210  high.  It  was 
previously  known  to  me  only  firom  Panama  Bay  and  San 
Salvador. 

Tripneustes  depressus  A  Ag. ;  Verrill,  op.  cit,  p.  375. 

Of  this  large  species  there  were  19  specimens,  with  their 
spines  partially  preserved.  They  are  quite  variable  in  form,  but 
mostly  even  more  elevated  than  ordinary  specimens  of  T.  ventri- 
cosus.  Some  are  conical,  others  broadly  rounded  above.  The 
name,  therefore,  is  a  decided  misnomer.  The  largest  spines  on 
the  upper  surface  of  the  largest  specimen  are  '45  of  an  inch 
long,  "O*  in  diameter,  and  rapidly  taper  to  the  acute  point; 
those  of  the  lower  surface  are  often  '60  of  an  inch  long,  "04  in 
diameter,  tapering  but  little,  the  end  blunt 

Several  specimens  give  the  following  proportions : 

I^ameter,  Cinches)  6-80        5*40        6*35        6-26        510        4*90      4'76      460 
Height,  3-00        3*40        2*90        3*25        2*85        2*65      2*85      2*80 

ASTROIDEA. 

Pentaceros  occidentalis  VerrilL 

Oreatter  ooddentaUs  Verrill,  op.  cit,  p.  278,  1866. 

Of  this  hitherto  rare  species  there  are  21  specimens  of  various 
sizesw  They  show  but  httle  variation  except  that  due  to  age  or 
state  of  preservation.  Some  specimens  are  so  dried  as  to  leave 
the  disk  and  rays  plump  and  rounded  above,  while  in  others 
the  interradial  spaces  are  so  shrunken  as  to  make  both  the  rays 
and  disk  angular.  In  some  most  of  the  upper  and  part  of  the 
lower  marginal  plates  bear  small  obtuse  spines  or  tuoercles ;  in 
others  there  are  few  or  none  of  these ;  the  two  smallest  speci- 
mens have  none,  though  others  scarcely  larger,  have  quite  a 
number.  The  smallest  specimen  has  the  longer  radius  1  inch  ; 
the  shorter  -50.    This,  however,  has  nearly  the  form  and  all  the 
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essential  characters  of  the  adult,  though  the  spines  and  tuber- 
cles are  less  numerous. 

The  name  of  the  genus,  Pentaceros  Gray,  has  priority  over 
Oreaster  M.  &  Tr.,  which  was  substituted  on  the  ground  that 
the  former  was  in  use  among  fishes,*  which  I  have  been  able 
to  confirm,  although  Mr.  A.  Agassiz  adopts  it 

Among  the  other  starfishes  are  Gymnasteria  spinosa  Gray 
(large);  Amphtaster  insignis  Verrill,  Nidorellta  armata  Gray, 
Ophiaicister  pyrimickUus  Gray,  Linckia  hifascialis  Gray,  Acan- 
thaster  EUisii  Verrill,  Mithrodia  Bradleyi  Verrill,  etc 

Corals. 
Fungta  elegans  Verrill,  sp.  nov. 

Coral  when  voung  regular  and  round,  often  becoming  slightly 
oval ;  when  aault  usually  more  or  less  angular,  the  edge  pli- 
cated, forming  six  to  twelve  lobes.  The  upper  surface  becomes 
very  convex  m  mature  specimens  and  the  lower  surface  deeply 
concave  and  covered  with  very  numerous,  fine,  subequal, 
elevated  costae,  which  are  finely  dentate  on  the  outer  naif, 
becoming  nearly  entire  and  very  faint  toward  the  center,  which 
usually  shows  the  scar  where  attached  when  young.  Septa 
thick  and  rather  crowded,  very  unequal,  the  six  primaries  very 
prominent  and  thick  at  the  inner  end;  those  of  succeeding 
cycles  successively  shorter  and  less  elevated.  Edges  of  septa 
unevenly  crenulate,  or  finely  dentate.  Columdla  slightly 
developed,  loosely  spongy ;  median  fosette  small,  narrow,  elon- 
gated, the  two  septa  in  the  direction  of  its  longer  diameter 
much  less  elevated  and  thinner  than  the  rest  Trabiculse  stout, 
conspicuous,  often  coalescing  into  continuous  transverse  platea 

The  smallest  unattached  specimens  are  '90  of  an  inch  oroad 
by  '85  high;  ordinary  specimens  are  1*90  broad  by  HO  high; 
the  largest  2-35  by  1-20. 

This  is  a  small  and  very  distinct  species,  remarkable  as  the 
first  one  of  the  genus  described  from  America. 

Among  the  other  corals  are  PodUipora  capttata  V.,  P.  capitata, 
var,^08aY,j  Ccenopsammia  tenuilamellosaE.  k  BL,  Poriies  (two 
species),  Stephanarta  stellata  V.,  Oallipodium  Pcunjicum  V.,  Eu- 
gorgia  aurantiaca  V.,  E.  nobUiSy  var,  excelsa  V.,  Lepiogorgta 
rigida  V.,  L.  Agassts;ii  V.,  L.  media  V.,  Muricea  austera  V.,  M. 
appressa  V.,  etc.  Most  of  these  are  represented  by  numerous 
laige  and  beautiful  specimena 

«  Ouyier  and  YaL,  toL  ili,  p.  30,  1828;  Ghmther,  CataL  FiBhes  Britiah  Moseum, 
i,  p.  212. 
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Art.  XIV. — Note  on  the  Generic  relations  and  Synonymy  of  the 
Common  Sea-urchin  of  New  England  {Ewryechinris  Drobachi- 
ensis  VerriU);  by  A.  E.  Verbill. 

This  common  sea-urchin,  whicli  is  found  upon  the  northern 
coasts  of  Europe,  and  both  upon  the  Atlantic  and  Pacific  coasts 
of  northern  America,  was  referred  to  the  genus  Echinus  by  all 
writers  up  to  1846,  but  under  various  specific  nam^ :  E.  Drdbach- 
iensis  MiflL,  E,  neglectusJjBJiL,  E,  granularis  Say,  K  chhrocentrotus 
Brandt,  etc.  Prof.  Agassiz,  in  the  introduction  to  his  mono- 
graph of  the  ScutelUdae,  p.  7,  1841,  proposed  several  new 
subdivisions  of  Echinus^  merely  giving  generic  names  and  citing 
"  les  types."  Among  these  was  Toxopneu^tes  with  "  E.pileolus 
4  as  its  type.  But  afterward,  in  the  introduction  to  Valentin's 
Anatomy  of  the  genus  Echinus,  Dec.,  1841,  he  revised  the  genus 
then  known  as  Echinus,  and  made  many  judicious  and  neces- 
sary changes.  At  that  time  he  separated  and  characterized  the 
genera,  Temnopleurus,  Tripneustes,  ArMypneustes,  Holopneustes, 
SUmiopneusteSj  and  Toocopneusles.^  For  the  last  he  here  takes 
for  type,  the  Echinus  tuherculcUus.  The  genus  Echinus  he 
restricted  (p.  ii)  so  as  to  include  only  "  the  species  near  Echi- 
nus esculentus,  and  which  have,  like  it,  the  amoulacra  formed  of 
several  arched  series  of  pores  disposed  in  pairs."  To  this  group 
he  referred  all  the  European  species,  including  not  only  E.  Afelo, 
E.  esculentusj  E.  Flemingii,  K  granularis,  -fiT  brevispinosus,  E, 
(Bquiiuberculatus,  E.  miliaris,  etc.,  but  also  E.  neglectus  (Drdbach- 
terms)  and  M  lividus,  which  now  constitute  my  genus  Earyechi- 
nus.  It  is  plain,  therefore,  that  at  that  time  the  genus  Toxop- 
neustes  had  nothing  to  do  with  such  species  as  1  have  called 
Euryechinus.  Later,  in  the  Catalogue  Kaisonn<5,  1846,  Toocop- 
neustes  (sub-genus)  was  extended  so  as  to  include,  in  addition  to 
the  typical  species,  several  previously  placed  by  Agassiz  in 
Echinus.  Still  later  Desor  removed  part  of  the  species  thus 
erroneously  added,  under  the  name  of  Sphcerechinus,  but  he 
still  left  in  it  Drobachiensis  and  lividus.  Therefore  as  these  were 
evidently  generically  distinct  from  the  typical  Toxopneustes  and 
had  received  no  generic  name,  I  formerly  proposed  that  of 
Eurychinus,\  and  gave  my  reasons  in  detail 

*  The  following  is  the  description:  Le  genre  TaxopnMttea  a  des  ambulacres 
form^  de  series  arquees  de  doubles  pores,  conyergeant  vers  le  milieu  des  aires  et 
s^par^s  par  des  rangees  paralldles  de  petits  pores.  Ghaque  s^e  arqu^  se. com- 
pose de  six  4  neuf  paires  de  pores.  Vers  la  bouche  il  7  en  a  moms;  mais  elles 
float  plus  rapproch^a  Les  tubercules  des  s^es  prindpales  sontassez  grands; 
roorertore  infiSrieure  du  test  oflfre  dix  ^chancrures  peu  profondes.  Je  prends 
pour  t3rpe  de  oe  genre  VEchimu  tubercukUua ;  j^en  oonnais  quelques  espdoes  ineidites.*' 

f  Proc.  Boston  Society  Nat  Hist,  z,  p.  341,  1866,  and  Transact  Connecticut 
Acad.,  L,  p.  394,  1867. 
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To  any  unprejudiced  person  it  will  be  evident  from  this 
statement  that,  as  left  by  Desor  after  his  latest  restrictions, 
Toxopneustes  included  two  generic  groups,  one  of  which  was 
the  original  and  typical  Toxopneustes  of  1841,  the  other  an 
unnamed  genus,  {Earyechinus).  The  fact  that  Mr.  A,  Agassiz, 
apparently  overlooking  the  true  state  of  the  case,  renamed  in 
1862  the  original  Toxopneustes  section,  calling  it  Toxocidarts, 
cannot  affect  the  matter  in  the  least,  since  in  this  instance  there 
can  be  no  doubt  as  to  which  group  was  originally  designated 
by  the  name,  Toxopneustes,  i  et  Mr.  Agassiz  in  a  recent  paper* 
goes  considerably  out  of  his  way  to  bring  up  this  matter  again, 
and  inserts  the  following  note  under  Echinometra  Michelini: 

'*  I  cannot  see  the  propriety  of  the  changes  made  by  Verrill  in  the 
limitation  of  Toxopneustes,  by  substituting  Euryechinus  for  a  group  of 
Echini,  which  are  perfectly  well  known  by  all  writers  on  Echinoderms 
as  Toxopneustes.  For  the  following  reasons  it  seems  to  roe,  even  grant- 
ing all  his  premises,  that  the  changes  he  proposes  are  not  warranted. 
The  type  of  the  genus  at  the  time  the  Monog.  d.  Echinides  was  written 
was  never  used  in  the  restricted  sense  now  common,  but  was  coextensive 
with  a  group  of  species.  When  Toxopneustes  was  first  proposed,  it 
was  applied  to  a  so-called  typical  species  which  future  investigations 
showed  did  not  belong  to  the  genus.  The  author  took  the  earliest  oppor- 
tunity possible  to  point  out  his  mistake  by  substituting  for  it  another 
type,  and  giving  a  description  which  applies  not  only  to  Toxocidarts  as 
Mr,  Verrill  would  have  it^  hut  also  to  all  the  species  since  removed  as 
Sphcerechinus  by  Desor.  Desor,  who  had  edited  the  Catalogue  Rai- 
8onn6,  and  probably  knew  accurately  what  group  of  Echini  was  defined 
as  Toxopneustes,  was  the  first,  in  his  Synopsis,  to  limit  Toxopnuestes  by 
removing  from  it  certain  species  as  Sphaerechinus,  and  restrict  Toxop- 
neust^  to  such  forms  as  {T  neglectus)  T.  drobachiensis  Ag.,  but  still 
including  the  species  which  I  have  since,  in  the  Bulletin  of  the  Museum, 
separated  as  Toxocidaris.  All  these  limitations,  even  were  they  not 
accepted,  have  the  priority  over  a  similar  limitation  which  Verrill  makes 
twelve  years  after  a  proper  limitation  of  the  genus  has  been  recognized, 
and  eighteen  years  after  a  mistake  (upon  which  Mr.  Verrill  bases  the 
whole  of  his  proposed  changes)  has  been  corrected  by  the  author  him- 
self; nothing,  moreover,  is  gained  in  accuracy  by  the  change  proposed 
by  Verrill,  T.  tuberculatus  being  probably  only  a  nominal  species,  and 
one  concerning  which  we  have,  at  any  rate,  no  authentic  information 
sufiBcient  to  form  the  basis  of  a  sweeping  reform.  At  the  present  rate 
of  retrospective  application  of  the  laws  of  priority,  we  are  fast  drifting 
into  the  most  absurd  anachronism  by  applying  the  present  condition  of 
our  knowledge  of  any  group  to  works  written  twenty  or  thirty  years  ago 
in  an  entirely  different  spirit,  when  the  idea  of  type,  genera,  etc.,  had  a 
totally  distinct  signification  from  what  it  has  at  the  present  day." 

A  formal  reply  to  this  is  perhaps  unnecessary,  yet  I  would 
venture  the  following  remarks : 

•  Bulletin  of  the  Museum  of  Comp.  Zoology,  No.  9,  p.  260,  November,  1869. 


Digitized  by  VjOOQ  IC 


K  &  Morse  an  the  early  stages  of  Brachiopods.  103 

1.  I  am  not  aware  that  any  other  zoologist  has  denied  the 
validity  of  "  type-species  "  (especially  when  particularly  desig- 
nated as  such)  in  works  even  much  earlier  than  1841. 

2.  Even  if  the  original  description  of  Toxopneustes  would 
include  Sphcerechtnus,  yet,  as  I  have  explained  above,  Agassiz 
himself  referred  the  species  of  the  latter  to  Echinus  in  the  same 
article,  and  he  probably  knew  accurately  what  group  was  defined 
as  Toocapnettstes  at  that  time, 

3.  All  the  "  limitations "  by  Desor,  which  are  said  to  have 
priority  over  mine,  I  have  always  admitted  and  adopted. 

4.  1  do  not  base  any  changes  upon  "  a  mistake,"  for  whether 
"  E.  pileolus  "  or  "  jE  tuberculatum  "  be  taken  as  the  type  of  Toocop- 
neusteSj  the  claims  of  Euryechinus  remain  unaflFected,  and  I  have, 
when  making  the  change,  distinctly  stated  my  conviction  that 
the  reference  to  E.  pileolus  should  not  be  regarded,  and  have 
adopted  Toxopneustes  in  place  of  Taxocidaris  A.  Ag.  (See  Trans. 
Conn.  Acad.). 

5.  Whether  E,  tvberculatus  be  "  a  nominal  species  "  does  not 
affect  the  character  of  the  genus  to  which  it  belongs. 

6.  I  know  of  no  more  fruitful  source  of  confusion  than  the 
transferring  of  a  name  from  the  group  to  which  it  originally 
belonged  to  another  totally  distinct  from  it,  and  re-naming  the 
first  group. 

7.  Had  Mr.  Agassiz,  before  naming  Toxocidaris,  looked  a  lit- 
tle more  closely  mto  the  early  synonymy  of  Toxopneustes^  all 
confusion  in  this  case  might  have  been  avoided. 

8.  The  fact  that  there  is  z,  future  for  zoological  nomenclature, 
as  well  as  a  pojst^  should  not  oe  forgotten,  nor  that  a  just  and 
reasonable  application  of  the  universally  reco^ized  law  of  pri- 
ority is  the  surest  way  of  securing  future  stability. 


Art.  XV.  —  On  the  Early  Stages  of  Brachiopods ;  by  E.  S. 

Morse.* 

The  writer  made  a  visit  to  Eastport,  Maine,  early  in  the 
summer,  for  the  purpose  of  discovermg  the  early  stages  of  a 
species  of  Brachiopod  {lerebra^ulina  septentrionalis  Couth.^  so 
sibundant  in  those  waters.  As  little  has  been  known  regarding 
the  early  stages  of  this  class  of  animals  the  facts  here  presented 
will  be  of  interest,  as  settling  beyond  a  doubt  their  intimate 
relations  with  the  Polyzoa.  As  the  subject  will  be  fully  pre- 
sented at  the  meeting  of  the  American  Association,  only  the 
more  important  features  will  be  mentioned  here.  In  a  few 
individuals  the  ovaries  were  found  partially  filled  with  eggs, 

♦  From  the  American  Naturalist,  September,  1869. 
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The  eggs  (fig.  1)  were  kidney-shaped,  and  resembled  the 
statoblasts  of  Fredericella.  No  intermediate  stages  were  seen 
between  the  eggs  and  the  form  represented  in  fig.  2.     This 


stage  recalled  in  general  proportions  Megerlia  or  Argiope  in 
being  transversely  oval,  in  having  the  hinge-margin  wide  and 
straight  and  in  the  large  foramen.  Between  this  stage  and  the 
next  the  shell  elongates  until  we  have  a  form  remarkably  like 
Lingula  (fig.  3V  having,  like  Lingula,  a  peduncle  longer  than 
the  shell,  by  wnich  it  holds  fast  to  the  rock.  It  suggests  also 
in  its  movements  the  nervously  acting  Pedicellina. 

In  this  and  the  several  succeeding  stages,  the  mouth  points 
directly  backward  (forward  of  authors),  or  away  from  the 
peduncular  end  (fig.  4),  and  is  surrounded  bv  a  few  ciliated 
cirri,  which  forcibly  recall  certain  Polyzoa.  The  stomach  and 
intestine  form  a  simple  chamber,  alternating  in  their  contrac- 
tions and  forcing  the  particles  of  food  from  one  portion  to  the 
other.  At  this  time  also  the  brownish  appearance  of  the  walls 
of  the  stomach  resembles  the  hepatic  folds  of  the  Polyzoa. 
Fig.  6  shows  a  more  advanced  stage,  where  a  fold  is  seen  on 
each  side  of  the  stomach  ;  from  this  fold  the  complicated  liver 
of  the  adult  is  developed,  first,  by  a  few  diverticular  appen- 
dages, as  seen  in  fig.  6. 

When  the  animal  is  about  one-eighth  of  an  inch  in  length 
the  lophophore  begins  to  assume  the  horse-shoe  shaped  form  of 
Pectinatella  and  other  high  Polvzoa.  The  mouth  at  this  stage 
(fig.  6)  begins  to  turn  towardf  the  dorsal  valve  (ventral  of 
authors),  and  as  the  central  lobes  of  the  lophophore  begin  to 
develop,  the  lateral  arms  are  deflected,  as  in  fig.  7.  In  these 
stages  an  epistome  is  very  marked,  and  it  was  noticed  that  the 
end  of  the  intestine  was  held  to  the  mantle  by  attachment,  as 
in  the  adult,  reminding  one  of  \!ioLQ  funiculus  in  the  Phylactoloe' 
mata.  No  traces  of  an  anus  were  discovered,  though  many 
specimens  were  carefully  examined  under  high  powers  for  this 
purpose,  the  intestine  of  the  adult  being  repeatedly  ruptured 
under  the  compressor  without  showing  any  evidence  of  an  anal 
aperture. 
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Abt.  XVL — On  ike  existence  of  a  Orocodik  in  Florida;  by 
Jepfries  Wyman,  M.D. 

It  has  been  shown  by  diflTerent  paleontologists,  especially  by 
Dr.  Leidy  and  Pro£  Cope,  that  several  species  of  Cfrocodilians 
existed  in  North  Amenca  during  the  Cretaceous  and  Miocene 
periods,  all  of  which  became  extinct  At  the  present  time  two 
living  species  of  true  Crocodiles,  viz :  G  acutus  and  0,  rhomb  fer, 
are  known  in  South  America,  and  both  range  as  fer  north  as 
Cuba  and  San  Domingo,  but  we  have  not  been  able  to  find  a 
record  of  the  presence  of  either  of  them  within  the  limits  of 
the  United  States,  the  Alligator  being  the  only  representative 
of  the  family  to  which  it  belongs. 

While  a  guest  of  J.  M.  Forbes,  Esq.,  on  board  the  yacht 
Azalea,  I  had  an  opportunity  of  visiting  Key  Biscayne  Bay 
in  March,  1869,  and  wnile  there  Mr.  William  H.  Hunt,  of  Miami, 
presented  me  the  cranium  here  described.  The  animal  to 
which  it  belonged,  as  I  was  told  by  the  person  who  killed  it, 
was  shot  near  Sie  mouth  of  the  Miami  river,  which  opens  into 
the  above  mentioned  bay.  I  was  also  informed  that  another 
had  been  killed  in  the  same  neighborhood. 

The  length  of  the  head  (fix^m  the  alveoli  of  the  incisors  to 
the  end  of  the  occipital  condyle)  is  462"'™,  and  the  greatest 
breadth  191°»°».  The  whole  number  of  teeth  is  68,  viz :  ||=}f ; 
in  the  upper  jaw  the  4th  and  10th,  and  in  the  lower  the  4th 
and  11th  are  the  longest  The  first  12  teeth  above  and  the  first 
11  below  have  the  enamel  fluted,  and  in  both  iaws  the  teeth 
behind  these  are  marked  with  finely  reticulated  grooves. 
These  hinder  teeth  are  shorter  and  blxmter,  and  thus  more 
closely  resemble  the  teeth  of  the  alligator.  The  upper  jaw  is 
strongly  convex  and  protuberant  along  the  back  or  its  middle 
portion. 

When  compared  with  a  somewhat  larger  head  of  the  C.  acutus 
from  South  America  (length  462°>"»,  breadth  211"»°'),  the  Flor- 
ida specimen  closely  agrees  with  it  in  the  above  as  well  as 
some  other  particulara  The  following  table  shows  some  dif- 
ferences, however,  relating  chiefly  to  the  proportion  of  the 
breadth  to  the  length.  In  the  table  the  length  is  assumed  to 
be  lOOO,  and  the  measurements  are  in  fractions  of  the  length. 

South  America.  Florida. 

Greatest  breads  of  cranium 0-466  0*483 

Length  of  palatine  opening 0  214  0'210 

Breadth  "  "       0-075  0086 

Breadth  acrofls  pterygoids 0*300  0*313 

Breadth  at  4th  tooth 0*162  0*169 

Breadtii  at  10th  tooth 1 0*218  0-236 

Breadth  at  contraction  beWnd  5th  tooth. 0*123  0*131 

Breadth  at  contraction  behind  I2th  tooth 0*190  0*210 
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In  the  South  American  specimen  the  markings  of  the  sur- 
face of  the  bone  consist  chieny  of  pits,  while  in  the  Florida  speci- 
men the  markings  are  more  in  the  form  of  grooves.  In  the  first 
the  parietal  foramina  are  separated  by  a  flat  surface  of  bone  15 
millimeters  wide,  while  in  tne  second  there  is  only  a  blunt  ridge. 
In  this  last  also  the  lower  jaw  is  somewhat  longer,  and  its  hinder 
part  less  recurved.  The  Florida  specimen  being  the  smallest 
IS  assumed  to  be  the  youngest ;  the  differences  of  proportion 
above  referred  to  mav  therefore  depend  upon  age,  as  in  young 
individuals  the  breadth  is  relatively  greatest  In  view  of  this 
we  find  no  suf&cient  reason  for  considering  the  Florida  speci- 
men as  belonging  to  any  other  than  the  sharp-nosed  species 
(C.  dcutus).  This  conclusion  is  still  further  supported  by  a 
portion  of  the  skin  of  the  neck,  which  is  preserved,  and  in 
which  the  nuchal  plates  are  the  same  as  in  the  species  just 
named. 


SCIENTIFIC    INTELLIGENCE. 

I.     PHYSIOS   AND  CHEMISTBT. 

1.  On  the  emission  and  absorption  of  heat  radiated  at  low  tem- 
percUieres. — ^Magnus  has  communicated  to  the  Royal  Academy  of 
Sciences  in  Berlin  an  important  memoir  on  radiant  heat,  the  prin- 
cipal results  of  which  are,  in  the  author's  own  words,  as  follows : 

(1.)  Different  substances  heated  to  160°  C.  radiate  different  kinds 
of  heat. 

(2.)  There  are  bodies  which  radiate  only  one  kind  of  heat  and 
others  which  radiate  many  kinds. 

(3.)  Perfectly  pure  rock  salt  belongs  to  the  first  class.  Just  as 
its  ignited  vapor  or  that  of  one  of  its  constituents,  sodium,  sends 
out  only  one  color,  so  this,  even  at  160®  C,  radiates  only  one  kind 
of  heat.    It  is  monothermic,  as  its  vapor  is  monochromatia 

(4.)  Rock  salt  absorbs  the  heat  radiated  by  rock  salt  in  great 
quantity  and  more  strongly  than  that  of  sylvin  (KCl)  and  other 
kinds  of  heat.  It  therefore  does  not,  as  Melloni  and  Knoblauch 
suppose,  permit  all  kinds  of  heat  to  pass  through  with  equal 
fecility. 

(5.)  The  absorption  of  heat  by  rock  salt  increases  with  the 
thickness  of  the  absorbing  plate. 

(6.)  The  great  diathermancy  of  rock  salt  does  not  depend  upon 
a  small  absorbing  power  for  different  kinds  of  heat,  but  upon  the 
fact  that  it  only  radiates  a  single  kind  of  heat,  and  consequently 
also  absorbs  only  this,  and  that  almost  all  other  bodies  at  the  tem- 
perature of  160  C.  send  out  heat  which  contains  only  a  small  por- 
tion or  none  of  the  rays  which  are  radiated  by  rock  salt. 

(7.)  Sylvin  behaves  like  rock  salt  but  is  not  monothermic  in  an 
equal  degree.     In  this  also  we  trace  the  analogy  with  its  own 
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i^ted  Tapors  or  with  those  of  potassium,  which,  as  is  well  known, 
gives  an  almost  continuous  spectrum. 

(8.)  Fluorspar  almost  completely  absorbs  pure  rock  salt  heat. 
We  ou^ht  therefore  to  expect  that  the  heat  which  it  radiates 
should  l>e  strongly  absorbea  by  rock  salt.  Nevertheless  70per 
cent  of  it  pass  uirough  a  rock  salt  plate  of  20"™  thickness.  With 
reference  to  the  sum  of  the  heat  which  fluorspar  radiates,  which 
b  more  than  three  times  greater  than  that  n-om  rock  salt,  this 
phenomenon  may  be  ezplamed,  but  the  subject  requires  further 
investigation. 

(9.)  If  it  were  possible  to  form  a  spectrum  of  the  heat  radiated 
at  150®  C,  this  spectrum,  if  rock  salt  were  the  radiating  body, 
would  contain  only  one  band.  If  sylvin  were  used  for  radiating, 
the  spectrum  would  be  more  extended,  but  would  still  occupv  only 
a  small  portion  of  the  spectrum  which  would  be  produced  by  the 
heat  radiated  from  lamp  black. — Pogg,  Ann,,  cxxxviii,  333. 

w.  o. 

2.  On  the  reflection  o/hecU  at  the  sisr/ace  offluorspair  and  other 
bodies. — In  a  second  paper,  Magnus  remarks  that  the  newly  dis- 
covered oroperty  of  rock  salt  and  other  substances  of  sending  out 
at  150®  (5.  rays  of  but  one  or  but  few  wave  lengths  makes  it  possi- 
ble to  institute  experiments  on  the  reflection  of  non-metallic  sur- 
fiwes  The  results  of  experiments  have  distinctly  shown  that  such 
surfaces  reflect  different  kinds  of  heat,  or  heat  rays  of  different 
wave  lengths,  in  very  different  degrees.  A  remarkable  illustration 
is  famished  by  fluorspar.  Of  the  heat  radiated  by  different  sub- 
stances and  received  at  an  angle  of  45®,  quantities  differing  but 
little  in  amount  are  reflected  by  the  following  bodies : 


Silver, 

from 

83  to  90 

per  cent. 

Glass, 

(( 

6  to  14 

u 

Rocksalt, 

cc 

6  to  12 

%i 

Fluorspar, 

a 

6  to  10 

u 

But  fluorspar  reflects  28-30  per  cent  of  the  heat  from  rock  salt, 
while  silver,  glass  and  rock  salt  reflect  no  greater  propoition  of 
this  than  of  other  kinds  of  heat.  Fluorspar  reflects  from  15  to  17 
per  cent  of  the  heat  from  sylvin,  which  confirms  the  result  deduced 
nrom  the  transmission  of  heat.  To  an  eye  which  could  distinguish 
the  different  wave  lengths  of  heat,  as  well  as  the  colors  of  ught, 
fluorspar  would  appear  brighter  than  other  substances  if  all  were 
illuminated  at  the  same  time  by  rajs  from  rock  salt.  The  same 
would  be  the  case  if  rays  from  sylvm  were  incident,  only  in  this 
case  the  fluorspar  would  be  less  bright.  As  the  experiments  of 
Magnus  established  the  fact  that  even  at  150®  C»  different  substances 
send  out  very  different  kinds  of  heat,  it  follows  that  in  every 
space  an  extraordinary  number  of  different  wave  lengths  are  con- 
tinually crossing  each  other.  This  variety  of  intersection  is  fur- 
ther greatly  increased  by  the  elective  reflection  which  takes  place 
at  the  different  surfaces.  An  eye  which  could  distinguish  difierent 
wave  lengths  of  heat,  like  the  colors  of  Hght,  would  see  all  objects 
in  the  greatest  variety  of  colors  without  any  sensible  heating  of 
the  objects  themselves. — Pogg,  Ann,,  cxxxviii,  174.  w.  o. 
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3.  On  the  h^eat  of  the  stars, — Mr.  Hugginb  has  endeayored  to 
determine  whether  a  measurable  amount  of  heat  is  radiated  from 
the  fixed  stars.  The  incident  rays  were  received  upon  the  object- 
glass  of  a  telescope  of  8  inches  aperture,  in  the  focus  of  which  was 
placed  the  surface  of  a  thermo-electric  pile  consisting,  for  stars,  of 
one  or  two  pairs,  for  the  moon,  of  24  pairs.  An  astatic  galvanom- 
eter of  great  delicacy  was  employed.  The  thermo-electric  pile  was 
enclosea  in  casings  of  pasteboard  stuffed  with  cotton  so  as  to  ex- 
clude all  changes  of  temperature  as  much  as  possible.  The  author 
describes  the  minute  precautions  taken,  for  which  we  must  refer  to 
his  paper.  The  telescope  could  be  directed  to  a  star  by  means  of 
the  finder,  the  needle  being  at  rest,  and  the  image  of  the  star  kept 
by  clockwork  upon  the  face  of  the  pile.  It  was  found  that  the  needle 
almost  always  began  to  move  as  soon  as  the  image  fell  upon  the 
pile,  and  that  when  the  telescope  was  then  directed  to  the  sky  near 
the  star  the  needle  usually  began,  after  a  minute  or  two,  to  return 
to  its  original  position.  From  12  to  20  observations  were  made 
upon  the  same  star,  and  these  observations  repeated  on  other 
nights.  In  this  manner  observations  of  Sirius  gave  a  deviation  of 
the  needle  of  2® ;  those  of  Pollux  1^°.  Castor  ^ave  no  deviation ; 
Regulus  a  deviation  of  3**  and  Arcturus  in  16  minutes  also  3®. 

Observations  of  the  full  moon  did  not  give  corresponding  or 
reliable  results.  The  results  obtained  with  the  stars  are  not 
strictly  comparable,  as  it  is  uncertain  whether  the  sensitiveness 
of  the  galvanometer  was  always  the  same. — Proceedings  of  the 
Eoyal  Society  J  No.  109, 1869.  w.  o. 

4.  On  new  sulphur  salts, — SctfNEiDBR  has  discovered  and  de- 
scribed a  remarkable  series  of  sulphur  salts  which  are  formed  by 
simply  fusing  together  certain  metals  in  the  form  of  powder  with 
sulphur  and  potassic  carbonate.  Sulphid  of  iron  and  potassium 
is  formed  by  fusing  together  1  part  of  pulverized  iron,  6  parts  of 
dry  potassic  carbonate  and  6  parts  of  sulphur,  until  the  mass  has 
become  uniformly  and  (juietly  fused.  Water  diffuses  from  the 
cooled  mass  much  potassic  sulphite  and  hyposulphite  and  leaves 
the  new  compound  in  crystals.  The  new  salt  has  the  formula 
KgS.FeaSg  or  atomistically, 

S-K 

S=]^e2^z=S 

It  forms  long  flexible  needles  of  brilliant  luster  and  purple  brown 
color.  At  ordinary  temperatures  it  is  permanent.  Acids  even 
when  very  dilute  decompose  this  body  easily  with  evolution  of 
hydric  sulphid  and  separation  of  sulphur.  Heated  in  a  current  of 
hydrogen  it  loses  one  atom  of  sulphur  preserving  its  luster  and, 
crystalline  structure.  The  new  compound  has  the  formula  KjS . 
2Fe&,  or, 

:^e»^z=S 
4-K 
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Schneider  considers  it  probable  that  in  fusing  ferric  oxyd  with 
potassic  or  sodic  carbonate  similar  compounds,  containing  oxygen 
in  place  of  sulphur,  are  formed. 

When  bismuth  is  used  in  the  above  process  in  place  of  iron, 
delicate  light  steel  gray  brilliant  crystalline  needles  are  formed 
which  have  the  formula  ^\2^2^^'>  ^^y 

S— K 

s=:iii/'=s 

This  compound  is  easily  and  completely  decomposed  by  chlorhy- 
dric  acid  with  evolution  of  hydric  sulphid.  The  author  has 
obtained  similar  compounds  containing  copper,  iron  and  copper, 
and  platinum.  They  are  beautifully  crystalline  and  will  form  the 
subject  of  future  more  extended  description. — Pogg,  Ann,,  B.  136, 
p.  460.  w.  G. 

6.  On  a  new  series  of  crystallized  platinum  compounds, — By 
the  action  of  stannous  chlorid  upon  platinio  chlorid,  Schksideb 
obtained  a  substance  having  probably  the  empirical  formula, 
Na^PtaSngOg,  which  though  not  yet  thoroughly  studied,  forms 
the  starting  point  from  wnich  the  author  obtained  some  very 
remarkable  new  compounds.  When  an  intimate  mixture  of  4  parts 
of  the  above  compound,  6  of  potassic  carbonate  and  8  or  10  of  sul- 
phur are  fused  together,  and  the  cold  fused  mass  is  treated  with 
water,  a  cochineal  red  crystalline  powder  remains,  easily  obtained 
pure  by  washing.  Under  the  microscope  this  compound  is  seen  to 
consist  of  sharply  defined  sixHsided  tables  of  an  almost  metallic  lus- 
ter, which  vary  in  color,  according  to  their  thickness,  from  light  yel- 
lo¥rish  red  to  deep  garnet  red.  Tne  crystals  are  insoluble  in  water 
and  unchanged  by  it.  Dilute  chlorhydric  acid  colors  them  at  once 
dark  greyish-black  and  takes  up  potash,  but  without  evolution  of 
any  gas  whatever.  The  residue  is  free  ^om  potash  and  is  not  at- 
tack^ by  boiling  chlorhydric  or  nitric  acid  and  but  slowly  by  aqua 
regia.  The  ori^al  red  bodywhen  heated  in  a  current  of  hydro- 
gen loses  f  of  its  sulphur.  The  residue  then  gives  up  potash  to 
chlorhydric  acid,  and  the  residue  thus  obtained  loses  all  the  re- 
maining sulphur,  when  heated  in  hydrogen,  and  leaves  a  mixture 
of  tin  and  platinum.  From  this  it  appears  that  the  last  ^  of 
the  sulphur  is  retained  through  the  influence  of  the  potash.  The 
direct  expression  of  the  results  of  the  analysis  of  the  red  compound 
is  Sn  O  K  PtjSg.  The  simplest  atomistic  formula  appears  to  be 
the  following : 


t 


*^2 

A"- 4 

The  action  of  chloAydric  acid  on  this  salt  is  then  readily  explained 
dnce,  without  writmg  the  whole  formula,  we  see  at  once  that 
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KjO +2HCl=Hae-(-2KCl.  The  residue  must  therefore  have  the 
formula, 

Pt"--S 

p't^^-4 

The  action  of  hydrogen  upon  the  new  compound  may  then  \}e 
expressed  by  the  equation : 

Pt»»-S  Pt 

h''—h  Pt 

Hence  the  residue  consists  of  metallic  platinum  mixed  with  a 
simple  oxyHsulpho  salt  in  which  tin  and  platinum  are  now  diatomia 
The  action  of  chlorhydric  acid  on  the  oxy-sulpho  salt  may  be 
represented  by  the  equation : 
Pt»—  S 

ia      4+2HCl=H20+2KCl+J^~  J. 

The  last  term  when  heated  in  hydrogen  then  gives  hydric  sulphid 
and  a  mixture  of  tin  and  platinum.  The  corresponding  sodium 
salt  may  be  obtained  in  the  same  manner  and  closely  resembles  the 
potassic  compound. — Pogg,  Ann.^  cxxxvi,  p.  106.  w.  g. 

7.  Contributions  to  a  knowledge  of  conjugate  bodies  in  inor- 
gantc  Chemistry. — Under  this  title  Blomsteand  has  communica- 
ted a  number  of  interesting  notices  of  what  may  be  termed  atomic 
aggregation.  Platino-cyanid  of  potassium  takes  up  two  atoms 
ol    iodine  with    great    facility,  forming  an  iodo-platinocyanid. 


scribed  by  Knop.  The  corresponding  salts  of  other  positive  metals 
are  easily  obtamed.  Iodine  m  like  manner  unites  directly  with 
auro-cyanid  of  potassium  forming  long  brilliant  brown  needles, 
KCyjAuIj.  Similar  compounds  of  chlorine  and  bromine  also 
exist.  Double  nitrite  of  platiuous  oxyd  and  platinum,  K^Pt 
(NOj)^,  also  takes  up  chlorine  and  bromine  readUy,  forming  yel- 
low crystalline  salts  which  the  author  formulates  as  follows : 
(K-e-.Ne=Ne-e)aPtCla  and  (R-e-Ne=Ne-e)2PtBra. 
Blomstrand  regards  the  ammonia-nitrite  of  Lang  ^NH3)2Pt. 
(^02)2  *^  ^^  intermediate  term  between  the  ammoma  and  the 
nitrous  series  and  gives  it  the  formula  (HjNzzNO — 0)2Pt.  This 
salt  also  unites  with  chlorine  and  bromine,  forming  very  beautiful 
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crystals.  The  bromid  has  the  formula  (H3N=Ne--0)2PtBrj 
and  is  the  bromid  of  a  true  base  in  whicn  the  bromine  may  be 
replaced  by  oxygen  acids.  The  author  terms  the  base  plato-nitros- 
amin.  The  paper  contains  many  interesting  and  instructive  illus- 
trations of  tne  author's  peculiar  views  of  the  qualitative  influence 
produced  on  compounds  by  the  substitution  of  electro-positive  or 
electro-negative  elements — ^views  which  are  set  forth  with  much 
clearness  and  force  in  his  recently  published  work  '^  Die  Chemie  der 
3eXtXa/&iV'*'-Berichteder  DeutBcken  Chemisc/ien  GeseUachaftj  1869, 
No.  9,  p.  202.  w.  G. 

IL  MINERALOGY  AND  GEOLOGY. 

1.  On  tJie  Surface  Geohgy  of  the  Basin  of  tJie  Qreat  Lakea^ 
and  the  Valley  of  the  Mississippi ;  by  Db.  J.  S.  N  bwbbbrt, 
(Ann.  Lye.  Nat.  Hist.  N.  York,  ix,  213,  1869). — In  this  important 
paper  the  author,  after  reviewing  the  general  facts  with  regard  to 
the  drift,  remarks  as  follows  on  the  history  of  the  era  : 

"  Ist. — That  in  a  period  probably  synchronous  with  the  glacial 
epoch  of  Europe, — at  least  corresponding  to  it  in  the  sequence 
of  events, — the  northern  half  of  the  continent  of  North  America 
had  a  climate  comparable  with  that  of  Greenland ;  so  cold,  that 
wherever  there  was  a  copious,  precipitation  of  moisture  from 
oceanic  evaporation,  that  moisture  was  congealed  and  formed 
glaciers  which  flowed  by  various  routes  toward  the  sea. 

"  2nd. — ^That  the  courses  of  these  ancient  glaciers  corresponded 
in  a  general  way  with  the  present  channels  of  drainage.  The  di- 
rection of  the  glacial  furrows  proves  that  one  of  these  ice  rivers 
flowed  from  Lake  Huron,  along  a  channel  now  filled  with  driA;, 
and  known  to  be  at  least  1 50  feet  deep,  into  Lake  Erie,  which  was 
then  not  a  lake,  but  an  excavated  valley  into  which  the  streams  of 
northern  Ohio  flowed,  100  feet  or  more  below  the  present  lake 
level.  Following  the  line  of  the  major  axis  of  Lake  Erie  to  near 
its  eastern  extremity,  here  turning  northeast,  this  glacier  passed 
through  some  channel  on  the  Canadian  side,  now  filled  up,  into 
Lake  Ontario,  and  thence  found  its  way  to  the  sea  either  dv  the 
St.  Lawrence  or  by  the  Mohawk  and  Hudson.  Another  glacier 
occupied  the  bed  of  Lake  Michigan,  having  an  outlet  southward 
through  a  channel — now  concealed  by  the  heavy  beds  of  drift 
which  oc^supy  the  surface  about  the  south  end  of  the  lake — ^pass- 
ing near  Bloomington,  UL,  and  by  some  route  yet  unknown  reach- 
ing the  trough  of  the  Mississippi,  which  was  then  much  deeper 
than  at  present. 

"8rd. — At  this  period  the  continent  must  have  been  several 
hundred  feet  higher  than  now,  as  is  proved  by  the  deeply  exca- 
vated channeb  of  the  Columbia,  Golden  Gate,  Mississippi,  Hud- 
son, 4fcc.,  which  could  never  have  been  cut  by  the  streams  that 
now  occupy  them,  unless  flowing  with  greater  rapidity  and  at  a 
lower  level  than  they  now  do." 

After  further  explanations  he  takes  up  the  subject  of  the  I>rift 
Deposits. 
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"The  Drift  deposits  which  cover  the  glacial  surface,  consisting 
of  fine  clays  below,  sands  and  gravel  above,  large  transported 
boulders  on  the  surface,  and  the  series  of  lake  ridges  (beaches)  over 
all,  form  a  sequence  of  phenomena  of  which  the  history  is  easily 
read. 

"The  lower  series  of  blue  or  red  clays — ^the  *Erie  clays'  of  Sir 
William  Logan — over  a  very  large  area,  rest  directly  on  the  planed 
and  polished  rock  surfaces.  These  clays  are  often  accurately  strat- 
ified, were  apparently  deposited  in  deep  and  generally  quiet  water, 
and  mark  a  period  when  the  glacial  ice-masses,  melted  by  a  change 
of  climate,  retreated  northward,  leaving  lar^e  bodies  of  cold,  fresh 
water  about  their  southern  margins,  in  which  the  mud  produced 
by  their  grinding  action  on  the  paleozoic  rocks  of  the  Lake  Dis- 
trict was  first  suspended  and  then  deposited. 

"  On  the  shores  of  Lake  Erie  these  clays  contain  no  boulders, 
and  very  few  pebbles,  while  farther  north  and  west  boulders  are 
more  abundant.  This  is  precisely  what  might  be  expected  from 
the  known  action  of  glacial  masses  on  the  surfaces  over  which  they 
pass.  Their  legitimate  work  is  to  grind  to  powder  the  rock  on 
which  they  rest ;.  an  eflfect  largely  due  to  the  sand  which  gathers 
under  them,  acting  as  emery  on  a  lead  wheel.  The  water  Sowing 
from  beneath  glaciers  is  alwajrs  milky  and  turbid  from  this  cause. 
Rocks  and  boulders  are  sometimes  frozen  into  glaciers,  and  thus 
transported  by  them,  but  nearly  all  the  boulders  carried  along  by 
a  glacier  are  such  as  have  fallen  from  above ;  and  a  moraine  can 
hardly  be  formed  by  a  glacier  except  when  there  are  cliffs  and 
pinnacles  along  its  course. 

"In  a  nearly  level  country,  composed  of  sedimentary  rocks 

Sassed  over  by  a  glacier,  we  should  nave  very  little  d6bris  pro- 
uced  by  it,  except  the  mud  flour  which  it  grinds. 

"  The  Erie  clays  would  necessarily  receive  any  gravel  or  stones 
which  had  been  frozen  into  the  ice,  either  as  scattered  pebbles  or 
stones,  distributed  to  some  distance  from  the  glacial  mass  by  float- 
ing fragments  of  ice,  or  as  masses  of  frozen  gravel,  or  larger  and 
more  numerous  boulders  near  the  glacier.  In  some  localities  tor- 
rents would  pour  from  the  sides  and  from  beneath  the  glacier,  so 
that  here  coarse  material  would  alone  resist  the  rapid  motion  of 
the  water,  and  the  stratification  of  the  sediments  would  be  more 
or  less  confused." 

The  author  next  mentions  the  evidence  of  a  general  subsidence, 
greater  to  the  north,  and  an  ameliorated  climate,  as  succeeding  to 
the  Glacial  era;  and  then  makes  the  following  observations  on 
the  "  Yellow  Sands  and  Surface  Bouldersy 

"I  have  mentioned  that  on  the  Erie  clays  are  beds  of  gravel, 
sand  and  clay,  and  over\hese  again  great  numbers  of  transported 
boulders,  often  of  large  size  and  of  northern  and  remote  origin. 

"These  surface  deposits  have  been  frequently  referred  to  as  the 
direct  and  normal  pn>duct  of  glacial  action,  the  materials  torn  up 
and  scraped  off  by  the  great  ice  ploughs  in  their  lone  journeys 
firom  the  North ;  m  fact,  as  some  sort  of  huge  terminiu  and  lat- 
eral moraines.    I  have,  however,  disproved,  as  I  think,  this  theory 
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of  their  transportation  in  a  paper  published  some  years  since 
(Notes  on  the  Surface  Greology  of  the  Basin  of  the  Great  Lakes. 
Proc  Bost.  Nat.  Hist.  Soc.,  1868),  in  which  it  is  urged  that  the 
continuous  sheet  of  the  Erie  clays  upon  which  they  rest,  and  which 
forms  an  unbroken  belt  between  them  and  their  place  of  origin, 
precludes  the  idea  that  they  have  been '  transported  by  any  ice- 
current  or  rush  of  water  moving  over  the  glacial  surface :  as  either 
of  these  must  have  torn  up  and  scattered  the  soft  days  below. 

"There  is,  indeed,  no  other  conclusion  deducible  fr6m  the  facts 
than  that  these  sands,  gravels,  granite  and  greenstone  boulders — 
masses  of  native  copper,  Aic,  which  compose  the  superficial '  Drift 
deposits — have  been  floated  to  their  resting  places,  and  that  the 
floating  agent  has  been  ice,  in  the  form  of  icebergs;  in  short,  that 
these  materials  have  been  transported  and  scattered  over  the  bot- 
tom and  along  the  south  shore  of  our  ancient  inland  sea  just  as 
similar  materials  are  now  being  scattered  over  the  banks  and 
shores  of  Newfoundland. 

**  If  we  restore  in  ima^ation  this  inland  sea,  which  we  have 
proved  once  filled  the  basm  of  the  lakes,  gradually  displacing  the 
retreating  glaciers,  we  are  inevitably  led  to  a  time  in  the  history 
of  this  region  when  the  southern  shore  of  this  sea  was  formed  by 
the  highlands  of  Ohio,  Ac,  the  northern  shore  a  wall  of  ice  rest- 
ing on  the  hills  of  crystalline  and  trappean  rocks,  about  Lake  Su- 
perior and  Lake  Huron. 

"  From  this  ioe-wall  masses  must  from  time  to  time  have  been 
detached, — -just  as  they  are  now  detached  from  the  Humboldt 
Glacier, — and  floated  on  southward  with  the  current,  bearing  in 
their  grasp  sand,  gravel  and  boulders — whatever  composed  the 
beach  from  which  they  sailed.  Five  hundred  miles  south  they 
grounded  upon  the  southern  shore ;  the  highlands  of  now  Western 
New  York,  rennsylvania  and  Ohio,  or  the  shallows  of  the  prairie 
region  of  Indiana,  Illinois  and  Iowa;  there  melting  away  and 
depositing  their  entire  loads — as  I  have  sometimes  seen  them,  a 
thousand  or  more  boulders  on  a  few  acres,  resting  on  the  Erie 
clays  and  looking  in  the  distance  like  flocks  of  sheep-~or  dropping 
here  and  there  a  stone  and  floating  on  east  or  west,  till  wholly 
dissipated. 

"  These  boulders  include  representatives  of  nearly  all  the  rocks  of 
the  Lake  Superior  country,  conspicuous  among  wmch  are  granites 
with  rose-colored  orthoclase,  pray  gneiss,  and  diorites,  all  charac- 
teristic of  the  Laurentian  h.enos;  homblendic  rocks,  massive  or 
schistose,  and  dark  greenish  or  bluish  siliceous  slates,  probably 
from  the  Huronian ;  dolorites  and  masses  of  native  copper  appa- 
rently from  the  Keweenaw  Point  copper  region. 

"  In  the  Drift  gravels  I  have  found  pebbles  and  small  boulders  of 
nearly  all  the  p^eozoic  rocks  of  the  lake  basin,  containing  their 
characteristic  fossils,  viz :  the  Calciferous  Sandrock  with  Madu- 
rea^  Trenton  and  Hudson  with  Ambonychia  radiatay  Cyrtolites 
omatvs^  Medina   with  Pleurotomaria  litorea^  Comiferous  with 
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Canocardittm  trigonaie^  Atrypa  reticularis^  Favoeitee  polymorplui^ 
Hamilton  with  ^irifer  nvucronaPue^  &c. 

''  The  granite  boulders  are  often  of  large  size,  sometimes  six  feet 
and  more  in  diameter,  and  generally  rounded. 

'*  Along  the  southern  margin  of  the  Drift  area,  especially  on  the 
slopes  of  the  highlands  of  Northern  Ohio,  the  Drift  sands  and 
gravels  are  of  considerable  thickness,  forming  hills  of  100  feet,  or 
more  in  height,  generally  stratified,  but  often  without  any  visible 
arrangement.  These  deposits  are  very  unevenly  distributed,  with 
a  rollmg  surface  frequently  forming  local  basins,  which  hold  the 
little  lakelets  or  sphagnous  marshes  so  characteristic  of  the  region 
referred  to.  These  are  the  beds  to  which  I  have  alluded  as  consti- 
tuting, in  the  opinion  of  some  geologists,  a  great  glacial  moraine, 
but  from  the  fiaict  that  they  are  locally  stratified,  and  overlie  the 
older  blue  clays,  I  have  regarded  them  as  transported,  not  by 
glaciers  but  by  icebergs. 

^'  Possibly  some  part  of  this  Drift  material  may  have  accumulated 
along  the  margin  of  the  great  glacier,  moved  by  its  agency ;  but 
in  that  case  we  should  expect  to  find  in  it  abundant  fragments  of 
the  rocks  which  outcrop  in  the  region  under  consideration,  whereas 
I  have  rarely,  if  ever,  seen  in  these  Drift  gravels  any  representa- 
tives of  the  rocks  underlying  the  South  mar^  of  the  lake  basin. 

"  By  whatever  agency  transported,  the  Drift  gravels  have,  like 
the  boulders,  for  the  most  part  come  from  some  remote  point  at  the 
North,  and  were  once  spread  broadcast  along  the  southern  shore 
of  the  inland  iceberg-bearing  sea. 

^'  In  the  retreat  of  the  shore  line  during  the  contraction  of  the 
water  surface  down  to  its  present  area,  every  part  of  the  slope  of 
the  southern  shore,  between  the  present  water  surface  and  the 
highest  lake  level  of  former  times,  i.  e.,  all  within  a  vertical  height 
of  300  feet  or  more,  must  in  turn  have  been  submitted  to  the 
action  of  the  shore  waves,  rain  and  rivers,  by  which  if^  as  is  prob- 
able, the  retrograde  movement  of  the  water  line  was  slow,  these 
loose  materials  would  be  rolled,  ground,  sorted,  sifted  and  shifted, 
so  that  comparatively  little  would  be  left  in  its  original  bedding ; 
the  fine  materials,  clay  and  sand,  would  be  washed  out  and  carried 
farther  and  still  farther  into  the  lake  basin,  and  spread  over  the 
bottom,  to  form,  in  short,  the  upper  sand  layers  of  the  Drift." 

Dr.  Newberry  closes  with  remarks  on  the  origin  of  the  great 
lakes,  in  which  he  states  his  conclusion  that : 

'Mst  Lake  Superior  lies  in  a  synclinal  trough,  and  its  mode  of 
formation  therefore  hardly  admits  of  question,  though  its  sides 
are  deeply  scored  with  ice-marks,  and  its  form  and  area  may  have 
been  somewhat  modified  by  this  agent. 

*^  2d.  Lake  Huron,  Lake  Michigan,  Lake  Erie,  and  Lake  Ontario, 
are  excavated  basins  wrought  out  of  once  continuous  sheets  of 
sedimentary  strata,  by  a  mechanical  agent,  and  that  ice  or  water, 
or  both.'* 
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2.  On  the  Nature  and  Caiuae  of  the  Glacial  Climate ;  by  Joseph 
John  Mubphy,  Esq.,  F.G.S.  (Q.  J.  Geol.  Soc.,  xxv,  350,  1869).— 
In  the  present  paper  I  purpose  to  show  how  far  I  agree  with,  and 
where  I  differ  from,  Mr.  CroU  as  to  the  views  on  the  cause  of  the 
glacial  climate  set  forth  in  his  paper  in  the  *  Philosophical  Maga- 
zine '  for  August,  1864. 

Mr.  CroU's  conclusions  may  be  stated  in  the  three  following 
propositions : — 

1.  A  glacial  period  occurs  when  the  eccentricity  of  the  earth's 
orbit  is  at  a  maximum,  and  the  solstices  fall  when  the  earth  is  in 
perihelio  and  in  apbelio. 

2.  Only  one  hemisphere,  the  northern  or  the  southern,  has  a 
glacial  climate  at  the  same  time. 

3.  The  glaciated  hemisphere  is  that  of  which  the  tointer  occurs 
in  aphelio. 

I  agree  with  Mr.  Croll  as  to  the  first  two  propositions,  but  differ 
as  to  the  third.  I  believe  that  the  glaciated  hemisphere  is  that  of 
which  the  tummer  occurs  in  aphelio. 

The  following  propositions  are  self^vident  when  stated: — 

When  the  eccentricity  of  the  earth's  orbit  is  very  considerable, 
and  the  winter  of  either  hemisphere  occurs  in  perihelio  and  its 
Slimmer  in  aphelio,  the  nearness  of  the  sun  in  winter  will  cause  a 
mild  winter,  and  his  remoteness  in  summer  will  cause  a  cool 
summer. 

Conversely,  in  the  opposite  hemisphere  at  the  same  time,  the 
winter  will  occur  in  apnelio  and  the  summer  in  perihelio :  the  re- 
moteness of  the  sun  in  winter  will  cause  a  cold  winter,  and  his 
nearness  in  summer  will  cause  a  hot  summer. 

Suppose,  for  instance,  that  when  the  eccentricity  of  the  earth's 
orbit  is  much  greater  than  at  present,  the  midwinter  of  the  Northern 
hemisphere  occurs  in  periheho;  then 

the  Northern  hemisphere  will  have  a  mild  winter  and  cool  summery 
the  SoiUhem  hemisphere  will  have  a  cold  winter  and  hot  summer. 

So  far  (granting  Mr.  Croll's  astronomical  data,  for  which  he  cites 
Leverrier,  and  which  I  believe  are  indisputable)  there  is  no  room 
for  doubt.  I  have  now  to  discuss  the  question,  what  effect  these 
diversities  of  climate  will  have  in  producing  glaciation. 

Mr.  Croll  thinks  the  hemisphere  of  ooldtointer  will  be  the  gla- 
ciated one.  I  think,  on  the  contrary,  the  hemisphere  of  cool  summer^ 
will  be  the  glaciated  one. 

On  this  subject  it  is  needless  to  attempt  to  make  any  deduction 
from  theory.  We  have  plenty  of  observed  data ;  and  I  think  I  can 
show  that  they  all  go  to  prove  a  cool  summer  to  be  what  most  pro- 
motes glaciation,  while  a  cold  winter  has,  usually,  no  effect  on  it 
whatever. 

Forbes,  in  his  work  on  Norway  and  its  Glaciers,  p.  206,  quotes 
^the  excellent  generalization  of  von  Buch,  that  it  is  the  tempera- 
ture of  the  summer  months  which  determines  the  plane  of  perpetual 
snow."  This  indeed  is  almost  an  identical  proposition ;  for  per- 
petual snow  is  snow  that  lies  through  the  heats  of  summer ;  and 
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it  would  appear  obvious  enough,  had  it  not  been  frequently  over- 
looked, that  it  must  be  the  temperature  of  summer  which,  other 
things  being  equal,  determines  the  level  of  summer  snow. 

But,  according  to  the  same  authoritv  (Forbes's  *  Norway  and  its 
Glaciers,'  p.  206),  "  another  cause  affecting  exceedingly  the  level 
of  the  snow-line  is  the  amount  of  snow  which  falls.'* 

These  laws  are  illustrated  in  detail  by  the  following  table.  In 
constructing  it  I  have  assumed,  what  is  tolerably  near  the  truth, 
that  the  temperature  of  the  hottest  month  of  the. year  decreases  in 
ascending  at  the  rate  of  1**  F.  for  every  300  feet.  The  tempera- 
tures are  taken,  as  accurately  as  I  have  been  able  to  do  it,  from 
Dove's  map.  My  authorities  for  the  heights  of  the  snow-line  are, 
for  the  first  four,  Durocher  as  quoted  by  Mr.  Hopkins  in  the 
*  Proceedings  of  the  Geological  Society'  for  Dec.  17,  1861,  f<>r  the 
rest,  Mrs.  Somerville's  '  Physical  Geography,'  p.  314.  The  tem- 
peratures are  in  degrees  of  Fahrenheit.    The  heights  are  in  feet. 

Temperature  of     Height  of  82>         "amxa^xtnt 

liot6ett  month       F.  In  hottest        J^Sl^hSr 

at  sea  level.  month.  inow-llne. 

Pyrenees 74  6  12750  9300 

Caucasus 77  13500  10300 

Mont  Blanc 72-5  12150  9000 

Bernese  Alps 72-5  12150  8800 

Scandinavian  Fjelde,  61^  43'  N 59  8100  5600 

Mageroe,  Norway,  extreme  north  45 '5  4050  2160 

Himalaya,  about  31°  N.,  north  side  83-76  15525  16620 

The  same,             "            south  side  83*75  15525  12980 

Andes,  near  Quito     7926  14176  15796 

.      "      18°  N 81-5  14850  14772 

"     near  Valparaiso 68  10800  12780 

"      37°  40*8 63-5  9450  7960 

Straits  of  Magellan 46*5  4050  3390 

It  is  evident  by  this  table  that  the  snow-line  rises  above  the  line 
of  32°  for  the  hottest  month  of  the  year  where  the  snow-fall  is  small, 
and  sinks  below  it  where  the  snow-fall  is  great.  In  the  Caucasus, 
the  Alps,  and  the  Pyrenees,  the  snow-line  is  about  three-fourths  of 
the  height  of  the  line  of  32°  for  the  hottest  month  of  the  year ;  in 
the  Fjelde  of  Norway,  about  two-thirds;  in  the  Peruvian  and 
Chilian  Andes  above,  but  in  Patagonia  and  Tierra  del  Fuego  below ; 
above,  on  the  north  side  of  the  Himalaya,  but  below  on  the  south 
side.  These  contrasts  are  all  to  be  explained  by  the  difference  in 
the  amount  of  snow-fall,  which  is  greater  on  the  south  than  on  the 
north  side  of  the  Himalaya,  greater  in  Patagonia  and  Tierra  del 
Fuego  than  in  Chil6  and  Peru,  and  probably  greater,  at  least  in 
winter,  in  Norway  than  in  Central,  Southern,  or  Eastern  Europe, 

The  dependence  of  the  height  of  the  snow-line  on  summer  tem- 
perature and  on  amount  of  snow-fall,  to  the  exclusion  of  winter 
temperature,  may  be  best  shown,  perhaps,  by  two  extreme  cases. 
The  mean  temperature  of  the  Altai  mountains  (according  to  Mr. 
Hopkin's  paper  cited  above)  is  below  freezing ;  yet  in  consequence 
of  the  comparatively  warm  summer,  and  the  small  snow-fall,  the 
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height  of  the  snow-line  (Mrs.  Somerville's  *  Physical  Geography,' 
p.  61)  is  about  6000  feet.  On  the  Straits  of  Magellan,  on  the  con- 
trary, though  the  mean  temperature  is  several  degrees  above 
freezing,  the  height  of  the  snow-line  (see  table)  is  little  more  than 
half  as  much. 

It  is  well  known  that,  other  things  being  equal,  the  magnitude 
of  glaciers  depends  on  that  of  the  snow-fields  in  which  they  rise ; 
and  a-s  of  course  any  depression  of  the  snow-line  will  enlarge  the 
snow-field,  it  follows  that  the  lower  the  snow-line  the  further  will 
the  glaciers  descend  below  it.  As  a  decrease  of  about  3o  F.  is  due 
to  every  1000  feet  of  ascent  in  the  hottest  month,  it  follows  that  a 
fall  of  temperature  to  that  extent  in  the  hottest  month  would ' 
lower  the  snow-line  by  about  1000  feet;  and  in  many  cases  it  is 
likely  that  the  glaciers  in  such  a  case  would  descend  1000  feet  fur- 
ther below  the  snow-line  than  atpresent,  thus  gaining  a  total 
increase  of  2000  feet  of  descent.  This  might  not  have  much  effect 
on  the  climate  of  Central  Europe,  but  it  would  have  a  very  great 
effect  in  those  high  latitudes  where  the  glaciers  would  reach  the 
sea  and  give  origin  to  icebergs ;  for  we  know  that  icebergs  have 
great  influence  as  transporters  of  cold. 

In  particular  cases  the  effect  of  a  comparatively  slight  fall  of 
summer  temperature  would  be  very  great.  I  quote  from  Forbes' 
*  Norway  and  its  Glaciers,'  p.  216  : — 

**  Though  the  surface  actually  covered  by  perpetual  snow  in  Nor- 
way be  small,  yet  the  mountainous  districts  and  tablelands  every- 
where approach  it  so  nearly  that  the  snow-plane  may  be  said  to 
hover  over  the  peninsula,  and  any  cause  which  should  lower  it  even 
a  little  would  plunge  a  great  part  of  the  country  under  a  mantle 
of  frost." 

And  again,  p.  243  : — 

"  It  is  exceeaingly  probable  that  a  diminution  of  the  temperature 
of  the  summer  months  by  4°  only  would  at  once  place  one-fowrth 
of  the  surface  of  Norway  within  the  snow-line;  and  so  vast  amass 
of  snow  would  refrigerate  the  climate,  especially  the  summer  tem- 
perature, to  such  a  degree  as  would  unquestionably  pour  glaciers 
mto  the  head  of  every  fiord  in  western  Norway.  .  .  ,  The 
lowering  of  the  snow-hne  over  so  large  a  surface  would  deteriorate 
the  climate  and  lower  the  mean  temperature,  which  would  lower 
the  snow-line  still  further." 

The  change  in  the  eccentricity  of  the  earth's  orbit  is  in  all  proba- 
bility amply  sufficient  to  account  for  this  or  a  much  greater  change 
in  summer  temperature. 

I  take  the  following  data  from  Mr.  CroU's  paper.  The  recently 
ascertained  error  in  the  old  determinations  of  the  sun's  distance 
affects  both  distances  alike,  and  consequently  does  not  affect  their 
ratio.  Along  with  the  maximum  distances  of  the  sun  at  present 
and  at  greatest  eccentricity,  I  state  the  proportionate  quantities  of 
heat  the  earth  will  receive  under  those  two  mfferent  conditions : — 

Ban*B  mftzimum  Bfttio  of  heat 

distance.  received. 

At  present    96,473,206  miles     ....     1 00 

At  greatest  eccentricity. .     102,256,873      "         ....       90 


Digitized  by  VjOOQ  IC 


118  Scientific  Intelligence, 

So  that  in  the  one  case  the  earth  receives  about  one-tenth  less  heat 
than  in  the  other. 

The  sun's  maximum  distance  occurs  at  present  a  little  after  the 
midsummer  of  the  northern  hemisphere.  When  it  occurred  at  the 
same  time  of  the  year  during  the  period  of  greatest  eccentricity, 
the  earth  at  our  midsummer  was  receiving  only  nine-tenths  of  the 
quantity  of  heat  which  it  now  receives  at  that  time  of  the  year.  I 
cannot  calculate  the  effect  on  climate ;  but  it  must  have  been  very 
great,  not  only  directlv,  by  depressing  the  snow-line,  but  as  Forbes 
remarks  in  the  place  cited  above,  indirectly  by  chilling  the  air — and 
I  will  add,  by  nlling  the  North  Sea  with  the  icebergs  which  must 
have  broken  off  from  the  glaciers  that  filled  the  Norwegian  fiords, 
as  they  do  now  from  the  glaciers  of  Greenland-  We  have  plenty 
of  evidence  of  iceberg  action  during  the  glacial  period. 

I  believe  I  have  shown  that  glaciation  depends  chiefly  on  a  cold 
summer,  but  partly  also  on  an  abundant  snow-fall.  I  have  now 
to  show  that  a  period  of  cold  summers,  caused  as  I  have  explained, 
must  be  also  one  of  snowy  winters ;  so  that  the  two  conditions 
favorable  to  glaciation  will  occur  together. 

During  the  mild  winter  of  the  glaciated  hemisphere,  there  is  a 
hot  summer  in  the  opposite  one.  Increase  of  temperature  promotes 
increase  of  evaporation  in  a  much  greater  ratio  than  that  of  the 
increase  of  temperature ;  and  increased  evaporation  in  the  summer 
hemisphere  will  produce  increased  snow-fall  in  the  winter  one. 
We  know  that  at  present  the  vapor  raised  in  one  hemisphere  is 
to  a  great  extent  precipitated  in  the  other ;  for,  were  it  not  so,  the 
southern  hemisphere,  by  reason  of  its  greater  extent  of  ocean  sur- 
face, would  have  a  rainier  climate  than  the  northern :  and  such  does 
not  appear  to  be  the  case  on  the  whole.  Besides,  during  a  glacial 
period,  the  atmospheric  circulation  between  the  two  hemispheres, 
at  the  time  of  the  earth's  minimum  distance  from  the  sun  (which 
on  my  theory  was  in  the  winter  of  the  glaciated  hemisphere),  must 
be  more  active  than  ever  it  is  now  ;  for  when  the  earth,  at  either 
solstice,  was  nearer  the  sun  than  is  ever  the  case  now,  and  the 
difference  of  temperature  between  the  two  hemispheres  conse- 
quently at  its  greatest  possible  amount,  this  would  produce  a  very 
active  circulation  of  atmospheric  currents  between  the  two  hemi- 
spheres, which  would  involve  the  deposition  as  rain  or  snow  in 
the  winter  hemisphere  of  a  great  part  of  the  moisture  evaporated 
in  the  summer  one. 

[The  author  continues  with  remarks  on  fiords  as  results  of  the 
Glacial  era,  a  subject  long  since  discussed  in  this  Journal.] 

3.  Oeological  tteport  of  the  exploration  of  the  Yellotostone  and 
Missouri  Rivers  ;  by  Pr.  F.  v .  Haydbn,  Assistant  under  the 
direction  of  Captain  (now  Lieut.  Col.  and  Brevet  Brig,  Gen.) 
W.  F.  Reynolds,  Corps  of  Engineers,  1859-60,  with  a  colored 
map.  174  pp.  8vo.  1869. — Several  years  have  elapsed  since  the 
explorations  for  this  report  were  made,  and  many  of  its  general 
conclusions  have  appeared,  through  the  author,  in  this  JoumaL 
The  details  here  presented  will  be  read  with  much  interest.    The 
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map  is  large  and  very  instructive,  showing,  more  accurately  than 
had  been  done  before,  the  distribution  of  the  Tertiary  and  Creta- 
ceous formations,  and  the  girt  of  Carboniferous  and  Potsdam  rocks 
around  the  high  metamorphic  ridges  of  the  summit.  Some  fur- 
ther explorations  of  the  mountains  are  required  to  make  certain 
all  the  points  in  this  distribution. 

'ITie  last  thirty  pages  of  the  volume  are  occupied  by  a  report  on 
the  Cretaceous  and  Tertiary  plants  of  the  i-egion,  by  Dr.  J.  S.  New- 
berry, now  Professor  of  Geology  and  Paleontology  in  the  School 
of  Mines,  Columbia  College,  New  York.  Dr.  Newberry's  exten- 
sive knowledge  of  the  fossil  Botany  of  North  America  has  enabled 
him  to  ffive  his  memoir  great  value.  Dr.  Hay  den's  absence  in  the 
mountains,  during  the  past  year,  while  his  report  was  in  press, 
accounts  for  its  many  typographical  errors. 

In  the  exploration  of  last  year  here  referred  to.  Dr.  Hayden  was 
engaged  in  a  new  Government  Survey  under  the  direction  of  the 
Department  of  the  Interior ;  and  the  first  pages  of  the  "  Prelimin- 
ary Field  Report  of  the  Survey  "  have  been  received  by  us.  The 
Report  promises  to  be  one  of  great  value  to  the  science,  and  a  notice 
of  its  results  may  be  looked  for  in  our  next  number.  The  Hon. 
T.  D.  Cox,  Secretary  of  the  Interior,  states  in  his  annual  Report  for 
the  year  1869,  that  "  Dr.  Hayden  entered  on  his  labors  in  the  field 
the  last  of  June,  at  Cheyenne,  Wyoming  Territory.  His  route  was 
through  Denver,  the  silver  and  gold  mining  region  of  Georgetown 
and  Central  City,  the^  Middle  Pane,  Colorado  City,  and  Fort  Union 
to  Santa  F6,  returning  through  the  San  Luis  Valley  and  South  Park 
to  Denver.  The  exploration,  though  brief  and  rapid,  was  eminently 
success^,  and  the  collections  in  geology,  mineralogy,  botany,  and 
zoology  were  extensive.  His  preliminary  report  bears  date  Oct.  16. 
It  is  accompanied  by  two  other  reports  made  to  him  by  his  assist- 
ants—one on  mines  and  raining,  tne  other  on  agriculture.  These 
papers  are  a  valuable  contribution  to  our  knowledge  of  the  subjects 
which  they  embrace,  and  merit  careful  perusaL" 

4.  Mineralogy  Ulustrated;  by  Dr.  J.  G.  v.  Kurr,  Prof.  Roy. 
Polytechn.  School  at  Stuttgart,  etc.  22  large  colored  plates  inter- 
leaved with  explanatory  text. — The  figures  m  this  Atlas  represent 
in  colors  crystals  or  massive  specimens  of  various  minerals,  espe- 
cially the  ornamental  species,  and  is  intended  to  aid  the  student  in 
their  identification.  The  figures  are  in  general  well  colored ;  and 
although  the  text  is  not  wholly  free  from  its  German  idiom,  the 
work  may  be  of  value  in  the  study  of  the  science. 

6.  Tableau  Mineralogique ;  by  M.  Adam,  Commancfer  de  la 
Legion  d'Honneur,  etc.  102  pp.  4to.  Paris,  1869. — ^A  classified  cata- 
logue of  the  minerals  in  the  splendid  collection  of  Mr.  Adam,  of 
Paris,  with  a  brief  statement  of  the  character  and  composition  of 
the  species. 
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nL    BOTANY  AKD  ZOOLOGY. 

1.  Botanical  NotahUia. — Some  annooncements  of  recent  publica- 
tions  with  cursory  remarks,  and  items  of  intelligence  are  here 
brought  together  m  the  expectation  that  they  may  be  interesting 
or  useful  to  botanical  readers  of  the  Journal  The  only  one  of 
the  publications  here  mentioned  which  can  be  said  to  possess  much 
general  interest  is  the  first,  viz : 

An  Address  of  George  BerUham^  Esq.y  Preside/nt  of  the  lAnncean 
Society^  London^  read  at  the  Anniversary  Meeting,  May  24,  1869. 
It  is  the  latest  one  of  that  series  of  pertinent  annual  discourses  by 
which  Mr.  Bentham's  presidency  has  oeen  distinguished,  and  which 
it  is  hoped  he  will  continue.  A  preceding  one  was  reprinted  in 
this  Journal,  and  it  would  be  well  that  this  should  be  also.  The 
topic  is  Geographical  Biology^  considered  first  for  plants  and  then 
more  succinctly  for  animals.  Although  distribution  is  one  of  the 
strongest  points  of  derivative  doctrine,  yet  it  is  wonderful  to  see, 
in  the  light  of  this  sober  and  impartial  survey,  how  entirely  the 
whole  aspect  of  philosophical  natural  history  in  this  regard  has 
changed  within  two  decades.  "  Centres  of  creation,"  and  the  like 
are  of  the  language  of  the  past,  here  replaced  by  Bentham^s  hap- 
py term  of  "  areas  of  preservation."  And  the  conclusion,  tardily 
reached  ^'  that  the  present  geographical  distribution  of  plants  was 
in  most  instances  a  derivative  one,  altered  from  a  very  different 
former  distribution,"  has  been  followed  by  the  conviction  that  the 
present  species  themselves  are  equally  derivative,  and  have  a 
changeful  history,  some  steps  in  which  may  be  dimly  surmised  by 
the  study  of  cognate  forms,  extant  or  fossil  At  the  point  now 
reached,  if  not  by  general  yet  by  lar^e  consent,  the  problems  we 
are  led  to  consider  are  such,  that  it  is  indispensable  to  have  a 
term  of  wider  application  than  "  species  "  technically  means ;  and 
Mr.  Bentham  here  appropriates  to  this  use  the  word  Race^  to  de- 
note either  permanent  variety  (the  old  meaning  of  the  word 
when  definitely  restricted),  or  species,  or  groups  of  two  or  more 
near  and  sooalled  representative  species,  I  e.,  for  those  collections 
of  individuals  or  resembling  groups  of  individuals  whose  associa- 
tion in  the  way  of  lineage  is  taken  for  granted  by  this  class — or 
rather  by  these  classes — of  naturalists.  As  the  term  was  only  be- 
ginning to  get  fixity  in  its  restricted  sense,  it  will  take  the 
wider  sens  e  without  confusion  or  difficulty,  and  with  the  advantage 
of  a  vernacular  instead  of  a  new-coined  purely  technical  word. 

The  Miscellaneous  Botanical  Works  of  JKobert  Broton^  which 
Mr.  Bennett  has  edited  for  the  Ray  Society  (2  vols.  8vo),  are  now 
completed  by  the  Atlas  of  Plates,  in  small  folio,  38  plates.  The 
best  thanks  of  Botanists,  especially  of  the  younger  ones,  are  due 
to  Mr.  Bennett  and  to  the  Council  of  the  Ray  Society. 

Another  publication  hj  the  Ray  Society  for  which  botanists 
will  be  grateful  is  the  Vegetable  Teratology^  an  Account  of  the 
principal  Derivations  from  the  itsual  construction  of  Plants  j  by 
Dr.  Masters.  It  was  published  last  autumn,  and  forms  an  8vo 
V  olume  of  nearly  600  pages,  illustrated  by  over  200  wood-cuts. 
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The  coliection  of  cases  is  ample,  the  arrangement  clear  and  scien- 
tific, and  the  general  handling  of  morphological  questions  and  the- 
ories of  structure  shows  a  full  acquaintance  with  the  subject.  One 
cannot  here  well  advert  to  points  which  invite  discussion  or  further 
remark.  Indeed  a  treatise  of  this  character  and  upon  such  topics 
ought  to  be  reviewed  in  extenso.  It  should  be  observed  in  pass- 
ing that  it  may  not  be  quite  correct  to  speak  of  DeCandolle  as  "  giv- 
ing in  his  adhesion  to  the  morphological  hypothesis  of  Goethe  (p. 
xxii,  also  p.  476) :  it  is  generally  understood  that  when  the  Thiorie 
JElhmintaire  and  the  Organographie  were  written  DeCandolle  knew 
nothing  of  Goethe's  essay,  and  had  never  heard  oi  Wolff. 

A  memoir  of  the  Life  of  the  late  Prof  Wm,  H.  Harvey ^  prin- 
cipally made  up  of  his  own  inimitable  letters,  edited  by  a  surviving 
relative,  has  lately  been  published  by  Bell  and  Dalby,  London.  The 
book  was  at  first  intended  for  private  distribution ;  but  it  was  well 
decided,  as  his  many  friends  and  admirers  in  this  country  will  be 
glad  to  know,  that  it  should  be  issued  through  a  publisher  in  the 
usual  way.  It  makes  an  octavo  volume  of  goodly  size.  Such  a 
charming  photograph  of  a  lovely  character  will  interest  many  to 
whom  Dr.  Harvey  was  personally  unknown. 

The  Genera  of  South  African  Plants  was  one  of  the  late  Dr. 
Harvey's  first  undertakings  when  established,  it  was  thought  for 
some  years,  at  the  Cape  of  Good  Hope.  It  was  published  at  Cape 
Town,  in  1838,  and  most  useful  it  was  in  inspiring  and  developing 
the  Btudv  of  Botany  in  the  Colony :  nor  is  its  usefulness  superseded 
by  the  elaborate  P^^lora  Capeneie^  which  was  carried  on  with  re- 
markable promptitude  while  Dr.  Harvey  Uved,  but  which  remains 
unfinished.  He  had  prepared  in  a  good  degree  the  materiab  for  a 
new  edition  of  the  Genera,  which  has  i  ow  been  edited  by  Dr. 
Hooker,  the  succinct  introduction  to  Botany  originally  prepared 
by  Mr.  Bentham  for  his  British  Flora,  and  since  added  to  all  the 
Colonial  Floras,  being  prefixed. 

As  to  these  Colonial  Floras,  that  of  Australia  is  pushed  forward 
with  Mr.  Bentham's  customary  vigor,  under  the  great  advantage 
of  his  unsuipassed  knowledge  and  his  enviable  opportunity  of  be- 
ing able  to  devote  his  whole  time  without  distraction  to  Systematic 
Botany.  The  fourth  volume  of  the  Flora  Avstraliensis  appeared 
almost  2^  year  ago:  it  contains  most  of  the  Monopetalous  orders 
after  the  Compositae^  excepting  VerheruiceoB^  LoMatce^  ifec,  which 
are  probably  already  in  type  for  the  fifth  volume.  Under  Breweria 
Mr.  Bentham  justly  remarks  that  this  genus  ought  not  to  have 
been  referred  to  Bonamia  of  Madagascar,  as  I  had  rashly  done ; 
yet  he  is  wrong  in  the  supposition  that  Thenars'  ^ant^not  Convol- 
vulaceous,  but  allied  to  JEhretia  and  Cordia,  On  inspection  it 
proves  to  differ  from  Breweria^  and  to  agree  with  Cressa,  in  the 
corolla,  which  not  plaited  in  aestivation.  There  are  probably  two 
species. 

The  Mora  of  Tropical  Africa  by  Prof.  Oliver,  **  assisted  by 
other  botanists,"  though  not  exactly  a  Colonial  Flora,  is  upon  the 
same  model  It  is  founded  upon  the  African  collections  which 
have  accumulated  at  Kew.     Considerable  as  they  are  already,  they 
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represent  the  vegetation  only  of  the  outskirts  of  a  vast  terra  inr 
cognita,  of  which  we  may  hope  to  know  something  ere  long,  and 
which  may  give  to  this  work  as  it  advances  an  exceeding  inter- 
est. This  first  volume,  which  was  published  in  1868,  includes  the 
ordera  antecedent  to  Leguminoece,  The  McUvaceoe  and  their  allies 
are  by  Dr.  Masters,  who  has  paid  much  attention  to  the  structure 
of  the  flowers  of  this  group ;  the  AmpelidecBy  Sapindaceoe  and 
ConnaracecB  are  by  Mr.  Baker. 

Dr.  Oliver  has  just  published  a  neat  little  First  Book  of  BicUan 
Botany^  on  the  basis  of  his  well-known  elementary  Lessons  for 
home  use,  only  the  illustrations  of  the  natural  orders,  the  exam- 
ples, <fec.,  are  from  Indian  plants,  and  considered  in  view  of  Indian 
feotany. 

The  ninth  part  of  Dr.  Seemann's  Flora  Vitiensis^  nearly  con- 
cluding the  Phanerogamia,  has  been  for  some  time  issued ;  and 
the  lOtb,  which  will  complete  this  laborious  work,  is  in  press. 
The  Ferns  are  by  Dr.  Oaruthers  of  the  British  Museum,  so  favora- 
bly known  for  his  researches  in  fossil  botany. 

Mr.  Baker,  the  Assistant  Curater  of  the  Kew  Herbarium,  after 
comjpleting  the  Synopsis  Filicum  which  was  barely  conunenced  by 
Sir  Wm.  Hooker,  has  made  the  results  of  that  work  the  basis  of  a 
very  interesting  paper  On  the  Geographical  BistribtUion  of  Ferns, 
in  the  last  (26th)  volume  of  the  Transactions  of  the  LinnaBan 
Society. 

The  publication  of  Sir  Wm.  Hooker's  Icones  JPiantarum  closed  a 
dozen  years  ago  with  the  10th  volume,  completing  a  thousand 
plates.  Dr.  Hooker  with  the  assistance  of  Mr.  Bentham  and  Pro£ 
Oliver,  has  now  commenced  a  third  series,  of  which  two  parts  are 
issued,  one  in  November,  1867,  the  other  in  June,  1868,  and  a 
third  part  is  in  press.  The  plates  are  numbered  on  from  volume  10 
(which  is  a  convenience  in  citation)  yvz:  1001  to  1050.  They  are 
taken  from  plants  in  the  Kew  Herbarium,  and  will  serve  to  illus- 
trate some  of  the  work  going  on  in  that  richest  of  botanical  collec- 
tions, and  notably,  as  it  proceeds,  the  Genera  JPlantarum,  Thus 
far  nearly  all  are  from  the  southern  hemisphere.  Two  plants,  how- 
ever, are  Xorth  American,  viz :  Arceuthooium  brachypodtim  of  En- 
gelmann,  from  New  Mexico,  in  which  Prof.  Oliver  directs  attention 
to  some  apparent  peculiarity  of  the  ovule,  which  needs  investiga- 
tion in  the  fresh  plant ;  and  Zeitneria  Floridana  of  Chapman, 
which  Prof  Oliver  describes  as  having  a  thin  but  evident  layer  of 
albumen  around  the  embryo,  and  he  agrees  with  Chapman  in  refer- 
ring the  genus  to  Myric(zcece^  although  with  misgivings. 

A  whole  volume  of  the  Journal  of  the  lAnnoean  Society  (the 
twelfth,  issued  in  advance  of  the  eleventh),  is  occupied  with  an 
enumeration  and  description  of  all  known  Mosses  of  South 
America,  by  Mr.  Mitten,  rounded  primarily  on  Sprufce's  collections, 
which  have  been  distributed  into  sets  and  disposed  of  Mitten's 
Mvsci  Austro-Americani  thus  forms  a  substantial  8vo  volume  of 
650  pages.  A  double  number  of  the  eleventh  volume  is  equally 
devoted  to  Mr.  Spruce's  South  American  collection^  and  researches, 
viz.,  to  the  PalmcB  AmazoniccB,  an  account  by  himself  of  the 


Digitized  by  VjOOQ  IC 


Botany  and  Zoology.  12S 

Pabns  of  the  regions  yisited  by  him,  a  paper  rich  in  generally 
interesting  and  readable  as  well  as  technical  scientific  matter. 

Dr.  Anderson  has  a  paper  on  the  Palms  of  Sikkin  in  the  preced- 
ing number  of  the  same  volume ;  Dr.  Kirk  writes  on  the  Copal  of 
Zanzibar,  and  makes  out  that  the  old  or  fossil  copal  is  the  produce 
of  the  same  tree,  a  species  of  TVac/iylobium  from  which  recent 
Zanzibar  copal  is  at  present  yielded.  The  other  articles  most  note- 
worthy for  us  in  the  eleventh  and  the  later  numbers  of  the  tenth 
volumes,  are  one  by  A.  W.  Bennett  of  London  on  the  Sti^ucture 
cmd  Affinities  of  Pama8$ia^  upon  which  there  is  somewhat  to  be 
said  whenever  the  present  writer  has  opportunity  to  make  re- 
examinations in  the  view  of  correcting  certain  probable  mis- 
takes or  oversight.  On  chemical  reaction  as  a  specific  character 
in  Lichens^  by  Dr.  Lauder  Lindsay,  who  comes  to  the  conclusion 
that  these  chemical  tests  introduced  of  late  are  of  little  value  or 
reliability.  Notes  on  Jttssima  by  Charles  Wright,  a  letter  to  Dr. 
Hooker,  showing  what  excellent  characters,  hitherto  nearly  over- 
looked or  in  some  cases  misapprehended,  are  furnished  by  the  seeds, 
&c.,  in  this  genus:  and  finally  Fungi  Cubenses,  Dy  Messrs: 
Berkeley  and  Curtis,  founded  on  the  very  ample  and  largely  novel 
collections  in  this  order  made  by  Mr.  Charles  Wright  It  is  to  be 
stated  here  that  these  Ftngi,  accurately  determined  by  the  above 
distingnished  mycologists,  have  now  been  distributed  into  sets, 
and  placed  on  sale.  Application  for  the  few  remaining  sets  may 
be  made  by  letter  to  Mr.  Wright,  at  the  Harvard  University  Hei^ 
barium,  Cambridge,  Mass. 

General  Munro,  who,  when  stationed  in  Canada,  did  much  for 
American  Agrostology,  and  now  in  England  is  able  to  command 
time  for  systematic  work  in  his  favorite  order,  has  published  in  the 
Transactions  of  the  Linnsean  Society,  a  Monograph  of  Bamhusaceas. 
These,  as  now  known,  amount  to  upward  of  170  species,  belonging 
to  20  genera,  our  Cane  of  the  Southern  States  being  the  solitary 
representative  of  the  tribe  in  this  country.  The  rare  flowering 
which  renders  the  study  of  the  group  difficult,  is  a  common,  though 
not  universal  feature.  The  common  Bamboo  of  India  is  thought 
to  blossom  in  any  district  only  once  in  thirty  or  forty  years,  and 
when  a  general  flowering  occurs,  the  copious  seed,  giving  suste- 
nance to  thousands,  has  often  averted  a  famine. 

For  a  French  edition  of  his  little  work  on  the  Fertilization  of  Or- 
chids by  insects,  Mr.  Darwin  had  occasion  to  prepare  an  appendix, 
enumerating  the  priacipal  contributions  to  our  knowledge  of  this 
subject,  which  have  been  made  since  this  volume  called  attention  to 
it  and  made  the  enquiry  popular.  There  being  as  yet  no  call  for  a 
new  edition  in  Fngland,  this  appendix,  of  a  few  pages  iu  extent, 
was  turned  into  English  and  printed  last  summer  in  the  Annals 
and  Magazine  of  Natural  History. 

Dr.  Baillon,  now  the  Professor  of  Botany  in  the  School  of 
Medicine,  Paris,  commenced  the  publication  of  the  "  Adansonia^ 
Beceuil  Periodique  cf  Observations  Botcmique^^  (Qvo^)  in  J  860,  and 
the  8th  volume  was  completed  in  the  summer  of  1868.  Each 
volume  is  illustrated  by  ten  or  twelve  plates. 
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A  large  portion  of  the  articles  are  by  the  able  and  indefatigable 
editor,  the  first  being  his  essay  on  the  female  flower  of  Conferee, 
and  against  gymnospermy,  which  at  the  time  attracted  much 
attention.  (Apropos  to  which,  it  is  said  that  the  doctrine  of 
gymnospermia  wa^  first  propounded  by  Targioni  Tozetti.  I  have 
not  seen  the  passage  in  which  it  is  said  to  be  recorded.)  A  second 
article  describes,  earlier  than  elsewhere,  the  setiform  bodies  which 
stand  in  place  of  petals  in  Asarum  Europomm ;  but  states  that 
they  are  wanting  or  generally  so*  in  A,  Ganadenae ;  they  are, 
however,  very  commonly  present.  In  the  seventh  and  eighth 
volumes  are  brought  together  a  very  interesting  collection  of 
Tr6cul's  various  papers  on  the  latex,  in  ^hich  he  shows  that  this 
juice  is  contained  in  the  spiral,  dotted,  and  other  ducts  as  well  as 
m  the  so-called  vessels  of  the  latex. 

Prof.  Baillon  commenced  in  1 868,  a  work  on  Organogeny,  like  , . 
that  of  Payer's,  of  which  it  would  be  a  sort  of  supplement,  but 
extending  to  the  fi'uit  as  well  as, the  flower.     Only  a  single  fasci- 
culus has  yet  appeared  of  this  Traiti  du  Developement  de  la  Fleur 
etdu  Fruity  (V\  Masson  et  fils),  with  one  plate,  devoted  to  the 
flower  of  Santdlacem,    A  more  generally  interesting  work  of  the 
same  author,  and  one  which  is  pushed  forward  with  vigor,  is  his 
Histoire  dea  PlarUes  (imperial  8vo.  Hachette  &  (3ie,  Paris),  in  a 
series  of  monographs  of  families,  with  wood-cut  illustrations,  the 
text  with  full  readable  details  in  French,  with  copious  references, 
and  then  full  generic  characters  in  Latin.     The  three  parts  already 
published  (1868-1869),  comprise  the  JRanunctUaceoe^  the  Kosacece^ 
the  ConnaracecB  and  the  LeguminoscB-Mimosem,    To  give  an  idea 
of  Baillon's  valuation  of  genera,  and  how  greatly  he  would  reduce 
them,  it  may  be  noted  that  he  refers  back  both  Eranthis  and 
Coptis  to  HeUeborvSy^om^  Caltha  as  well  as  Calathodea  to  TroUius^ 
Aconitum  to    Delphinium^    Trautvetteria  to  JRanunctdus,    and 
Cimicifuga^  to  Actcm ;  moreover,  he  refers  the  latter  genus 
along  with  Thalictrum  to  the  Clematidem,     Crossosoma  he  doubt- 
fully places  by  the  side  of  PcBonia,  which  appears  to  be  the  best 
that  can  be  done  with  it,  giving  weight  rather  to  the  perigynous 
petals  and  stamens  than  to  the  arillus.     He  calls  attention  to  his 
niscovery,  first  recorded  in  the  Adansonia,  of  three  or  four  addi- 
tional but  minute  and  early  abortive  ovules  in  Anemone  and 
Clematis.    In  Roeacece,  beyond  the  reductions  made  by  Bentham 
and  Hooker,    Chamoerhodos  also  is  united  with  PotentiUa,  and 
Waldsteinia  as  well  as  Cohiria  with   Geum  ;  Torrey's  Coleogyne 
is  well  placed  next  to  Cercocarptis  and  Furshia  ;  but  Baillon  is 
much  mistaken  in  supposing  that  he  was  the  first  to  refer  Ijutkea 
or  Mriogynia  to  Spircea ;  it  was  so  referred  in  the  Flora  of  N. 
America  more  than  a  quarter  of  a  century  ago.      In  Torrey's 
Mnplectocladus  Baillon  has  rightly  detected  a  PrunuB^  not  far  re- 
moved from  Humboldt's  Amygdalua  microphyUa. 

It  is  rather  late  to  notice  Bureau's  Monographie  des  Bigttoniacees 
(Bailli^re,  4to)  of  which  the  two  parts  issued  bear  the  date  of  1 864, 
but  the  work  is  hardly  known  in  the  country  and  has  not  advanced 
far.    The  200  or  thereabouts  pages  of  letter-press  are  given  to  a 
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prolix  account  of  the  history  of  the  classification  of  the  order,  its 
affinities,  organographjr,  <fcc.  The  thirty-one  plates  appear  to  be 
excellent.  There  is  a  tigure  of  our  Bignonia  capreolata  L.,  under 
the  name  of  Anisostichtis  capreolata^  of  Tecoma  stans  as  Stenolo- 
bium  stans  Seem.,  of  T,  radicans  as  a  Campsis  (in  the  letter-press), 
and  of  Catalpa  hignonioides. 

The  other  section  of  the  16th  volume  of  De  CandoUe^s  Prodromus 
has  just  been  issued.  The  two  parts  form  indeed  independent 
volumes,  and  are  paged  and  indexed  as  such,  so  that  for  all  time 
botanists  will  have  to  quote  DC.  Prodr.  1*^  (I),  p.,  Ac.,  which  is 
to  be  regretted,  but  there  is  no  help  for  it.  The  present  (prior) 
part,  of  450  pages  besides  65  intercalated  ones,  contains  the 
BvxaoeoB  and  some  other  plants  excluded  from  the  JShtphorbiacece, 
by  Dr.  Mtlller;  the  Mnpetracecs  by  Alph.  DeCandolle  himself 
(Empetrum  reduced  to  one  species,  Corema  of  two,  and  a  Ceror 
tiola) ;  CannabinecB  by  the  same  (the  Ulmaceoe  and  Artoearpem 
postponed  not  being  ready),  the  Urticacece  (i  e.  the  Vrticece)  by 
Weddell ;  Piperaceoe  by  Casimir  DeCandolle  (the  Saururem  made 
a  mere  tribe,  and  the  JPiperece  mainly  included  under  Piper  of 
(J35  ,  species,  Peperomia  of  389 !) ;  Chloranthacece  by  Solms- 
Laubach  of  Halle,  reduced  to  three  genera ;  and  finally  Garryaceas 
by  the  editor,  comprising  nine  species  of  Oarrycu  It  appears  that 
the  latter  end  of  the  volume  was  printed  first,  which  explains  the 
omission  of  G.  hixifolia^  a  species  discovered  in  Northern  Cali- 
fornia by  Bolander,  and  published  a  year  and  a  half  ago.  If  one 
ort  wo  collaborators  will  now  bring  up  their  arrears,  the  editor  may 
v6ry  soon  have  the  great  satisfaction  of  announcing  the  comple- 
tion of  the  great  Dicotyledonous  series. 

The  incomparable  ilora  Danica  goes  on,  and  the  4'7th  part, 
with  plates  2701  to  2760,  has  come  to  hand.  Among  the  plants 
of  interest  to  us  which  it  contains  is  Pyrus  {Sorbus)  Americana^  our 
Mountain  Ash,  with  the  red  petioles  and  pointed  leaflets,  from 
Greenland. 

In  the  Journal  of  the  Natural  History  Society  of  Copenhagen 
(Vidensk.  MiddeL  Naturhist  Forening  Kjobenhavn)  for  the  year 
1866,  issued  in  1867-8,  Oersted  has  an  elaborate  paper  on  the 
classification  of  Oaks,  with  a  catalo^e  of  all  the  species,  and 
many  illustrations,  both  copperplates  ^f  female  flowers)  and  wood- 
cuts; of  the  latter,  the  cuts  fix>m  impressions  of  the  leaves,  show- 
ing the  venation,  are  peculiarly  excellent.  Being  a  later  version 
of  Quercus  than  that  of  DeCandolle,  and  with  points  of  its  own, 
it  is  commended  to  the  attention  of  Dr.  En^elmann,  who  is  likely 
to  have  most  to  do  with  the  American  species.  To  illustrate  vena- 
tion and  the  nature  of  the  surface  of  foliage,  photography  may  be 
turned  to  good  account,  far  more  than  is  now  commonly  thought 
of  We  have  seen  a  photograph  from  a  specimen  of  one  of  the 
coriaceous-leaved  Oaks  of  the  Dutch  Indies  which  was  truly  won- 
derful in  its  rendering. 

Dr.  Lange,  in  the  same  publication  for  1867  (issued  in  1868),  de- 
scribes the  Pyrolece  and  Monotropece  of  Mexico  and  Central 
America.    Four  of  the  former  group  are  identified  with  United 


Digitized  by  VjOOQ  IC 


126  Scientific  Intelligence. 

States  species;  and  the  fifth,  Pyrola  Idebmanni  of  Lange  may  be 
added,  as  it  is  apparently  undistinguishable  from  one  of  our  West- 
em  forms  which  already  has  several  names,  among  them  P.  hrcuy- 
teata,  Zuccarini's  Monotropa  coccinea  is  described  in  fhll  and  bean- 
tifhlly  figured.  The  lively  red  color,  in  which  it  chiefly  differs 
from  M.  uniflora^  may  not  be  of  specific  importance,  considering 
that  what  we  take  for  M.  Hypopitye  in  the  United  States  is  often 
flesh-color  or  red  in  the  warmer  parts  of  the  country. 

A  far  more  interesting  Monotropeous  plant  has  been  collected 
by  the  French  expedition  to  Mexico,  viz :  Fleuricospora  Gray,  fin 
Proceed.  Am.  Acad.  1867),  with  mature  fruit,  well  showing  tne 
parietal  placentation,  and  the  close-coated  seeds. 

Prof,  ^unge  of  Dorpat  has  brought  out  the  first  part  of  his 
Monograph  of  the  Astragaii  of  the  Old  World.  It  forms  a  fas- 
ciculus of  140  pages,  in  the  current  volume  (11  of  the  7th  series) 
of  the  Memoirs  of  the  St.  Petersburg  Academy  of  Sciences  (1868), 
and  contains  the  Claves  l>iagno%ticcB  of  aU  the  species,  under 
their  subgenera  and  sections.  We  have  a  goodly  number  of 
species  in  this  country,  mainly  beyond  the  Mississippi ;  there  are 
aoout  200  known  in  America, — a  small  matter  compared  with 
those  of  the  Old  World,  of  which  Bunge  here  characterizes  a  little 
short  of  a  thousand  species !  It  is  a  subject  of  congratulation 
that,  thanks  to  the  autnor's  great  carefulness  and  knowledge  there 
is  hardly  any  double  employment  of  specific  names  for  geronitogman 
and  neogcean  species,  it  would  have  been  better  to  have  avoided 
the  use  of  names  for  sections  in  the  same  form  as  those  of  genera 
by  adopting  a  plural  termination  or  some  like  device. 

A  remarkable  parasitic  plant  of  the  Sonora  desert,  indicated  in 
1864  in  Flcmt(B  ThvrberianoB^  but  fully  published  arid  illustrated 
as  much  as  ten  years  later  by  Dr.  Torrey  in  the  AnnaJs  of  the  New 
York  Lyceum^  his  Ammohroma  JSonorcB,  has  recently  been  inves- 
tigated, along  with  its  allies,  by  Count  Solms-Laubach,  a  young 
botanist  of  high  promise,  now  resident  at  Halle.  It  was  thought 
that  the  incomplete  specimen  brought  by  CoL  Gray  and  now 
belonging  to  Dr.  Torrey  was  the  only  one  extant.  But  it  appears 
that  much  better  ones  were  gathered  by  C.  Schukard,  draughtsman 
of  the  party,  and  sent  along  with  a  drawing,  to  Dr.  Behr  of  San 
Francisco,  who  presented  them  to  the  late  Prof  Sdilechtendal  of 
Halle.  Solms-Laubach,  a  former  pupil  of  Schlechtendal,  found  the 
specimens  in  his  herbarium,  also  good  ones  of  Lennoa  madrepo- 
roideSy  and  having  likewise  examined  Kunth's  CoraUophyUum  ccb- 
ruieum^  had  thus  before  him  all  the  known  representatives  of  the 

froup  except  Nuttall's  Pholiemay  which  is  known  in  Europe  only 
^  the  specimen  in  the  Hookerian  Herbarium  which  served  as  the 
original  of  the  figure  in  the  Icones  Pkmtarwn^  and  probably  by 
one  in  Nuttall's  own  herbarium  now  belonging  to  the  British  Mu- 
seum. The  results  are  just  published  in  an  elaborate  memoir: 
"  Die  JFhmilie  der  Lennoaceen^  von  Hermann  Orafen  zu  Solnw- 
Lavbizchy'*  a  separate  issue  from  the  eleventh  volume  of  the  Trans- 
actions of  the  Katural  History  Society  of  HaUe,  bearing  the  date 
of  1870.    The  three  plates  illustrate  in  detail  the  three  plants 
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examined,  viz :  AmmobromaSonor(BToTr,,I/ermoam(idreporoides 
Llav.  &  Lex,  and  JL  coerylea  Solms,  which  is  Kunth's  CoraUophyl- 
kun  coBnUeum,  The  order  Lennoacem  of  Torrey  is  divided  into 
two  sections,  1st,  with  stamens  in  one  rank  and  the  anther-cells  par- 
allel for  PhoUsma  and  Ammobroma^  each  of  a  single  species ;  2nd 
with  the  alternate  stamens  inserted  lower  than  the  rest,  and  the 
anther-cells  contiguous  at  the  apex  but  diverging  below,  for  Lenr 
noOy  of  two  species.  Solms  doubts,  and  with  good  reason,  whether 
Ammobroma  should  not  be  referred  to  Pholuma^  which  would 
leave  two  very  well  defined  genera.  The  difference  in  the  ovule, 
whether  hori»>ntal  or  perpendicular  becomes  of  small  consequence 
when  it  is  seen  that  the  rhaphe  in  the  former  case  is  on  the  lower 
side,  indicating  a  pendulous  ovule.  By  several  pertinent  considera- 
tions Solms  remforces  Dr.  Torrey^s  opinion  that  the  affinities  of 
these  plants  are  with  the  Erical  alliance  and  not  at  all  with  the 
Orobanchecs;  but  the  insertion  of  the  stamens,  even  more  than  the 
structure  of  the  ovary  and  fruit,  forbids  union  with  the  Monotropece. 
That  character  belongs,  however,  to  a  K^eat  part  of  .^^acrideoB, 
and  Solms  shows  us  that  the  structure  oi  the  ovary  is  the  same  as 
in  some  of  the  latter,  and  in  certain  Vaocinece.  The  cells,  as  he 
shows,  are  half  carpels,  each  carpel  being  biovulate  and  divided 
into  two  uniovulate  locelli  by  intrusion  from  the  back,  as  in  Gay- 

Professor  Braun,  continuing  his  study  of  the  Jihtzocarpece  and 
the  like,  published  last  year  a  little  mono^aph  of  the  Australian 
species  oi  Isoetes,  with  a  preface  containmg  general  remarks  on 
tnose  of  Europe  and  North  America.  He  has  also  published  more 
extensively  upon  Charcu^ece;  and  Dr.  Leonhardi,  the  Professor  of 
Philosophy  in  the  University  of  Prague  has  discussed  the  European 
species  m  detail  in  the  Proceedings  of  the  Natural  History  Society 
of  Brunn,  and  in  the  Lotos,  We  have  from  Dr.  Hegelmaier  a 
second  dbsertation  on  CaUitriche^  aided  as  to  the  American  spe- 
cies by  Dr.  Enselmann,  who  placed  the  notes  and  specimens  of  his 
herbarium  at  his  disposal.  He  recognizes  (7.  margincUa  Torr.,  in 
Bolander^s  collection ;  C,  microcarpa^  a  new  species  of  Engelmann 
from  Wright's  Cuban  collection ;  C.  Japonica  of  the  same,  col- 
lected by  Wright  in  Japan;  and  describes  a  new  California  spe- 
cies, C.  BolanSen.  Hegelmaier  has  published  his  Monograph  of 
ZemnacecBy  in  4to,  but  we  have  not  vet  seen  it 

I^o£  Miquel  has  carried  on  the  Annales  of  the  Leyden  herba- 
rium as  &r  as  to  the  fifth  fascicle  of  the  fourth  volume ;  the  papers 
in  the  current  volume  thus  far  relate  almost  wholly  to  the  botany 
of  the  Indian  Archipelago. 

The  seventh  volume  of  Walpers'  Annales  Bot  SystemcUiccB^ 
continued  by  Dr.  C.  Mttller,  gets  on  but  slowly  :*  the  first  and  sec- 
ond fascicles  bear  the  date  of  1866,  and  we  have  only  the  third  for 
1869,  which  oomfes  down  only  to  the  Zygophyttece. 

Dr.  Pritzel's  Iconum  Botanicarum  Index  Locypletissimus^  a 
perfect  model  for  typography  and  arrangement  as  well  as  careful 
editing,  was  supplementea  in  1866  by  a  pars  dUera^  of  nearly  300 
pages,  bringing  down  the  references  to  plates  to  the  end  of  the 
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year  1 866.  The  first  edition  of  the  main  work  has  been  reprinted 
verbatim,  along  with  this  supplement,  instead  of  redigestmg  the 
whole,  which  would  have  been  preferable.  But  it  will  temporarily 
do  very  well  as  it  is,  if  the  editor  will  soon  re-edit  the  whole,  incor- 
porating into  one  alphabetical  order  the  plates  published  down  to 
1870. 

In  the  summer  of  1868  appeared  the  44th,  45th  and  46th  fascicles 
of  Martius'  Flora  Brcunliensis,  comprising  the  ZoranthacecEy  a 
masterly  work  by  Dr.  Eichler;  the  OhaceoB  and  Jasminem  by 
the  same  (the  character  of  Chionanthece  "semina  exalbuminosa'' 
still  kept  up,  though  it  is  not  so  either  in  Chionanthus  Virginica 
itself  or  in  the  original  Linociera  ligustrina  ;  see  Proceed.  Amer. 
Acad.,  5,  p.  331,  etc.) ;  the  Loganiaceoe  by  Progel,  and  the  Styror 
ceoB  by  Seubert.  Since  the  lamented  death  of  Von  Martins,  Dr. 
Eichler  has  brought  out  the  JBalanophorecB  (in  fasc.  47),  with  an 
admirable  investigation  and  illustration  of  the  intimate  structure 
or  anatomy  as  well  as  of  the  floral  characters  and  morphology  of 
this  family,  and  has  clearly  shown  it  to  have  the  ovulation  of  Sanr 
taiUicecB  and  LorantJhacece  (some  of  them  very  exactly  of  the  for- 
mer^, and  to  belong  to  that  alliance. 

Tne  48th  part,  the  ConvolvulacecB  by  Meissner,  has  just  been 
issued,  but  has  not  yet  come  to  hand  feefore  his  death,  Von  Mar- 
tius had  fortunately  completed  such  arrangements  with  the 
Brazilian  Government  on  the  one  hand  and  with  Dr.  Eichler  on  the 
other,  as  to  secure  the  continuance  and  completion  of  this  great 
work,  that  is,  if  it  can  be  done  within  ten  years ;  ind  Dr.  Eichler 
is  pushing  it  forward  vigorously.  He  is  placed  at  disadvantage, 
however,  by  the  seemingly  ill-advised  refusal  of  the  Bavarian 
Government  to  purchase  and  retain  in  Munich  the  library  and 
herbarium  of  the  savant  who  has  done  far  more  than  any  one  else 
for  natural  science  in  Bavaria ;  and  so  the  library  of  Martius  is  to 
be  dispersed  by  auction  next  March ;  and  the  herbarium,  which  his 
will  forbids  the  dispersion  of^  still  awaits  a  purchaser.  A  pamphlet, 
Das  Herbarium  jkartii,  gives  particulars  of  the  contents  of  this 
collection.  It  comprises,  1,  the  general  herbarium,  estimated  to 
contain  about  60,000  species  in  800,000  specimens,  over  half  the 
species  South  American,  especially  Brazilian ;  2,  The  Palm  collec- 
tion, which  ought  to  be  of  very  great  importance ;  3,  A  collection 
of  fruits  and  seeds ;  4,  of  woods ;  6,  a  very  rich  and  well-prepared 
collection  of  drugs  and  economical  products,  the  larger  part  of  which 
was  formed  by  his  brother  Theodore  Martius,  when  Professor  of 
Pharmacy  at  Erlangeiu  Here  is  an  unusual  opportunity  for  some 
American  University. 

We  have  received  a  second  edition  (1864)  of  an  Atlas  des  Pftan- 
zengeographie^  by  L.  Rudolph  of  Berlin,  (published  by  Nicolas),* 
intended  for  schools,  Ac.  It  is  well  done,  and  if  in  English  would 
answer  an  excellent  purpose  in  our  higher  schools,  or  wherever 
Botany  and  Physical  Geography  are  taught.  It  is  strictly  an 
Atlas,  of  nine  folio  plates  or  maps,  charged  with  details,  which 

*  Reoeived  fVom  E.  Steigeri  (German  bookseller,  Frankfort  St  New  York,  along 
with  a  copy  of  Pritzel*8  Index  (mentioned  oa  the  preceding  pag%) 
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are  printed  partly  in  colors,  and  with  descriptive  letter-press  on 
the  reverse.  The  centennial  anniversary  of  the  founder  of  Plant- 
geography  should  awake  new  interest,  and  give  increased  popu- 
hrity  to  the  subject. 

The  new  President  of  the  ancient  Imperial  Academy  Naturae 
Cnriosorum,  succeeding  Cams,  is  Professor  Behn  of  Hamburgh. 

An  interesting  bit  of  botanical  literature,  is  Pursh's  Journal 
of  a  Botanical  JExcursion  in  the  Northeastern  parts  of  PennsyU 
vania  and  New  Tork^  dwrin^  the  year  1807.  Dr.  Thomas  P. 
James  found  the  manuscript  journal  of  Pursh  with  some  other 
papers  accompanying  the  herbarium  of  Dr.  B.  S.  Barton,  in  the 
possession  of  the  j'^erican  Philosophical  Society,  and  had  it 
printed  in  successive  numbers  of  Meehan's  Gardener*s  Monthty^ 
m)m  which  it  is  now  collected  in  the  form  of  a  little  volume  of 
eighty-seven  pages.  It  will  be  remembered  that  this  journal  con- 
tams  Pursh's  notes  made  at  the  time  of  his  discovery  of  Scolopen- 
dnwn^  and  the  station  is  indicated  with  sufficient  precision  to  be 
determined,  as  was  done;  we  believe,  by  Mr.  Paine.  If  the  Fern 
no  longer  exists  at  that  very  station,  we  know  of  it  at  three  or  four 
neighboring  localities.  Pursh's  quaint  and  simple  narrative  of  his 
wanderings  and  hardships  is  well  worth  perusal. 

The  Botanical  Necrology  for  the  year  1869,  may  happily  be  di»- 
missed  in  few  worda 

Antonio  Bertcloniy  the  most  venerable  botanist  of  our  day,  who 
has  occupied  the  chair  of  botanv  in  the  ancient  university  of 
Bologna  for  considerably  more  than  half  a  century,  died,  in  the 
fhll  possession  of  his  mental  powers,  on  the  1 7th  of  April,  shortly 
after  the  completion  of  his  ninety-fourth  year.  The  very  next  day 
died  the  equally  distinguished  professor  of  the  sister  University  of 
Turin,  Oiitseppe  Moris^  in  the  seventy-third  year  of  his  age.  At 
Prague  on  the  28th  of  July,  died  the  professor  of  Physiology,  J,  JE 
Puncinjej  at  the  age  of  eighty-two.  He  was  known  in  botanv  as 
the  anthor  of  a  neat  littte  treatise,  "  Be  ceUulis  antherarum  Jwro- 
ns^  etc.  A.  G. 

2.  Recent  Explorations  of  the  Beep-sea  Faunm;  by  A.  K 
Vkbbill, — A  new  era  in  the  history  of  marine  zodlogy  may  be 
said  to  have  conmienced  in  1860,  Vhen  Dr.  Wallich  obtained  a 
number  of  Worms,  Crustacea,  Bryozoa,  and  Echinoderms  at  depths 
varying  from  445  to  1913  fathoms, 'and  from  these  observations 
inferred  that  the  deep-sea  had  its  own  peculiar  fauna,  at  depths 
far  greater  than  life  nad  previously  been  supposed  to  exist,  unless 
m  the  lowest  forms,  such  as  the  Rhizopods  ootained  from  sound- 
mgs  and  described  bv  Bailey  and  others.  This  inference  was  at 
once  confirmed  by  the  observation  of  A.  Milne-Edwards,  who  in 
1861  reported  a  number  of  living  moUusca  and  corals,  found 
adhering  to  the  telegraph  cable  between  Algiers  and  Sardinia, 
when  tsiken  up  for  repairs,  on  portions  that  had  been  sunk  to 
depths  of  1093  to  1577  fathoms.  Some  of  these  were  new,  others 
were  known  only  as  Tertiary  fossils.   In  the  same  year  the  Swedish 

Ax.  JouB.  ScL— Second  Sbbibs.  Vol.  XLIX,  No.  145.— Jan.,  1870. 
9 


Digitized  by  VjOOQ  IC 


180  Scientific  Intelligence, 
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expedition  to  Spitzbergen  obtained  Tunicates,  a  Zo5phyte,  a  Crus- 
tacean, and  a  bivalve-shell  from  1400  fathoms.  Later,  G.  O.  Sars 
has  made  extensive  explorations  by  means  of  the  dredge  at  the 
Lofoden  Islands,  and  on  the  Scandinavian  coast  in  depths  of  200 
to  300  fathoms,  and  in  some  cases  down  to  460  fathoms.  Pro£ 
Sars  reports,*  as  the  result  of  his  son's  explorations,  427  species  of 
animals  living  between  200  and  450  fathoms,  and  representing 
most  of  the  marine  classes :  Rhizopods  68  ;  Sponges  5 ;  Polyps  20 ; 
Hydroids  2  ;  Crinoids  2  ;  Ophiurians  14  ;  Asterians  7 ;  Echinoids 
5;  Holothurians  8;  Gephyrea  6;  Annelids  61;  Crustacea  106; 
Polyzoa  36;  Tunicates  4;  Brachiopods  4;  Conchifers  37;  Gas- 
teropods  53.  He  also  records  9  fishes  living  at  thftse  depths.  Of 
the  whole  number  42  were  found  at  450  fathoms,  and  46 
were  confined  to  the  region  below  200  fathoms,  while  most 
of  the  others  extend  upwards  to  quite  shallow  waters.  Among 
the  many  remarkable  new  forms  the  Rhizocrinus  Lofotensis 
Sars  is  especially  notable,  and  has  been  the  subject  of  an 
admirable  memoir  by  Pro£  Sars.f  It  Is  remarkable  as  giving 
us  a  new  living  type  of  attached  Crinoidea,  belonging  to  a  family 
most  characteristic  of  the  Jurassic  formations,  and  is  of  especial 
interest  in  this  connection,  as  it  has  also  been  found  since  at  seve- 
ral other  very  remote  localities,  even  as  far  south  as  Florida,  at 
similar  depths.  In  1867  the  Superintendent  of  the  XJ.  S.  Coast 
Survey  undertook  an  extensive  exploration  of  the  Gulf  Stream, 
which  has  already  yielded  most  important  results  in  deep-sea 
zo5logy.  The  dredging,  under  the  charge  of  L.  F.  de  Pourtales 
has  been  carried  on  during  three  past  seasons,  between  Florida  and 
Cuba,  from  the  shallow  waters  of  the  shore  to  the  deepest  waters 
of  the  mid-channel,  which  seldom  exceeds  660  fathoms,  the  dredg- 
ings  not  having  gone  beyond  700  fathoms.  From  these  explora- 
tions large  and  most  remarkable  collections  have  been  obtained, 
embracing  numerous  representatives  of  nearly  all  classes  of  marine 
animals.  A  part  of  these  have  been  described  in  the  Bulletin  of 
the  ^Museum  of  Comparative  Zo5logy,J  but  the  Crustacea,  Worms, 

*  Yidenskabs  Selskabs,  Fdrhandlingar,  1867,  pp.  246  to  275 ;  and  Annals  and 
Magazino  Nat  History,  vol.  3,  p.  423,  June,  3  869. 

J  See  this  Journal,  xlviii,  p.  142. 
No.  6. — Cont/ribuUona  to  the  Fauna  of  the  Gulf  Stream  at  great  depths.    By  L. 
F.  DB  PoxmxALES,  Assistant  U.  S.  Coast  Survey,  December,  1867.    Contains  de- 
scriptions of  Worms,  Polyzoa,  Brachiopods,  Halcyonoids,  Corals,  Hydroids,  and 
Crinoids 

No.  7. — Same  title,  Dec  1868.  Contains  general  accoimt  of  dredgings,  with 
descriptions  of  Brachiopods,  Crinoids,  Holothurians,  Corals. 

No.  9. — Preliminary  Report  on  the  Echini  and  Star-fish^a  dredged  in  deep  water 
between  Cuba  and  the  Florida  Beef  by  L  F.  de  Pourtales  ;  prepared  by  Alexander 
AoASSiz,  October,  1869.  Contains  descriptions  and  tables  of  distribution  of  the 
Echini;  descriptions  of  the  young  of  Echini  and  their  development;  and  a  list  of 
the  star-fishes. 

No.  10. — Preliminary  Report  on  the  Ophiurid(R  and  Astrophytdae.  dredged  wi 
deep  water  between  Cuba  and  the  Florida  Reef  by  L.  F.  de  Pourtalks;  pre})ared 
by  Theodore  Lyman,  November,  1869.  Contains:  I,  General  remarks  and  tables 
of  distribution;  n,  Descriptions  of  new  genera  and  species,  with  Critical  Remarks. 
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part  of  the  corals,  and  most  of  the  MoUusca  are  still  undesciibed. 
Enough  has  been  done,  however,  to  reveal  a  wonderfully  rioh 
fauna  and  make  us  look  for  still  greater  discoveries  in  the 
future. 

Another  exploration,*  which  has  yielded  some  of  the  most  im- 
portant results,  was  undertaken  in  1868,  by  Dr.  W.  B.  Carpenter 
and  Dr.  Wyville  Thomson  to  explore  the  region  between  Scotland 
and  the  Faroe  Islands.  They  were  furnished  with  a  Government 
vessel,  fitted  for  the  purpose,  but  owing  to  very  bad  weather  could 
use  the  dredge  only  nme  days  during  the  cruise  of  six  weeks. 
They  obtained,  however,  quite  a  variety  of  animals  at  from  400  to 
650  fathoms,  including  the  Mhizocrirvus  Lofotensis  and  a  remark- 
able variety  of  vitreous  sponges,  which  seem  to  be  very  character- 
istic of  the  deep-sea  fauna.  But  their  observations  upon  the  tem- 
perature at  great  depths  are  of  the  greatest  importance.  An 
extensive  area  was  discovered  between  the  Faroe  and  Orkney 
Islands,  where  the  minimum  temperature  in  460  to  660  fathoms 
was  from  32°  to  33j°.  This  region  was  characterized  by  an  arctic 
assemblage  of  animals  and  a  sandy  and  stony  bottom.  South 
and  west  from  this  "  cold  area,"  and  extending  far  to  the  west  of 
the  Faroe  Islands,  was  a  warm  area  where  the  minimum  tempera- 
ture at  450  to  660  fathoms  was  46°  to  49°,  the  surface  temperature 
being  52°  to  64^°,  while  over  the  "  cold  area  "  the  surface  tempera- 
ture was  nearly  the  same,  60°  to  62°.  The  warm  area  was  charac- 
terized by  a  bottom  of  sofr  mud,  composed  chiefly  of  the  shells  of 
OlohigerifKE^  ^^  coccolithSj^  ^^  coccospheres^^  and  other  forms  of 
Protozoa.  Living  upon  this  bottom  were  various  vitreous  sponges, 
allied  to  Hyalonema^  and  living  like  it  with  their  long,  slender 
siliceous  spicules  buried  in  the  mud  like  rootlets,  and  several 
Annelids^  jRhizocrinits^  ITophobelemnon,  Terebratula^  Lophohelia 
proUferaj  etc.  The  character  of  the  bottom  and  its  fauna  strik- 
ingly recalled  the  chalk  of  the  Cretaceous  period,  and  the  authors 
of  these  discoveries  claim  that  ths  chalk  formation  has  been  con- 
tinuous since  the  Cretaceous,  and  is  stiU  forming  in  the  depths  of 
the  Atlantic.  Another  expedition  was  undertaken  during  the 
past  season  by  the  same  parties,  but  we  have  seen  no  statement  of 
the  results,  except  that  Bucoinum  undatum  was  di'edged  living  in 

No.  11. — List  of  the  Orinoids  obUiined  on  the  coasts  of  Florida  and  Ctiba,  by 
the  United  States  Coast  Survey  OuLf  Stream  EaDpeditions,  in  1867,  1868,  1869. 
By  L.  F.  DB  PouBTALES.  Contains  descriptions  of  eight  species  of  Crinoids  (six  of 
Antedon),  with  a  table  showing  their  distribution. 

No.  12. — List  of  EolothuridcB  from  the  Deep-sea  dredgings  of  the  U.  S.  Coast 
Survey,  By  L.  P.  db  Pouetales.  Contains  six  species,  three  of  which  (Echinocu- 
cumda  typica,  CucumanafrondasOf  Molpadia  borealis)  are  referred  to  north  European 
species,  smd  two  others  are  regarded  as  possibly  identical. 

No.  13. — Report  upon  Deep-sea  Dredgings  in  the  Gu^  Stream^  during  &ie  Third 
Cruise  of  the  U.  &  Steamer  Bibb,  addressed  to  Peofessob  Benjamin  Pbibce,  Su-  ■ 
peiintendent  U.  S.  Coast  Survey,  by  Louis  Aoassiz,  November,  1869.  Contains 
a  general  account  of  the  work  done  and  its  results,  together  with  an  account  of  the 
rock  formations  now  being  deposited  in  that  region,  also  observations  on  the  young 
stages  and  mode  of  growtti  of  several  genera  of  corals,  etc 

♦  Proceedings  of  the  Royal  Society,  vol.  xvii,  p.  168,  December,  1868 ;  and 
Annals  and  Mag.  Natural  HiBtory,  vol  4,  p.  112,  August,  ^869. 
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1,800  fethoms,*  Dr.  E.  Perceval  Wright  also  made  an  exploration 
30  miles  off  Setuval,  Portuffal,  in  search  of  Hyalonema^  which  he 
dredged  in  450  fathoms,  and  first  ascertained  its  true  mode  of  life.t 
From  the  same  region  he  and  Dr.  Gray  have  described  three 
species  of  Halcyonoid  corals.  By  the  same  expedition  a  shark 
and  a  small  fish  were  caught  at  the  same  depth.  The  recent 
Swedish  expedition  to  Spitzbergen  also  made  important  discoveries, 
of  which  we  have  not  yet  seen  fiill  reports.^  Dr.  Smitt  and  Mr. 
Ljun^man  on  the  crmse  of  the  Swedish  frigate  "Josephine," 
which  visited  the  United  States  last  summer,  dredged  some  in- 
teresting animals  on  the  newly  discovered  "Josephine  Bank," 
between  Lisbon  and  the  Azores,  in  11 7  fathoms ;  among  them  are 
^MomyceB  fnUectosua  Lyman,  Pteraster  militarise  Mhizocrimia 
lA>fotensis  Sars,  and  Echinocucumia  typica  Sars,  all  of  which  have 
been  found  also  off  Florida  by  Pourtales.§ 

These  discoveries  have  very  important  bearings  upon  Geological 
science  and  Physical  Geography,  as  well  as  Zodlogy,  and  will 
cause  important  changes  m  many  generally  accepted  theories. 
The  following  are  some  of  the  results  already  made  out : 
■^  1.  It  is  certain  that  animal  life  does  not  begin  to  diminish  sen- 
sibly at  100  fathoms  and  nearly  disappear  at  300  fathoms,  as  sup- 
posed by  Forbes  and  generally  believed  previous  to  these  late 
mvestieations.  It  is  equally  certain  that  the  greatest  depths  yet 
reached  with  the  dredge  have  an  abundant  and  diversified  fauna, 
with  representatives  of  most  classes  of  marine  animals.  The  deep- 
sea  animals  are  in  part  new  and  peculiar  to  great  depths ;  in  part 
found  also  in  shallower  waters ;  m  part  previously  known  as  Ter- 
tiary or  Cretaceous  fossils. 

2.  It  follows  that  abundance  of  fossils  in  a  geological  formation 
is  not,  of  itself,  evidence  of  shallow-water  origin. 

3.  It  is  certain  that  bright  colored  anunals  are  found  at  the 
greatest  depths  yet  explored,  and  although  uniform  red  and  white 
are  the  most  common  colors  among  deep-eea  animals,  yet  examples 
of  nearly  all  the  other  colors  have  been  observed,  among  Protozoa, 
Radiata,  Mollusca,  and  Articulates,)  as  in  fact  we  might  have  an- 

*  American  Naturalist,  voL  3,  p.  383,  Sept,  1869.  Sinoe  this  artiole  has  been 
put  in  type  I  have  had  the  pleasure  of  reading  the  preliminary  reports  of  this 
most  important  expedition,  by  Mr,  J.  Gwyn  Jeffieys,  in  "Nature,"  pages  135  and 
166,  Deo.,  1869.  The  explorations  on  the  Atlantic  coast  of  Ireland  by  Mr.  Jef- 
fireys,  extended  down  to  ^e  depth  of  1476  fathoms,  revealing  a  dlversifled  fauna  of 
an  arctic  character  at  all  depths.  Prof  W.  Thomson  conducted  the  explorations  in 
the  nor^em  part  of  the  Bay  of  Biscay,  where  the  dredgings  reached  2435  fath- 
oms, with  exoeUent  results.  Dr.  Carpenter  took  charge  of  the  additional  explora- 
tions north  of  Scotland.  The  results  of  this  expedition  are  of  great  interest  and 
Ibe  new  discoveries  very  numerous.  It  added  117  species  of  moUusca  to  the  451 
previously  regarded  as  belonging  to  the  British  fauna  Of  these  56  are  new  to 
science.  The  mollusca  obtained  in  2436  fathoms  are  Pectm  feneatraiiM  (Mediter- 
ranean), Dacrydkim  vUreum  (Arctic),  Sorobieularia  niiida  (Finmaik  to  Sidiy),  Nbo- 
ra  (new),  DerUoHum  (new). 

•f  Annals  and  Magazine. of  Nat  Hist,  Oct,  1868. 

^  The  Swedish  expedition  of  1868  obtained  in  soundings  a  Owma  and  a  frag- 
ment of  Astorte  fh)m  2600  fathoms. 

f  Bulletin  Mu&  Comp.  Zo6l,  pp.  347  and  357. 
See  the  remarks  of  "E^t  Sara  on  this  su^eot  in  the  work  quoted  above. 
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ticipated  from  the  fact  that  many  burrowing  annelids,  ornstacea, 
and  shells,  which  are  rarely  if  ever  exposed  to  the  light,  are  bril- 
liantly colored. 

Therefore  the  presence  of  color-markings  on  fossil  shells  is  not 
an  evidence  of  their  shallow-water  origin,  as  believed  by  Forbes 
and  others.  The  finely  colored  specimens  of  VohUa  Junonia^ 
dredged  living  by  Pourtales  in  360  fathoms,  are  a  sufficient  refu- 
tation of  this  theory. 

4.  Prof.  Sars  mentions  several  species  of  deep-sea  Crustacea  hav- 
ing perfectly  developed  eyes,  showing  that  light  penetrates  to  far 
greater  depths  than  is  commonly  supposed.*  But  the  decrease 
of  sea-weeds  and  their  almost  complete  disappearance  at  about  100 
fathoms  may  perhaps  be  due  to  the  diminution  or  modification  of 
the  light 

5.  ITie  generally  received  theory  that  the  temperature  of  the 
water  at  great  depths  is  everywhere  the  same,  in  all  latitudes,  viz : 
that  at  which  sea-water  has  its  greatest  density,  formerly  said  by 
Herschel  and  others  to  be  39°,  but  more  recently  shown  to  be  that 
of  the  freezing  point  of  sea-water  (26°*4  to  27°'4  Fahr.),  is  not  true, 
at  least  for  depths  down  to  700  fathoms,  as  shown  by  the  observa- 
tions of  Thomson  and  Carpenter. 

6.  The  same  observers  have  satisfactorily  shown  that  temperature 
is  the  main  agent  in  determining  the  distribution  of  deep-sea  ani- 
mals, which  had  been  previously  shown  to  be  the  case  among 
shallow-water  forms,  and  that  mere  depth  or  pressure  has  little  or 
no  infiuence  directly.  But  the  chemical  composition  of  the  water 
fas  the  amount  of  oxygen)  a  ad  the  character  of  the  bottom  doubt- 
less have  their  influence. 

7.  The  last  observation  is  connected  with  the  discovery  of  two 
contiguous,  but  distinct,  deep-sea  faunae,  living  side  by  side  at 
similar  depths  (400  to  600  fathoms) ;  one  eminently  arctic  in 
character,  occuj)ying  the  "cold  area"  on  a  sandy  and  stony  bottom ; 
the  other  simihar  to  that  of  the  region  between  Florida  and  Cuba, 
and  occupying  the  "  warm  area,"  with  a  bottom  of  calcareous  in- 
fusorial mud.  The  last  fauna,  or  at  least  some  of  its  species,  ex- 
tends over  a  region  of  vast  extent,  both  in  latitude  and  longitude, 
some  of  the  species  ranging  from  Florida  to  within  the  Arctic 
Circle,  and  on  both  sides  of  the  Atlantic. 

8.  The  discovery  of  species,  genera,  families,  and  even  sub-orders, 
supposed  to  have  become  extinct,  leads  us  to  expect  that  other  lost 
forms  may  still  have  living  representatives  in  the  vast  unexplored 
regions  of  the  ocean. f  Among  the  remarkable  discoveries,  may 
be  mentioned  the  Rhizocrinus ;  the  HaplophyUia  paradoxa  Pourt., 
a  living  representative  of  the  "  Rugosa  "  group  of  corals,  supposed 

*  Other  remaricable  instances  are  mentioned  by  Jeffreys:  as  Lacuna  tenella  and 
a  stalk-eyed  crab  from  808  fathoms;  Trochus  minuHssimus  Mighels  and  Ampelisca 
from  1230  fathoms;  a  stalk-eyed  crustacean  from  1476  fathoms;  a  large  new  Fu- 
mu  from  1207  fathoms;  a  Fleurotoma  from  2090  fathoms;  and  Octopus  cocco  from 
632  fathoms,  all  of  which  are  said  to  have  well  developed  eyes. 

f  The  Porcupine  expedition  obtained  a  number  of  species  of  shells  previously 
known  only  from  the  Tertiary  (Coralline  Crag  and  Red  Crag). 
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not  to  have  lived  since  the  Carboniferous  period;  various  new 
forms  of  sea-urchins,  described  by  A.  Agassiz,  having  their  nearest 
allies  in  the  Cretaceous,  etc.  The  discovery  of  the  living  Cys- 
tidean  noticed  in  the  last  number  of  this  Journal  is  another  fact 
of  the  same  kind,  and  so  remarkable  that  it  mav  not  seem  unrea- 
sonable to  anticipate  hereafter  the  discovery  of  living  Ammonites 
and  Trilobites. 

9.  These  investigations  have  thrown  great  light  upon  the  mode 
of  deposition  of  certain  geological  formations,  especially  the  chalk, 
and  at  the  same  time  illustrate  the  manner  in  which,  under  the  in- 
fluence of  currents  of  different  temperatures,  a  chalk  and  a  sand- 
stone, with  entirely  distinct  faunae,  may  be  deposited  side  by  side 
at  the  same  depth  and,  supposing  the  currents  to  be  modified,  how 
the  two  might  alternate,  thus  accounting  for  the  extinction  of  faunae 
and  the  re-appearance  of  "  colonies,"  as  noticed  by  Barrande. 

1 0.  Dr.  Carpenter  and  Thomson  claim  that  the  chalk  formation 
now  depositing  in  the  deep  Atlantic  is  a  direct  continuation  of  the 
chalk  formation  of  the  Cretaceous  period,  some  of  the  living  spe- 
cies being  regarded  as  identical  with  Cretaceous  fossils,  while 
others,  closely  allied  to  fossil  forms,  are  supposed  to  have  been  mod- 
ified during  the  lapse  of  time  by  "  natural  selection,"  or  in  some 
other  way. 

3.  CcUalogue  of  the  Mammals  of  Massachicsetts  ;  with  a  Criti- 
cal Revision  of  the  Species;  by  J.  A.  Allen.  Bulletin  of  the  Mu- 
seum of  Comp.  Zoology,  No.  8.  Cambridge,  October,  1869. — This 
includes  not  only  a  list  of  the  species,  with  their  principal  syiionyms, 
but  also  valuable  information  concerning  their  distribution,  and 
their  relations  with  the  species  of  the  old  world.  Mr.  Allen  admits 
much  greater  variations  in  the  species  of  mammals  than  most  mod- 
em writers,  and  shows  that  this  variation  is  often  as  great  in  speci- 
mens from  different  parts  of  North  America  as  between  specimens 
from  the  two  continents.  Consequently  he  has  regarded  many  of 
our  mammals  as  identical  with  those  of  Europe  and  Asia.  Among 
these  are  the  black  bear,  common  wolf,  red  fox,  two  weasels,  mink, 
sable,  beaver,  moose,  and  reindeer.  In  some  cases,  however,  he 
has  probably  gone  altogether  too  far  in  uniting  species ;  as  in  con- 
sidering the  black-bear,  the  grizzly-bear,  the  barren  ground  bear, 
and  the  European  bear  all  one  species ;  and  in  his  treatment  of 
the  genus  Blarina.  He  has  also  overlooked  a  specimen  of  Near 
sorex palustris  vn  t\iQ 'Mw^evcm^  from  Norway,  Me.,  described  by 
me  in  the  Proc.  Boston  Society  of  Natural  History.  v. 

IV.    ASTRONOMY. 

1.  Report  on  the  Recent  Eclipse  of  the  Sun  ;  issued  under  the 
direction  of  the  Superintendent  of  the  Naval  Observatory. — 
This  handsome  volimie  of  more  than  200  pages  has  appeared 
first  of  any  of  the  reports  of  the  government  expeditions,  only 
detached  portions  of  those  of  the  Nautical  Almanac  and  Coast 
Survey  having  yet  been  published.     Commodore   B.   F.  Sands, 
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Supt  of  the  Naval  Observatory,  took  early  measures  to  secure 
thorough  observations,  and  assigned  four  of  the  five  professors 
and  two  of  the  other  astronomers  at  that  institution,  to  the  duty 
of  observing  the  eclipse.  In  pursuance  of  the  plans  Prof.  Hall 
and  Mr.  Rogers  repaired-  to  rlover  Bay,  on  the  Asian  shore  of 
Behring's  8traits,Profes6ors  Xewcomb,  Harkness  and  Eastman  estab- 
lished themselves  at  Des  M^oines  in  Iowa,  and  Mr.  Bard  well  went 
to  Bristol,  Penn.  The  War  Department  lent,  its  assistance  by 
detailing  Dr.  Curtis  of  the  Army  Medical  Museum,  who  has  won 
deserved  distinction  by  his  success  in  micio-photography,  and  who 
accompanied  the  Des  Moines  party.  The  volume  contains  reports 
from  each  of  these  gentlemen,  and  to  these  are  added  others  from 
Mr.  J.  H.  Lane,  of  Washington,  from  3Ir.  W.  S.  Gilman,  Jr.,  of 
N.  Y.,  a  lover  of  astronomy  who  has  given  special  attention  to 
solar  observations,  and  from  Gen.  A.  J.  ilyer,  chief  signal  officer 
of  the  array,  who  witnessed  the  eclipse  from  the  summit  of  a  moun- 
tain in  Southwestern  Virginia,-— these  with  the  prefatory  intro- 
duction of  Commodore  Sands  composing  the  work  now  issued, 
which  is  copiously  illustrated  with  cuts  and  engravings. 

Prof  Newcomb's  point  of  observation  was  near  the  Court-house 
in  Des  Moines,  latitude  41°  35'  4',  on  long.  P'  0'"  17'*0  west  from 
Washington.  Following  out  the  ideas  previously  sucjgested  by 
him  in  this  Journal,  he  affixed  circular  screens  of  different  di- 
ameters to  a  horizontal  aim,  projecting  from  the  gable  end  of  the 
Court-house,  so  as  to  occult  the  sun  for  his  points  of  observation  ;  the 
largest  being  intended  to  hide  the  corona  from  the  field  of  his  4-iiich 
comet-seeker.  Ailer  a  sharp  determination  of  the  first  contact  with 
a  power  of  40,  in  this  instrument,  and  an  aperture  reduced  to  one 
inch,  he  carefully  pointed  an  8-inch  telescope,  roughly  mounted  for 
the  occasion,  and  the  comet-seeker,  to  the  sun  at  known  moments; 
thus  fixing  their  positions  for  the  purpose  of  mapping  the  places 
of  any  objects  which  the  totality  might  disclose  in  either  field  of 
view,  after  which  he  designed  moving  the  telescopes  into  other 
positions,  and  counting  any  objects  which  might  there  be  visible. 
Then  retiring  into  a  dark  place,  he  awaited  the  total  phase. 

The  corona  appeared  less  bright  than  he  had  anticipated,  and 
careful  scrutiny  along  the  ecliptic  showed  not  the  faintest  trace  of 
any  flush  of  light  extending  beyond  the  rest  in  that  direction. 
Nothing  was  visible  in  either  of  the  two  telescopes,  nor  did  a 
sweep  near  the  ecliptic  with  the  comet-seeker  disclose  any  object 
whatsoever.  This  important  question  being  thus  answered,  and 
the  visibility  of  any  inferior  planet  or  group  capable  of  accounting 
for  the  motion  of  the  perihelion  of  Mercury  being  made  highly 
improbable,  Prof  Newcomb  proceeded  to  the  study  of  the  corona, 
with  and  without  the  aid  of  the  comet-seeker.  The  great  protu- 
berance in  the  S.W.  quadrant  seemed  to  him  strongly  pink,  not 
uniform  in  structure,  nor  at  all  resembling  a  flame,  but  like  a  huge 
pile  of  cumulus  clouds,  illuminated  by  white  and  red  light.  He 
was  able  to  trace  the  corona  with  his  naked  eye  only  to  a  distance 
equal  to  the  moon's  semidiameter  and  he  saw  no  long  rays  of  light, 
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but  a  jagged  and  serrated  edge.  The  sky  at  Des  Moines  was  how- 
ever quite  hazy.  But  seen  through  a  green  glass  the  corona 
seemed  composed  of  four  or  five  prominent  portions,  smooth  in 
outline,  shading  away  imperceptibly,  and  in  no  case  exceeding  ^' 
in  height  He  regards  the  serrated  appearance  and  the  pointed 
rays  as  subjective  phenomena.  The  moment  of  end  of  totality 
was  noted  with  the  naked  eye,  and  the  last  contact  with  the 
comet-seeker,  as  before.  Comparing  his  observations  with  the 
computed  times,  he  finds  the  contacts  to  have  occurred  later  than 
predicted  by  12''*5  for  the  first,  10"-4  for  the  third,  and  7*'8  for  the 
last ;  whence  he  infers 

Peirce's    J)  —  Hansen's  0  is  too  great  by  5"*3, 
whereas,     Hansen's  J) —  LeVerrier's  0  is  too  great  by  2  7. 

Prof.  Harkness  constructed  a  building  for  himself.  Prof.  Eastman 
and  Dr.  Curtis  at  another  point  in  tne  city  of  Des  Moines,  and 
determined  his  position  as  latitude  41  **  36'  35^'*9,  long.  1^  6"  16»  -06 
"W.  from  Washmgton,  by  means  of  observations  which  are  repro- 
duced with  great  fiillness  of  detail  At  the  beginning  and  end 
of  the  eclipse  he  was  engaged  with  Dr.  Curtis  in  taking  photo- 
graphs, upon  which  he  had  decided  to  rely  for  the  times  of  first 
and  last  contact ;  but  during  the  totality  he  devoted  himself  en- 
tirely to  the  spectroscope.  W ith  this  he  obtained,  from  a  very  bright 
part  of  the  corona  in  the  long  beam  to  the  southward,  a  continuous 
spectrum  without  absorption  lines,  but  with  a  single  bright  line  at 
1497  of  KirchhoflTs  scale.  From  the  great  protuberance  at  240** 
he  obtained  the  lines  C  and  F,  that  near  D,  and  three  others,  two 
of  which  were  b  and  the  well-known  third  hydrogen  line.  The 
remaining  one  was  that  which  he  saw  in  the  corona,  and  in  all  the 
protuberances  without  exception,  and  recorded  as  corresponding 
to  K.  1497.  It  must  we  think  have  been  K.  1474,  which  was 
recognized  by  so  many  other  observers  and  which  Lockyer  and 
Young  have  always  found  in  the  chromosphere.  The  moderate 
dispersive  power  of  Prof.  Harkness's  spectroscope  would,  as  he 
states,  render  it  diflicult  for  him  to  discriminate  with  it  between 
near  lines. 

Prof.  Eastman's  report  contains  the  results  of  meteorological 
and  photometric  observations  (which  during  the  two  days  preced- 
ing tne  eclipse  must  have  been  far  from  encouraging),  of  observa- 
tions of  the  contacts  and  of  the  corona.  Of  this  and  the  appear- 
ances of  the  protuberances  to  him,  he  has  given  two  colored 
engravings.  In  each  the  same  outline  serves  for  the  corona ;  and 
indeed  he  expressly  states  that  he  **  could  not  detect  the  least 
change  in  the  color  or  position  of  the  rays  during  totality." 
Beside  these  labors  he  assisted  Prof  Harkness  during  the  totality, 
by  directing  the  spectroscope.  Amid  so  many  avocations  it  is  sur- 
prising that  Prof  Eastman  could  have  accomplished  so  much,  and 
that  so  well  We  cannot  avoid  the  conviction  that  had  he  been 
master  of  his  own  time  during  the  total  phase,  he  would  not  have 
failed  to  detect  the  decided  fluctuations  of  form  which  the  corona 
exhibited  to  more  than  one  observer  at  Burlington.  Like  Pro£ 
Newcomb,  he  found  the  color  of  the  protuberances  strongly  red» 
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Dr.  Curtds's  report  relates  to  the  photographic  operations  which 
are  described  with  very  great  minuteness.  To  those  familiar  with 
the  exquisite  photographs  which  he  has  made  at  the  Army  Med. 
Moseom,  it  is  needless  to  say  that  his  preparations  were  evidently 
made  with  great  forethought,  and  that  abundant  skill  was  dis- 
played. A  naze  which  veiled  the  sky,  rendered  a  much  larger 
exposure  requisite  than  would  otherwise  have  been  given,  but  the 
photographs  are  of  hjgh  excellence.  The  two  taken  during  totality 
are  given  in  engraved  representations,  impressions  from  the  origi- 
nals accompanying.  These  are  very  fine,  rivaling  those  of  the 
Burlington  and  Ottumwa  parties.  For  the  first,  the  exposure  was 
66  seconds ;  but  details  of  the  protuberances  are  beautifully  shown, 
which  would  not  have  borne  an  exposure  of  one-third  that  length  in 
a  transparent  atmosphere.  Even  the  lunar  motion  seems  scarcely 
to  have  interfered  with  the  definiteness  of  the  image. 

It  is  to  be  regretted  that  a  national  enterprise  carried  out  at  the 
public  expense  should  ever  be  made  an  agency  for  personal  pole- 
mics, which  indeed  seem  peculiarly  out  of  place  when  ajmed  at 
any  private  citizen  of  the  same  nation,  since  he  is  theoretically 
one  of  those  in  whose  behalf  the  investigation  has  been  made. 
The  greater  part  of  one  of  the  quarto  pages  is  occupied  by  a  note 
in  fine  print  m  which  Dr.  Gould  is  rather  sharply  assailed  for  his 
views  as  given  on  p.  485  of  our  last  number.  This  is  no  place  for 
any  maintenance  of  those  views,  but  two  paragraphs  deserve  a  word 
of  comment 

*'  Dr.  Gould  adduces,  as  an  additional  argument  in  favor  of  his  assumption,  the 
observation  that  the  long  coronal  beams  appeared  to  him  to  be  "  variable,"  while 
the  *'  aureole  "  photographed  was  evidently  "  constant "  during  the  time  of  totality. 
This  argument  however  loses  some  of  its  force  when  it  is  remembered  that  to 
other  observers  the  corona  appeared  to  the  eye  absolutely  unchangeable  both  in 
form  and  position  during  the  whole  period  of  the  total  obscuration." 

We  are  far  from  attributing  to  Dr.  Curtis  any  intention  of  giv- 
ing his  language  the  discourteous  significance  which  some  might 
inter,  otherwise  no  rejoinder  could  be  possible.  But  we  would 
suggest  that  special  observations  devoted  to  a  particular  point 
should  prima  facie  outweigh  general  negative  impressions.  In 
the  present  case,  if  Dr.  Gould's  evidence  be  regarded  as  for  any 
reason  incompetent,  there  happens  to  be  corroboration  of  his  state- 
ment by  other  gentlemen  whose  attention  he  called  to  this  point. 
And  there  is  in  addition  the  reasonable  certainty  that  less  than  a 
twelvemonth  will  decide  the  question  definitely,  since  attention 
will  doubtless  be  specially  directed  to  this  point  at  the  eclipse  of 
Dec  next.  Perhaps  it  might  be  the  wisest,  as  it  would  certainly 
be  the  most  considerate,  course,  to  await  such  decision. 

In  the  other  passage  Dr.  Curtis  says : — 

*• the  circumstance  affords  but  another  example of  the  necessity  that 

a  critic  before  attempting  to  draw  scientific  inferences  from  photographic  repre- 
sentations should  himself  become  something  of  a  photographer And  by  a 

singular  coincidence,  evidence  that  Dr.  Qould  has  not  a  practical  acquaintance  with 
the  art  would  seem  to  be  afforded  in  this  same  published  letter  by  his  total  mis- 
interpretation of  another  purely  photographic  effect,  viz  :  the  apparent  encroach- 
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ment  of  the  prominences  upon  the  disk  of  the  moon  as  seen  in  the  photographfl. 
This  curious  appearance,  instead  of  being  due  to  *'  specular  reflection  "  is  wholly  a 
dark-room  phenomenon,  aa  will  be  explained  in  the  text." 

That  Dr.  Curtis's  explanation  is  entirely  adequate  in  most  cases 
we  readily  concede.  ^But  when  Ulloa  in  IV 78  saw  the  brightness 
of  the  protuberances  projected  so  far  upon  the  lunar  disk  that  he 
thought  the  sun  was  shining  through  a  hole  in  the  moon,  there 
were  no  photographs.  And  had  circumstances  brought  to  Dr. 
Curtis's  notice  as  many  dozens  of  cases  as  have  come  to  our  knowl- 
edge, in  which  the  great  protuberance  of  last  August  was  seen 
both  by  scientists  and  laymen,  with  and  without  optical  aid,  to  ap- 
pear as  "  a  deep  notch  in  the  moon,"  we  think  he  would  have  qual- 
ified his  language.  Dr.  Gould  has  expressed  his  belief  that  this 
phenomenon  is  due  to  specular  reflection  from  the  lunar  surface ; 
others  may  with  great  reason  attribute  it  to  the  influence  of  irradi- 
ation ;  but  it  cannot  be  solely  a  photographic  effect^  however  such 
effects  may  coincide. 

Dr.  Curtis  has  also  given  the  results  of  some  interesting  experi- 
ments made  to  determme  the  origin  of  the  glow  seen  upon  the  sun, 
around  the  moon's  limb,  on  the  photographs ;  a  glow  which  has 
been  found  real  and  not  the  result  of  contrast,  in  all  the  impres- 
sions taken  last  August.  This  he  believes  to  be  a  result  of  dim-ac- 
tion, a  view  which  we  fully  shared,  as  those  present  at  the  August 
session  of  the  National  Academy  will  remember.  And  by  experi- 
ments involving  diffractive  action,  he  has  produced  artificial  echpse- 
photographs  exhibiting  the  same  appearance.  But  the  recent  ex- 
periments of  Prof.  Morton,  of  which  Dr.  Curtis  must  have  been 
unaware,  settled  the  question  some  time  since  by  the  production  of 
other  artificial  eclipse-pictures  by  methods  which  exclude  diffrac- 
tion, yet  manifest  the  crepuscule  as  clearly  as  in  the  original  pho- 
tographs. Such  pictures  have  for  a  considerable  time  been  in  our 
possession,  and  Pro£  Morton  found  the  explanation  of  the  phenom- 
enon in  a  local  redevelopment  of  the  negative.  This  explanation 
seems  fully  to  account  for  Dr.  Curtis's  results  as  well  as  for  his 
own. 

!Mr.  Lane's  attention  was  given  to  teloscopic  observation  of  the 
contacts  and  the  corona ;  observations  which  were  evidently  car- 
ried out  with  his  characteristic  ability,  but  space  is  unfortunately 
wanting  to  us  for  a  full  description  of  his  paper.  Among  other 
things,  he  measured  the  dimensions  of  two  of  the  flocculent  masses, 
or  "  cometoid  bodies,"  in  the  protuberant  aggregation  at  110**; 
and  he  was  able  to  trace  the  outline  of  the  moon's  eastern  limb  for 
2"*  5*  after  the  end  of  the  total  obscuration. 

!Mr.  Gilman's  observations  were  made  at  Sioux  City,  Iowa,  lati- 
tude 42°  47i',  longitude  1^  16'"  23«.  llis  memoir  is  illustrated  by 
numerous  interesting  diagrams,  among  which  are  sketches  of  spots 
and  faculsB  on  August  5,  6,  and  7 .  Some  seconds  previous  to  the 
occurrence  of  totality,  the  great  protuberance  and  a  large  portion 
of  the  corona  were  seen  by  two  of  his  companions.  This  protu- 
berance (240°)  was  where  Mr.  Gilman  had  seen  a  bright  double 
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facula  just  before  the  first  contact.  Examined  with  a  4-ineh  tele- 
scope, it  appeared  of  an  orange-color,  dotted  with  minute  flakes  of 
brilliant  crimson.  Another  highly  interesting  fact  is  that  four  of 
the  party  saw  an  object  which  they  confidently  believed  to  be  a 
star  near  the  limits  of  the  corona,  in  the  neighborhood  of  the  great 
protuberance.  The  position  described  was  that  of  ^  Ca)icri  [mis- 
written  TtZeonis/inAstr,  Nachr.,  Ixxiv,  375]  which  was  seen  with 
one  of  the  telescopes  at  Burlington.  If  this  star  was  detected  or 
seen  by  the  unaided  eye,  no  higher  testimony  could  be  brought  to 
the  keenness  of  the  observer's  vision;  for  its  magnitude  is  but  5*8, 
being  only  three-tenths  of  a  magnitude  brighter  than  the  faintest 
star  visible  to  the  average  eye  on  moonless  nights. 

Mr.  Bardwell,  besides  observing  the  times  of  contact,  searched 
for  inferior  planets,  and  with  the  same  negative  results  which  oth- 
ers obtained. 

Gen.  Myer  was  at  the  summit  of  '  White  Top  Mountain,'  near 
Abingdon,  Va.,  5,630  feet  above  the  sea  level.  lie  saw  the  ]>right 
specks  noted  by  so  many  as  flitting  across  the  moon's  disk,  and 
which  some,  erroneously,  as  we  believe,  have  supposed  to  be  me- 
teors. With  a  deep-red  shade-glass,  "  while  some  two  digits  of 
the  sun  were  still  uneclipsed,"  he  noted  a  luminous  prominence  of 
yellowish  color  upon  the  moon's  limb.  ]Many  of  the  details  of  the 
total  phase  were  distinctly  visible  to  the  naked  eye  in  this  clear 
atmosphere,  and  when  the  last  line  of  sunlight  separated  into  beads, 
the  sruides  exclaimed  that  the  sun  was  breaking  to  pieces ! 

We  have  dwelt  so  long  upon  the  observations  within  the  terri- 
tory of  the  United  States,  that  no  opportunity  remains  to  give  de- 
tails regarding  the  observations  of  P*rof  Hall  at  Behring's  Straits 
(latitude  64°  20',  longitude  6**  25"^).  After  their  long  voyage  and 
hopeful  endurance,  they  had  the  disappointment  of  seeing  clouds 
dnft  over  the  sky,  about  an  hour  before  the  eclipse  began.  With- 
in an  hour  after  it  had  ended,  the  sky  was  cloudless  again.  The 
sun  and  moon  were  invisible  from  a  short  time  before  until  a  short 
time  after  totality,  but  the  darkness  was  greatest  between  0  17^ 
and  9  2p  a.  m.,— during  which  period  there  was  less  light  than  at 
the  midnight  preceding.  The  report  is  accompanied  by  copious 
meteorological  and  magnetic  observations,  which  bear  witness  to 
the  fullness  of  the  preparations  made,  and  testify  that  nothing  with- 
in the  control  of  rrof.  Hall  was  wanting  to  render  his  results  ex- 
ceedingly valuable.  Capt.  S.  R.  Franklin  of  the  United  States 
Steamer  Mohican,  saw  three  protuberances  upon  the  moon's  disc, 
but  no  more.  b.  a.  g. 

2.  On  tlie  flight  of  a  remarkable  meteorite  across  the  Western 
poHion  of  Ohio  near  Forest^  lat.  40°  50'  and  long.  W.,  84''  40'; 
by  J.  Lawrence  Smith,  Louisville  Ky. — A  few  minutes  before 
three  o'clock  on  the  morning  of  Oct.  27th,  the  citizens  of  Foiest, 
and  for  miles  around,  were  suddenly  aroused  by  a  terrific  sound  in 
the  upper  regions  like  the  report  of  a  heavy  siege  gun,  followed 
by  two  or  three  reports  in  quick  succession,  resembling  the  reports 
of  field  pieces  fired  by  section,  and  ended  in  a  peculiar  and  rather 
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metallic,  rumbling  or  roaring  sound,  dying  away  in  the  distance. 
The  interval  between  the  first  and  successive  reports  was  two  or 
three  seconds;  the  other  intervals  about  one  second.  The 
firmest  houses  were  shaken,  windows  rattled,  and  thousands 
of  sleepers  were  roused  in  an  instant,  bewildered  at  the 
unusual  and  appaling  noise;  and  many  were  the  conjectures 
as  to  what  it  was ;  some  thought  it  was  an  earthquake,  but  to  the 
greater  part  it  was  simply  an  inexplicable  phenomenon.  Persons 
who  happened  to  be  awate  at  the  time,  were  first  startled  to  see 
the  night  suddenly  lighted  into  day,  and  soon  relapsed  again  into 
the  usual  darkness.  While  wondering  what  caused  it,  the  stun- 
ning sound  broke  in  upon  them  and  greatly  increased  the  mystery. 
The  time  between  the  going  out  of  the  light  and  the  report  is 
estimated  by  citizens  here  at  from  one-half  to  one  minute. 

Mr.  Pierson  of  Patterson,  a  village  about  one  mile,  a  little  west 
of  south  of  Forest,  states  that  he  saw  the  meteor  coming  directly 
toward  him,  from  a  direction  about  S.  35**  W. ;  that  it  was  a  baU 
of  fire  apparently  as  large  as  a  bucket,  exceedingly  bright  and 
dazzling  and  had  a  luminous  tail  apparently  thirty  feet  long  and 
three  feet  wide;  that  it  vanished  or  exploded,  as  he  thought, 
directly  overhead.  At  Finly,  twenty  miles  northwest  of  Forest, 
the  statement  is,  that  there  at  about  3  o'clock  on  Wednesday 
morning,  Oct.  28th,  the  inhabitants  were  aroused  by  a  terrific 
explosion  somewhere  in  the  upper  regions. 

The  night  was  one  of  clear  moonlight,  and  exceedingly  cold  for 
the  season.  The  night  watchmen  had  witnessed  it ;  and  one  says 
the  he  first  saw  it  in  the  southeast,  in  size,  seemingly,  as  large  as 
a  beer  keg,  and  of  intense  brightness ;  that  it  descended,*  leaving 
a  luminous  streak  behind,  and  that  when  near  the  earth,  it  explo- 
ded, with  a  terrific  sound,  and  fierce  brightness ;  that  the  light, 
after  the  explosion,  took  a  southerly  course,  and  disappeared. 
Another  watchman  reports  that  at  the  time  of  the  explosion,  it 
appeared  as  large  as  a  load  of  hay,  and  that  the  sound  of  the 
explosion  was  stunning,  not  like  a  quick  sharp  report  of  thunder, 
but,  as  he  termed  it,  more  like  the  coming  together  of  railroad 
cars,  but  much  louder,  and  that  the  light  was  brighter  than  that 
of  the  sun.  The  direction  of  the  meteor  from  Finley,  as  given  by 
the  watchman,  with  the  bearing  of  the  meteor's  path,  as  described 
by  Mr.  Pierson  of  Patterson,  and  the  fact,  that  to  many  the  sound 
seemed  nearly  overhead,  would  indicate  that  it  exploded  or  tei^ 
minated  its  course  in  the  vicinity  of  Forest;  yet'  a  careful 
investigation  might  prove  its  terminus  to  be  many  miles  from  that 
place.  The  sound  seems  to  have  been  heard  for  perhaps  fifty  miles 
around,  if  not  more.  The  stones  or  fragments  that  nave  fallen, 
may  never  be  found,  owing  to  the  fact  that  the  explosion  was  at 
night,  and  the  consequent  difficulty  of  determining  its  exact  local- 
ity. In  Kenton,  Ohio,  the  phenomena  are  said  to  nave  occurred  a 
few  miimtes  before  3  o'clock  and  consequently  they  were  not  well 
observed ;  many  persons  saw  the  light  but  not  the  meteor,  and  all 
were  sensible  of  the  shock  and  sound.     The  meteor  did  not  pass 
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this  place  nearer  than  twenty  miles,  and  the  best  judges  give  its 
duration  at  from  two  to  three  minutes  from  the  flash  to  the  explo- 
sion. The  sound  was  of  such  force  as  to  shake  the  houses  and 
many  believed  it  to  be  an  earthquake. 

These  are  all  the  statements  I  have  been  able  to  obtain  in  regard 
to  the  appearance  of  this  meteor  and  its  accompanying  phenomena. 
It  was  beyond  all  doubt  a  meteorite,  and  I  am  using  all  possible 
means  to  discover  any  fragments  that  may  have  fallen.  I  must 
acknowledge  the  assistance  afforded  by  Mr.  Moore  and  Mr. 
Thomson,  of  Ohio. 

3.  Elements  of  Asteroid  (109) ;  bv  Wm.  A.  Roobbs.  (From  a 
letter  dated  Alfred  Observatory,  Alfred,  N.  Y.,  Dec.  21st,  I860.) 
— ^I  herewith  conmiunicate  for  the  Journal  the  elements  of  (109) 
which  I  have  computed  from  the  following  observations : 

Date,  W.  M.  T.  Place  of  obseryation.  a  6 

Oct  9,  13  26  32,  Hamilton  Coll.  Obs.,  14  00  46-9+9  37  160. 
Oct  31,  8  44  33,  Halnilton  ColL  Obs.,  9  11  27*8  9  54  47*8. 
Oct  31,  8  44  33,  Alfred  Observatory,  9  11  32-4  9  64  48-0. 
Nov.  28,  7  16  67,  Alfred  Observatory,  8  7  49-2  11  9  3-17. 
Epoch  Oct  90,  W,  M.  T. 


M=339  16  02'6 


3Iean  Eq.  1869*0 


=  65  22  43-3 
gt=  4  67  36-2 
i  =  8  4  10-6 
9  =  17  16  40-7 
fi  =804-8304" 
fog  a=  4295348 

For  computing  an  ephemeris,  I  And : 

log  a;=9-9999681  +  log  sin  (v  +  146''  19'  47"-4) 
log  y=9'9307966  +  log  sin  (v  +    65    46    21*1) 
log  2=9-7181204  4"  log  sin  (17  +    ^4    11    42-2) 

V.    MISCELLANEOUS  BIBLIOGBAPHY. 

1.  JExercises  in  Practical  Chemistry^  by  A.  G.  Vbbnon  Hab- 
couBT,  M.A.,  F.R.S.,  Sec.  C.  S.,  and  H.  G.  Madan,  M.A.,  F.C.S. 
Series  1st,  Qualitative  Exercises.  335  pp.  12mo,  Oxford,  at  the 
Clarendon  Press,  1869.  London,  Macmillan  &  Co. — ^This  little 
volume  is  designed  as  the  beginner's  vade  mecum  in  commencing 
the  study  of  practical  chemistry  in  the  laboratory.  No  attempt  at 
a  systematic  presentation  of  the  elements  of  the  science  is  here  made. 
The  novitiate  is  presumed  to  be  eaually  innocent  of  nomenclature, 
symbols  and  philosophy  and  is  lea  into  the  laboratory  much  as  an 
apprentice  to  a  trade,  and  is  therefore  first  made  familiar  with  his 
tools,  and  how  to  use  them  in  the  most  simple  operations  before 
even  attempting  the  preparation  of  oxygen  and  otner  gases.  It  is 
illustrated  by  sixty-five  wood  cuts,  mosfly  new  and  many  of  them 
very  effective.    The  nomenclature  is  that  of  Williamson.    Symbols 
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expressing  the  more  important  reactions  are  given  at  the  foot  of 
the  pages  where  needed.  We  look  with  interest  for  the  second 
series  on  quantative  chemistry. 

2.  On  Aniline  and  its  derivatines.  A  TVeatise  upon  the  manu- 
facture  of  Aniline  and  Analine  Colors^  by  M.  Reimanx,  PiD., 
L.A.M.,  to  which  is  added,  The  report  on  the  coloring  matters 
derived  from  coal  tar,  shown  at  the  Freyich  Exhibition^  1867  ;  by 
Dr.  A.  W.  HoFMANN,  F.R.S.,  MM.  G.  de  Laire,  and  Ch.  Girabd. 
The  whole  revised  and  edited  by  William  Crookes,  F.R.S.  Ac. 
8vo,  pp.  164.  (John  Wiley  and  Son,  Astor  Place,  New  York, 
1868. — Dr.  Reimann's  account  of  aniline  and  its  derivatives  is  a 
fine  example  of  the  union  of  exact  science,  with  practical  skill,  and 
as  such  teaches  an  important  lesson  beyond  its  special  theme.  It 
could  not  have  had  a  more  valuable  supplement  than  in  the 
admirable  report  of  Dr.  Hofmann  and  his  associates,  on  the  coal 
tar  colors  shown  at  the  French  Exhitition  of  1867.  The  book, 
though  published  by  Messrs.  Wiley,  was  printed  in  London,  by 
Mr.  Crookes  at  the  office  of  the  Chemical  News. 

3.  A  short  Course  in  Qualitative  Analysis^withthe  New  Notation* 
by  J.  M.  Crafts,  Prof  of  General  Chemistry  in  the  Cornell  Uni- 
versity. 133  pp.  12mo,  with  five  Tables.  N.  Y.,  1869.  (J.  Wiley  & 
Son.) — Prof  Crafts  is  well  known  to  our  readers  from  his  frequent 
valued  chemical  contributions.  He  has,  in  the  small  volume  be- 
fore us,  attempted  the  solution  of  a  problem  which  every  chemical 
instructor  must  meet  whose  duties  call  him  to  impart  to  a  mixed 
class  of  academic  students  a  maximum  of  knowledge  in  a  mini- 
mum of  time.  A  considerable  portion  of  the  first  two  chapters 
is  devoted  to  an  explanation  of  the  theory  of  chemical  reactions 
and  nomenclature.  The  student  is  at  once  inducted  into  the  no- 
tions of  modern  chemistry  and  familiarized  with  atomicity  and 
the  present  chemical  nomenclature.  It  is  certain  that  under  a 
good  teacher  any  faithful  student  will  master  the  main  points  of 
qualitative  analysis  by  the  time  he  has  gone  through  the  second 
part  of  this  useful  little  volume.  Only  34  of  the  64  radicals  known 
to  chemists  are  treated  of  in  this  book.  This  brevity  sometimes 
mars  symmetry  and  renders  the  work  of  the  student  almost  too 
simple,  as  when,  for  example,  strontium  is  left  out  of  group  II. 
The  tables  IV  and  V,  intended  to  record  in  a  compact  form  the 
facts  of  analytical  chemistry,  are  ingeniously  devised  by  Mr.  Per- 
kins, to  give  the  student  exact  ideas  and  methodical  habits. 

4.  The  Fruits  and  Fruit  trees  of  America^  Jbc;  by  A.  J.  Downing. 
Second  revision  and  correction^  with  large  additions^  by  Charles 
Downing,  pp.  1098,  8vo.  New  York,  1869.  (John  Wiley  & 
Son). — Those  cultivators  of  fruits  who  have  been  accustomed  to 
handle  the  small  duodecimo  volume,  which  was  left  us  by  its 
lamented  author  under  the  above  title,  will  hardly  recognize  their 
old  acquaintance  now  grown  to  such  portly  dimensions.  But  the 
same  rural  flavor  and  discrimination  are  found  in  the  work  which 
Mr.  Charles  Downing  has  given  us,  that  rendered  the  original  edi- 
tion of  this  work  by  his  gifted  brother  a  universal  favorite  on  both 
Bides  of  the  Atlantic.    But  under  Mr.  Charles  Do  wning's  editorship 
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this  work  has  become  in  fact  a  pomological  encyclopedia,  embrac- 
ing a  vast  number  of  varieties  of  various  fruits,  which  are  of 
interest  to  the  curious  reader  rather  than  the  cultivator.  For 
example,  not  less  than  2800  vaneties  and  synonyms  of  the  pear 
are  mentioned,  while  few  cultivators  in  the  Eastern  United  States 
plant  over  twenty  or  thirty  sorts.  Fortunately  for  the  novice  in 
pomology,  Mr.  Downing  adds  well  considered  select  lists  of  the 
various  fruits,  that  of  the  pear  containing  about  seventy  varieties, 
which  serve  to  redeem  the  planter  from  chaos.  The  chapter  on  the 
grape,  is  enriched  by  well  drawn  figures  of  the  most  approved 
sorts  of  American  origin,  most  of  which  have  been  produced  by 
cultivation  since  1845,  when  the  first  edition  of  Downing  was 
published.  It  would  have  been  well  if  the  general  introduction 
to  this  fruit  had  been  rewritten  or  extended  to  embrace  important 
new  matters,  as  the  sulphur  treatment  for  Oidium  Tuckeii,  the  later 
researches  on  the  insects  infecting  the  vine,  and  the  considerable  ex- 
periences which  twenty  years  have  given  us,  relating  to  vineyard 
culture  and  American  vines. 

The  title  of  this  book  reminds  us  that  its  contents  do  not  cor- 
respond to  what  it  calls  for.  To  one  familiar  with  fruit  culture 
as  It  exists  on  the  Pacific  coast  of  the  United  States,  Mr.  Down- 
ing's  book  appears  more  foreign  than  any  European  work  on  hor- 
ticulture can  to  a  cultivator  living  upon  the  Atlantic  shores  of  the 
continent.  It  would  have  given  a  completeness  to  the  work,  if 
it  had  briefly  sketched  the  main  peculiarities  of  the  most  remark- 
able fruit-growing  region  of  North  America. 

6.  Agricidtm*aZ  Qualitative  and  Quantitative  Chemical  Anal- 
ysiSj  (after  E.  Wolff,  Fresenius,  Krocker  and  others),  by  G.  C. 
Caldwell,  Professor  of  Agricultural  Chemistry  in  the  Cornell 
University.  300  pp.  New  York;  (Orange  Judd  &  Co.). — ^This 
work,  prepared  from  the  best  sources  in  a  thoroughly  conscientious 
and  judicious  manner,  supplies  a  want  now  beginning  to  be  seriously 
felt  m  this  country. 

Prof  Caldwell's  book  is  intended  to  serve  as  a  complete  manual 
of  chemical  analysis  for  the  use  of  agricultural  students.  The 
titles  of  its  chapters  are — I,  Reagents.  II,  Analytical  Operations. 
m,  Reactions  and  Methods  of  Quantitative  Estimations.  IV, 
Special  methods  of  Analysis,  viz :  Course  in  Qualitative  Analysis, 
including  the  elements  encountered  in  Soils,  Plants  and  Agri- 
cultural Products,  Estimation  of  Water,  Organic  Matter,  Sulphur 
and  Chlorine  in  Organic  Compounds,  Separation  and  Estimation  of 
the  Alkalies,  AlkaU-Earths,  Alumina,  oxyds  of  iron  and  manga- 
nese, silica  and  phosphoric  acid.  V,  Analysis  of  Soils,  Rocks  and 
Marls.  VI,  Analysis  and  Valuation  of  Fertilizers.  VII,  Ash- 
Analysis.  VIII,  Analysis  of  Fodder  and  Food.  IX,  Wool  and 
Bark.  X,  Beverages.  XI,  Tables.  We  trust  that  this  volume 
will  be  studied  and  used  by  every  student  in  our  Agricultural  Col- 
leges, for  the  knowledge  that  can  be  acquired  only  by  following 
and  by  applying  its  methods  is  not  only  of  the  utmost  importance 
to  the  inoividual  farmer,  but  bears  most  seriously  upon  the  devel- 
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opment  and   conBervation  of  our  greatest  national  resource,  the 
productive  power  of  our  soil.  j. 

6.  Lithologie  des  Mere  de  Vancien  monde,  par  M.  Delsssb. — We 
have  received  from  the  author  two  beautiful  charts,  illustrating 
the  above  work,  which  we  propose  to  notice  in  another  number. 

7.  Hydraulic  Motors ;  translated  from  the  French  cours  de 
M6canique  app]iqu6,  par  M.  Bbesse,  Professeur  de  M6canique  a 
I'Ecole  des  Fronts  et  Chauss^es,  bv  F.  A.  Mahan,  Lieutenant 
U.  S.  Corps  of  Engineers.  Revised  by  D.  H.  Mahan,  LL.D.,  Pro- 
fessor of  Civil  Engineering,  Ac,  United  States  Military  Academy. 
165  pp.  8vo.  1869.  New  York,  (John  Wiley  &  Son.) — ^A  conven- 
ient and  thorough  treatise  on  the  subject  of  Hydraulic  Motors. 

8.  Weisha^h'a  Manual  of  Mechanics^  vol.  i,  part  n,  8vo.  New 
York,  (D.  Van  Nostrand). — The  second  part  of  the  first  volume  of 
Weisbach's  Mechanics,  noticed  in  our  last  volume  (p.  449),  has  just 
been  received. 

9.  A  Practical  li'eatise  on  Metallurgy,  adopted  from  the  last 
German  Edition  of  KerVs  Metallurgy ;  by  William  Crookes, 
P.R.S.,  and  Ebnst  KOhbig,  Ph.D.,  M.E.  In  three  large  volumes, 
8  vo.  London,  (Longmans  &  Co. ;  New  York,  John  Wiley  ifc  Son,  2 
Clinton  Hall,  Astor  Place.) — ^These  volumes  take  up  the  subjects  in 
the  following  order:  Vol.  I,  Lead,  Silver,  Zinc,  Cadmium, Tm,  Mer- 
cury, Bismuth,  Antimony,  Nickel,  Arsenic,  Gold,  Platinum,  Sul- 
phur. Illustrated  by  207  wood  engravings.  724,  pp.  1868.  VoL  II, 
Copper,  Iron.  Illustrated  with  273  wood  engravings,  pp.  876, 1869. 
Vol.  ni.  Steel,  Fuel;  Supplement.  Illustrated  witn  145  wood- 
cuts. 803,  pp.  1870.  We  have  no  space  at  this  time  for  a  further 
notice. 

10.  HeliquicB  AquitaniccB;  by  Messrs.  Labtbt  &  Chbistt, 
edited  by  Prof  Thomas  Rupert  Jones.  Part  ix,  of  this  beautiful 
work  on  the  Arch»ology  of  Southern  France,  has  been  published. 

Lea  on  the  Oemta  Unto.    Index  to  Vol.  zn  and  supplementary  index  to  Vols,  i  to 
XI  of  Observations  on  the  Genus  Unio,  together  witii  Description  of  new  species  of 
the  Family  UnionidsB  and  description  of  new  species  of  Melanidae,  Paludinso,  Heli- 
ddse,  etc.    Isaac  Lea,  LL.D.,  eta    Philadelphia,  1869. 
'  Bulletin  of  the  National  Association  of  Wool  Manufaoturera    Oct,  1869.    Boston. 

Address  delivered  on  the  Centennial  Anniversary  of  the  birth  of  Alexander  yon 
Humboldt  tmder  the  auspices  of  the  Boston  Society  of  Natural  History,  by  Louis 
Agassiz.  Boston,  1869.     108  pp.  8vo. 

Mammalia  of  Massachusetts,  by  J.  A.  Allen.  112  pp.  8ya  Bulletin  of  the  Mu- 
seum of  Comparative  Zoology  at  Harvard  College,  Cambridge,  Mas&  Na  8.   1869. 

Alexandeb  von  Humboldt,  eine  wissenchaftlidie  Biograpbie,  by  Dr.  C^  Bnihns, 
aided  by  various  Savans  of  (Germany,  is  soon  to  be  Issued  in  two  large  volumes  by 
F.  A.  Brockhaus  of  Leipzig. 

Obituary.— Thomas  Gbaham,  author  of  the  exceUent  **  Elements  of  Chemistry,'* 
and  since  1855  Masier  of  the  Mint,  died  Sept.  I6th,  in  his  64th  year. 

AxKL  Joachim  Ebdmann.  Director  of  the  Qeologlcal  Survey  of  Sweden,  and 
eminent  in  Mineralogy  as  well  as  Geology,  died  at  Stockholm  on  the  Ist  of  Decem- 
ber last,  at  the  age  of  55  years. 

O.  L.  Ebdmann,  the  distinguished  Chemist,  and  editor  of  the  Journal  fUr  prak- 
tiscbe  Chemie  since  1843,  died  on  the  9th  of  October  at  Leipzig,  aged  65  years 

Michael  Sabs,  the  eminent  zoologlBt  of  Norway,  and  one  of  the  first  in  Europe, 
died  at  Christiania  on  the  22nd  of  October  last,  at  the  age  of  65  years.  The  last  of 
his  remarkable  memoirs  is  noticed  in  the  last  volume  of  this  Journal,  (p.  142). 
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Art.  XVjll — Photometric  Experiments.  Pabt  fibst. — On  a 
simple  form  of  Photom/eter  for  ddermining  the  amount  of  LigJU 
reflected  by  Metallic  Surfaces  at  different  incidences;  by  Ogdsn 
K  Rood,  Prof  of  PhysicB  in  Columbia  CoUege. 

The  fundamental  idea  of  many  fonns  of  photometer  is  based 
on  the  comparison  of  two  illuminated  surfaces  placed  in  imme- 
diate juxta-position,  and  the  iudement  of  the  experimenter  is 
callea  on  to  decide  when  the  briffhtness  of  these  ajjpears  equal.^ 
If  the  difference  of  the  two  rival  surfEu^es  be  considerable,  the 
inequality  will  be  perceived  even  by  an  unpracticed  eye,  but  as 
the  disparity  is  diminished  the  obseorver  becomes  less  confident, 
and,  passing  into  a  doubtful  and  dissatisfied  frame  of  mind,  is 
at  one  mom^it  inclined  to  consider  the  balance  as  gained,  and 
at  the  next  equally  certain  that  it  has  been  lost  It  hence  fol- 
lows that  no  photometer  of  this  form  is  adapted  for  investiga- 
tions at  all  amiing  at  a  refined  diaracter. 

Bunsen,  to  whom  Physics  as  well  as  Chemistry  is  und^r  so 
many  obligations,  emplovs  in  the  instrument  which  bears  his 
name  another  principle :  nare,  it  is  not  the  equality  in  the  bright- 
ness of  two  aqjacent  sur£EU2es,  but  the  actual  disappearance  of  a 
"spot''  on  an  illuminated  ground,  the  powers  oi  the  observer 
bemg  now  taxed  to  a  much  less  extent,  as  it  is  merely  a  ques- 
tion of  the  visibility  or  invisibility  of  the  "spot"  The  greet 
superiority  of  this  latter  princij^le  is  evident  £rom  the  mere  state- 
ment, and  it  only  remains  to  investigate  how  the  proposed  ad- 
vantage can  best  be  realized  in  actual  praotica  It  is,  1  believe, 
genersJly  admitted  by  those  who  have  used  Bunsen's  photcHnetar, 
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that  with  it,  the  end  proposed  is  only  approximately  attained, 
the  spot  never  becoming  absolutely  invisible,  but  merelv  assum- 
ing what  may  be  termed  an  appearance  of  maximum  mintnesB. 
Dove*  has  proposed  a  form  of  photometer,  the  general  idea  of 
which  is  not  unUke  that  of  Bunsen ;  it  consists  of  a  compoimd 
microscope  provided  with  a  microscopic  photograph  on  glass, 
which  serves  as  the  "screen,"  the  intention  being  to  illuminate 
it  fix)m  both  sides,  in  such  a  way  that  the  photograph  should 
assume  the  same  degree  of  brightness  with  its  own  border  or 
ground,  and  hence  become  invisible  after  compensation.  In  a 
former  number  of  this  jonmalt  I  described  a  form  of  photometer 
partly  based  on  this  suggestion  of  Dove's,  and  at  the  same 
time  detailed  a  few  rough  experiments  that  were  made  by  its 
aid.  Since  then  I  have  followed  iip  the  subject,  and  have  ex- 
amined somewhat,  with  the  help  of  a  more  refined  apparatus, 
the  practical  application  of  the  physical  and  physiological  prin- 
ciples involved  m  its  more  perfect  construction  and  nse. 

The  microscope  and  microscopic  photograph  I  dispense  with, . 
gaining  thus  not  only  in  economy  but  also  in  delic^wjy,  while  the 
plan  of  employing  a  silver-collodion  film  on  glass  was  retained 
and  proved  of  great  value,  and,  as  will  be  shown  in  the  second 
part  of  this  paper,  the  idea  of  a  total  disappearance  of  the  "spot" 
was  at  length  realized  to  the  fullest  extent,  when  the  precaution 
of  using  an  absolutely  unvarying  illumination  was  observed. 
I  proc^  now  to  describe  the  instrument,  and  will  afterward 
add  some  determinations  that  were  made  by  its  help. 

Description  of  the  instrument  "  The  Screen,^^ — ^If  we  take  a 
plate  of  glass  covered  by  an  opaque  preparation,  with  a  sur- 
face of  some  reflecting  power,  but  without  polish,  and  laying 
bare  a  small  portion  of  the  glass,  say  ^y  of  an  inch  square  and 
having  backed  it  up  by  a  plate  of  ground  glass,  illuminate  it 
fix>nt  and  rear  by  two  lights,  it  is  evident  that  a  mass  of  light 
will  be  reflected  to  the  eye  of  the  observer  from  the  opaque  pig- 
ment, while  light  coming  from  the  second  source  wfll  traverse 
the  naked  portion  of  the  plate  and  reach  the  same  destination. 
This  secona  portion,  or  that  coming  from  tiie  "spot,"  will  have 
commonly  a  greater  or  lesser  d^ree  of  intensity  than  that  re- 
flected from  the  adjacent  regions  of  the  plate,  so  that  we  shall 
nave  either  a  briffht  spot  on  a  dark  ground,  or  a  dark  spot  on  a 
light  ground,  and  an  attempt  to  equalize  the  two  illuminations, 
so  as  to  effect  the  disappearance  of  the  "  spot,"  will  be  success- 
ful only  under  the  following  conditions : 

First  All  portions  of  the  "spot"  must  be  equally  illumin- 
ated, and  it  must  have  no  texture,  that  is,  must  not  perceptibly 
coninst  of  minute  grains  mingled  with  others  having  a  less  or 
greater  degree  of  brilliancy. 

^     ♦  Fogg.  Axmalen,  Ba&d  cxIt,  p.  145.  f  Vol  xxxri,  Julj,  1863. 
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Second,  All  those  portioDs  of  the  ground  sarroundinK  and 
in  contact  with  the  "spot,"  must  be  equally  illuminated,  and 
the  texture  of  the  ground  must  likewise  be  uniform. 

Third,  The  transition  fix)m  the  ground  to  the  "  spot "  must 
be  perfectly  sharp  and  sudden,  so  that  not  the  fiiintest  border 
can  be  seen  surrounding  it 

Fourih,  K  it  be  required  to  render  the  invisibility  of  the 
"  spot "  more  than  momentary,  it  is  equally  essential  that  the 
ratio  subsisting  between  the  two  sources  of  illumination  shoxild 
be  laiily  constant 

If  either  of  the  first  three  precautions  be  neglected,  the  dis- 
appearance of  the  spot'  becomes  entirely  impossible,  while  it  is 
only  by  a  peculiar  arrangement  of  apparatus  that  the  fourth  can 
actually  be  realized.  (See  second  part  of  this  article.) 

Screen. — ^A  plate  of  colorless  ^lass  of  ffood  quality  is  coated 
with  photographic  collodion  and  immersed  for  a  few  minutes  in 
a  solution  of  nitrate  of  silver,  ("  bath,")  as  though  it  was  the  in- 
tention to  take  a  picture,  ("  negative  ") ;  it  is  then  exposed  for  a 
minute  or  less  to  ordinary  dayli^t,  and  a  solution  of  photo-sul- 

Shate  of  iron  poured  over  it  This  produces  a  dense  opaxjue 
eposit  of  silver  in  the  substance  of  the  film,  when  the  plate  is  to 
be  washed  well  in  plain  water  and  dried.  Its  surface  will  be  of 
a  grey  tint,  and  will  vary  somewhat  in  its  power  of  diffuse  re- 
flection according  to  the  sample  of  collodion  used.  A  small 
amount  of  light  is  also  regularly  reflected  by  the  upper  surface 
of  the  collodion  film,  and  in  using  the  plate  it  is  always  so  placed 
that  this  latter  portion  shall  produce  no  effect  on  the  result  The 
collodion  film  is  now  removed  neatiy,  by  the  aid  of  a  needle, 
fixnn  a  portion  of  the  plate,  so  that  a  square  with  sides  ^^  of  an 
inch  is  laid  bare,  care  being  taken  to  leave  the  edees  clean  and 
well  defined,  in  which  there  is  no  particular  difficmty,  provided 
tiie  collodion  was  originally  of  the  proper  quality  to  cause  it  to 
adhere  welL  K  the  "spot"  is  made  much  smaller  than  the 
above  mentioned  dimensions  it  becomes  an  annoying  object  for 
observation,  while  if  it  be  larger,  it  is  difficult  to  illummate  it 

1. 

A-  »  II  ftj- 


B  c 


N         ' 


uniformly.  This  plate  is  seen  at  P,  in  figure  1,  tiie  collodion 
side  being  turned  toward  the  eye  of  the  observer,  and  the  other 
side,  except  iust  opposite  the  spot,  covered  by  a  coating  of  lamp- 
black mixea  with  weak  shellac  varnish,  so  as  to  leave  a  black, 
non-reflecting  sur&ce.  At  the  distance  of  an  inch  firom  the 
collodion  plate,  there  is  fia^stened^  parallel  to  it,  a  plate  of  colorless 
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glass,  G,  finely  ground  on  each  side ;  this  is  destined  to  receive 
the  light  from  L.    If  only  one  sur£eu^  of  the  glass  be  ground,  the 
texture  becomes  plainly  visible,  particularly  when,  as  in  the  ex- 
periments detailed  in  the  second  part  of  this  paper,  the  spot  is 
magnified     Only  so  much  of  the  ground  ^lass  plate  is  allowed 
to  remain  bare  as  is  necessary,  the  remaining  portions  on  both 
sides  are  covered  by  black  non-reflecting  paper.     Plates  P  and 
G  are  then  as  it  were  roofed  over,  and  enclosed  on  all  sides  by 
a  small  well  fitting  blackened  case,  destined  to  prevent  the  light 
fix>m  penetrating  oetween  them,  and  finally,  to  guard  against 
possible  errors  by  reflection  fix)m  the  walls  of  the  room,  plate 
G  is  provided  with  a  projecting  blackened  tube  which  cuts  off 
stray  reflected  light     P  and  G,  constituting  thus  the  screen,  are 
fSastened  at  the  end  of  a  pair  of  long  parallel  iron  bars,  B,  B, 
made  like  the  ways  of  a  lathe,  and  provided  with  a  scale  gradu- 
ated in  millimeters.     The  length  of  this  iron  frame  is  six  feet 
Source  of  illumination. — At  E  is  the  eye  of  the  observer,  the 
fiwe  being  protected  from  light  by  the  blackened  screen,  S.     E, 
the  center  of  the  "  spot,"  and  the  center  of  the  mirror  experi- 
mented on,  all  lie  in  the  same  line,  which  is  of  course  at  the 
same  time  the  axis  of  the  instrument     At  H  are  two  small  gas 
flames  issuing  firom  circular  apertures,  and  destined  to  illuminate 
the  collodion  plate  on  the  side  next  to  the  observer;  both  are 
fed  fix)m  the  same  source.     The  gas-burner  at  H  consists  of  two 
thin  brass  tubes,  half  an  inch  m  diameter  and  one  inch  long, 
connected  together  bv  a  glass  tube ;  the  circular  apertures  for 
the  flames  are  placed  at  equal  distances  on  either  side  of  the 
spot,  and  as  fsir  from  it  as  is  found  most  advantageous  in  any 
particular  set  of  experiments ;  their  distance  fix)m  each  other  is 
seven  inches.     The  direct  light  fix>m  the  two  flames  is  pre- 
vented fix)m  reaching  the  eye  through  the  observing  aperture, 
by  small  blackened  screens,  the  same  means  being  employed  to 
arrest  it  in  its  course  toward  L.    K  instead  of  two,  only  a  single 
gas  flame  is  employed  at  H,  the  ground  around  the  spot  will  be 
unequally  illuminated,  and  exact  observations  become  impossi- 
ble.    Of  course  the  direct  light  fix)m  these  two  burners  which 
penetrates  through  the  "spot,"  must  not  be  allowed  to  reach 
that  portion  of  the  ground  class  opposite  it;  the  distance  of 
the  flames  apart  must  be  so  cnosen  that  this  becomes  impossible. 

The  light  fix)m  the  movable  burner  on  the  other  side  of  the 
screen  at  L  will  be  used  direct  and  reflected  The  smdl  singk 
movable  burner  which  supplies  it,  is  similar  to  those  already 
described,  and  to  it  is  attached  a  flexible  india-rubber  tube, 
which  is  supplied  firom  the  same  source  that  feeds  H ;  it  is  con- 
nect^ by  a  wooden  column,  (for  the  sake  of  insulating  the  heati) 
to  the  arm  A,  fig.  2. 
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I  pass  now  to  the  joint  support  of  the  arm,  A,  and  of  the 
mirror  to  be  experimented  on.     it  consists  of  a  block  of  brass, 

1 


B,  four  inches  square  (see  figure  2,  which  is  one-third  of  the 
reed  size^ ;  its  under  surface  is  cut  in  such  a  way  as  to  fit  the 
two  parallel  iron  bars  and  to  slide  on  them  easily  but  steadily, 
and  iina  foundation  block  is  farther  provided  with  a  vernier,  V , 
to  read  off  the  distances  on  the  milhmeter  scale.  C  is  a  gradu- 
ated circle  six  inches  in  diameter,  and  is  provided  with  a  clamp 
at  cL  The  hollow  massive  cylinder,  e,  supports  the  arm  A,  and 
also  carries  the  axis  of  the  support  of  the  mirror.  The  screws, 
1,  2,  3,  serve  to  bring  the  mirror  into  its  correct  position ;  it  is 
pressed  against  them^  a  band  of  india-rubber  attached  to  the 
edges  of  the  mirror.  It  will  be  seen  that  owing  to  this  arrange- 
ment, all  the  difierent  parts  have  motions  quite  independent, 
and  yet  by  the  clamping  screws  can  at  any  moment  be  connected. 
Finally,  attached  to  this  stand  is  a  long  light  rod  of  wood,  R, 
reaching  to  the  observer,  and  enabling  him,  by  varying  the  dis- 
tance between  this  movable  piece  and  the  fixed  screen,  to  effect 
compensation. 

Fleocible  Oas  tubes. — It  occurred  to  me  that  by  splitting  a 
stream  of  gas  and  sending  one  portion  to  L,  fig.  1,  the  other  to 
H,  it  would  be  possible  to  secure  a  uniform  ratio  between  the 
two  illuminations,  as  it  would  seem  that  any  cause  which  in- 
creased the  pressure  in  one  of  the  branches  of  the  tube  ouj^ht 
to  be  equally  operative  in  the  other,  so  that  after  a  compensation 
had  been  effected  it  should  be  permanent  In  practice  this  was 
not  found  to  be  the  case;  the  compensation  point  gradually 
shifted  its  position  in  the  course  of  the  evening  away  from  H, 
sometimes  to  the  extent  of  50  or  60  millemeters.  This  difficulty 
was  remedied  by  a  suggestion  from  Mr.  Lewis  Rutherfurd,  who 
suspected  that  the  trouble  came  fix)m  the  unequal  length  of  the 
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two  branches  of  the  supply  tubing,  in  point  of  fact,  on  giving 
them  equal  lengths  ana  diameters,  and  making  the  compensa- 
tions slowly,  so  that  the  branch  attached  to  L  was  not  much 
shaken  or  set  in  oscillation,  this  source  of  error  became  so 
greatly  reduced  as  in  no  way  to  interfere  with  the  observations. 

Mode  of  measuring  the  am/mnt  of  light  reflected  from  a  mir- 
ror.— ^To  adjust  the  apparatus,  it  is  nrst  necessary  that  that  di* 
ameter  of  the  circle  joming  the  0*^  and  180*^  points,  should  be 
made  parallel  to  the  axis  of  the  instrument,  which  is  eflfected 
by  the  use  of  the  vernier  at  X,  fig.  2,  the  circle  is  then  clamped 
Next,  the  vernier  attached  to  the  mirror  is  placed  at  90°,  and 
the  mirror  itself  is  made  to  assume  a  position  at  right  angles 
to  the  axis  of  the  instrument,  by  the  aid  of  its  three  screws, 
and  a  small  gas  flame  placed  on  a  support  which  rests  on  the 
parallel  bars  at  a  distance  of  two  or  three  feet  from  the  mirror, 
it  being  so  contrived  that  the  center  of  this  small  flame  shall 
just  lie  in  the  axis  of  the  instrument  The  mirror  is  adjusted 
till  it  reflects  the  light  of  this  small  flame  back  to  the  eye 
through  the  flame  itself,  securing  thus  the  coUimation  with  the 
desired  accuracy.  The  arm  A  is  then  set  at  any  desired  angle 
with  the  mirror,  and  the  two  clamped  together,  when  it  is  easy 
to  arrange  matters  so  that  the  reflected  light  shall  be  sent  from 
the  mirror  along  the  axis  of  the  instrument  to  the  fixed  screen 
at  G.  The  small  shade  at  S,  fig.  2,  prevents  the  direct  light 
from  reaching  the  same  destination.  After  a  compensation  has 
been  eflfected  with  reflected  light,  the  arm  A  is  made  parallel 
with  the  axis  of  the  photometer  by  the  aid  of  its  vernier,  and 
another  compensation  is  made  with  the  direct  light,  the  small 
shade  being  now  placed  behind  the  flame  so  as  to  be  out  of  the 
way  and  to  prevent  light  fix)m  reaching  the  mirror. 

Mode  of  registering  t^te  observations, — ^These  were  always  ro- 
istered with  a  sharp  point  on  a  slender  fillet  of  paper,  attach^ 
to  the  long  wooden  rod  R  T,  fig.  9,  used  for  moving  the  mirror. 
This  point  was  one  end  of  a  small  lever  placed  at  N,  fig.  L 
In  conseauence  of  this,  at  the  end  of  a  set  of  experiments  two 
groups  01  dots  were  found  on  the  paper,  admitting  of  the  most 
exact  measurement  on  the  following  day.  Before  removing 
the  paper  from  the  rod  two  dots  were  always  made  on  it  in  the 
neighborhood  of  these  groups,  the  corresponding  positions  of 
the  vernier  V,  fig.  2,  being  at  the  same  time  noted  A  glass 
slide,  ruled  with  millimeter  lines,  was  then  to  be  placed  over  the 
detached  fillet  of  paper,  and  the  observations  recorded  in  the 
note-book.  In  the  determinations  given  below,  the  observa- 
tions on  the  direct  and  reflected  light  were  made  alternate,  so 
as  to  avoid  errors  due  to  the  shifting  of  the  compensation  point 


Digitized  by  VjOOQ  IC 


0,  N.  Rood  en  Photamefyie  Experiments. 


151 


Observations  on  the  amount  of  light  reflected  by  a  glass  plate 
silvered  by  Liebig's  process,  the  suver  side  being  iifl<Bd.  The 
light  was  reflected  at  an  angle  of  45^ 


nitUmee  when 
mliTor  wMOMd. 

946 

949 

950 

951 

952 

955 

956 

957 

958 

961 

961 

962 

965 

966 

967 

967 


DtoUnee  Willi 
free  flame. 

1297 
1301 
1802 
1802 
1804 
1305 
1806 
1808 
1309 
1309 
1310 
1812 
1312 
1315 
1318 


16)15828 

957-68 
Correction  191* 


1148-68 


15)19610 

1307-8 
105- 

1202-8 


Result  91-26  per  cent  reflected. 


DliUnee  when 
mirror  wee  need. 

936 

940 

941 

942 

943 

944 

946 

946 

947 

948 

949 

950 

952 

958 

954 

955 

956 

958 

959 

960 

961 

962 

965 


23)21867 


Correction 


960-7 
191- 


1141-7 


DIeUBcewith 
freefleme. 

1286 

1287 

1288 

1288 

1290 

1292 

1292 

1293 

1295 

1296 

1297 

1298 

1298 

13ol 

1303 

1303 

1304 

1305 

1307 

1307 

1307 

1308 

1312 

1812 

1312 

1815 


26)33796 


1299-8 
Ccrrectloo  105- 


1194-8 

Result  91*8  per  cent  reflected. 

These  flgures  are  taken  of  course  directly  from  the  note- 
book, and  in  making  an  examination  of  them  it  is  to  be  re- 
membered that  the  corrections,  191  and  105,  (for  false  positions 
of  the  vernier),  are  to  be  applied  to  each  of  the  distances  in  the 
respective  columns,  before  a  correct  judgment  of  the  closeness 
of  mdividual  observations  can  be  made. 
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When  the  same  mirror  was  used  at  5^,  i  a,  the  light  being 
reflected  &om  it  nearly  perpendioularly,  the  results  given  below 
were  obtained. 


2. 


Dlttonoe 
■Irroriri 

}   955 

958 

958 

958 

960 

962 

962 

963 

963 

965 

965 

969 

970 

971 

972 

973 

977 

977 

980 

983 

983 

21)20324 

967-8 
191 

1158-8 


DIttMioewlth 
free  flame. 

1297 
1304 
1304 
1305 
1305 
1307 
1308 
1310 
1310 
1313 
1313 
1313 
1314 
1314 
1315 
1318 
1318 
1328 


18)23596 

1310-8 
105 

1205-8 


Dtotanoe  when 
mirror  wee  wed. 

954 

955 

956 

957 

957 

958 

958 

961 

961 

962 

962 

963 

963 

964 

965 

967 

968 

969 

972 


19)18272 

961-6 
191- 


1298 
1301 
1302 
1303 
1303 
1304 
1305 
1306 
1307 
1308 
1308 
1309 
1310 
1312 
1312 
1313 
1315 
1316 

18)23532 

1307-4 
105 


1152-6 


1202*4 


Result,  91 '88  per  cent  reflected. 

Result,  92*35  per  cent  reflected. 

In  the  second  part  of  this  paper  I  shall  detail  the  results  of 
several  sets  of  experiments  made  with  a  truly  constant  illumin- 
ation, in  other  respects  the  mode  of  experimenting  being  quite 
similar  to  that  used  in  obtaining  the  above  results,  when  it  will 
be  seen  that  about  two-thirds  of  the  scattering  in  the  figures  was 
due  to  the  shifting  of  the  compensation  point  during  the  experi- 
ments, and  not  to  any  defect  m  the  screen. 

In  the  same  way  experiments  were  made  on  another  mirror 
sUvered  by  Liebig's  process,  the  glass  side  being  used,  with  the 
result  that  out  of  a  hundred  rays  78*01  were  reflected,  the  angle 
being  45^;  while  an  amalgam  mirror  tested  at  the  same  angle 
reflected  only  44  68  per  cent 
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Art.  XVHL — Contributions  to  ^  Chemistry  of  Copper;   by 
T.  Stebry  Hunt,  LLD.,  F.RS.    Part  1. 

[Read  before  the  Ameiieao  Aaeodatioii  for  the  AdvanoemeDt  of  Science  at  Suleni, 

August  26,  1869] 

§  1.  The  reaemblances  between  silver  and  copper  in  its  ca- 
prous  form  have  already  attracted  the  attention  of  chemists. 
The  ordinary  chlorid  of  silver  (argentic  chlorid)  and  the  dichlo- 
rid  of  copper  (cuprous  chlorid)  have  many  properties  in  com- 
mon. Both  of  these  chlorids  are  white,  readily  fusible,  and 
blackened  by  exposure  to  light ;  both  of  them  are  insoluble  in 
water  but  mssolve  in  ammonia  and  in  aqueous  solutions  of 
other  chlorids,  in  which  however  the  cuprous  is  far  more  solu- 
ble than  the  argentic  chlorid.  A  saturated  solution  of  chlorid 
of  sodium  holds  at  90^  Centigrade,  IB^O  per  cent  of  cuprous 
chlorid,  at  40*"  C,  11  7,  and  at  11"",  8*9  per  cent  A  solution 
containing  fifteen  per  cent  of  chlorid  of  sodium  retains  at  90^ 
C,  10*3  per  cent  of  cuprous  chlorid,  at  40°,  6*0  per  cent,  and 
at  14**,  8 '6  per  cent;  wnile  a  solution  with  only  five  per  cent 
of  chlorid  of  sodium  holds  of  the  cuprous  chlorid  at  90®,  2*6, 
and  at  40**  only  11  per  cent  These  determinations  are  from 
single  observations  and  therefore  require  verification.  From 
the  sparing  solubility  of  the  cuprous  chlorid  in  dilute  solutions 
of  cmorid  of  sodium  it  follows  that  the  denser  saturated  solu- 
tions are  copiously  precipitated  by  dilution  with  water,  which 
causes  the  separation  of  white  cuprous  chlorid  in  a  crystalline 
condition. 

§  2.  The  aqueous  solutions  of  the  chlorids  of  calcium,  mag- 
nesium, zinc,  manganese,  cobalt,  ferrosum  and  cupricum,  also 
freely  dissolve  cuprous  chlorid,  and  it  is  probable  that  this 
property  is  shared  by  other  soluble  chlorida  The  strong  af- 
finity of  cuprosum  for  chlorine  enables  cuprous  oxyd  to  decom- 
pose all  the  chlorids  just  named,  with  the  exception  of  those  of 
sodium  and  calcium,  with  separation  of  the  corresponding  oxyds 
and  formation  of  cuprous  chlorid.  In  the  case  of  zmc  and 
manganese,  insoluble  oxychlorids  of  these  metals  are  formed 
at  the  same  time.  These  reactions  require  farther  study,  and 
the  same  may  be  said  of  the  cupric  and  cobaltic  chlorids  with 
cuprous  oxyd.  I  have,  however,  partially  investigated  the  be- 
havior of  cuprous  (Jxyd  with  magnesic  and  ferrous  chlorids, 
and  obtained  the  results  about  to  be  described. 

§  3.  The  cuprous  oxyd  for  these  experiments  was  prepared 
by  gently  heating  a  solution  of  sulphate  of  copper  mixed  with 
cane  sugar  and  an  excess  of  caustic  soda,  until  the  whole  of  the 
copper  was  thrown  down  as  a  bright  dense  cinnabar-red  powder 
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which  was  carefully  washed  and  dried.  A  concentrated  solu- 
tion of  chlorid  of  magnesium  dissolves  this  oxyd  in  the  cold, 
and  more  readily  when  heated,  with  separation  of  hydrated 
oxyd  of  magnesium  and  cuprous  chlorid,  which  latter  is  held 
in  solution  by  the  excess  of  magnesic  chlorid.  By  filtering 
the  liquid  while  hot,  and  washing  with  a  strong  solution  of 
chlorid  of  sodium,  the  hydrate  of  magnesia  may  be  separated, 
and  the  dissolved  copper  subsequently  precipitated  by  metallic 
iron  from  the  colorless  filtrate,  ferrous  chlorid  being  formed. 
Experiment  shows  that  the  reaction  between  the  red  oxyd  of 
copper  and  chlorid  of  magnesium  may  be  represented  as  follows ; 
Cu,0+MgCl=Cu2CH-MgO. 

§  4.  A  solution  of  magnesian  chlorid  nearly  saturated  when 
hot  with  cuprous  oxyd,  and  allowed  to  cool  in  contact  with  the 
precipitated  magnesian  hydrate,  deposits  a  j)ortion  of  orange 
colored  oxyd,  or  perhaps  an  oxychiorid,  which  disappears  as 
often  as  the  solution  is  heated.  The  solid  cuprous  chlorid  is 
moreover  decomposed  when  digested  with  water  and  magnesia, 
hydrated  cuprous  oxyd  and  magnesic  chlorid  being  formed. 
Trtie  double  chlorid  of  cuprosum  and  magnesium  is  however 
stable,  even  in  the  cold,  in  presence  of  magnesian  hydrate,  pro- 
vided a  considerable  excess  of  magnesian  chlorid  be  present 
From  a  filtered  solution  of  cuprous  oxyd  in  chlorid  of  magne- 
sium water  precipitates  a  large  portion  of  the  cuprous  chlorid, 
in  this  case  colored  orange-yellow  from  adhering  oxyd,  due  to 
the  reaction  of  a  little  magnesia,  which  remains  dissolved  or 
suspended  in  the  concentrated  solution  even  after  filtration.  A 
solution  of  magnesian  chlorid  of  specific  gravity  1*23,  retains 
in  solution  at  12®  Centigrade,  about  710  per  cent  of  cuprous 
chlorid.  A  solution  of  magnesian  sulphate  with  chlorid  of 
sodium  may  be  employed  to  dissolve  cuprous  oxyd.  This,  like 
all  similar  solutions  of  cuprous  chlorid,  rapidly  absorbs  oxygen 
from  the  air  and  deposits  a  pale  green  cupric  oxychiorid. 

§  5.  With  ferrous  chlorid  and  cuprous  oxyd  it  might  be  ex- 
pected, from  analogy  with  the  magnesian  salt,  that  we  should 
obtain  cuprous  chlorid  and  ferrous  oxyd,  but  the  reaction  is 
complicated  by  the  tendency  of  the  latter  to  pass  to  the  state 
of  ferric  oxya  When  ferrous  chlorid  in  solution  with  chlorid 
of  sodium  is  heated  with  a  sufficient  quantity  of  cuprous  oxyd, 
the  whole  of  the  iron  is  precipitated  as  ferric  oxyd,  mingled 
with  metallic  copper,  while  cuprous  chlorid  remains  in  solution. 
Experiments  made  with  an  excess  of  ferrous  chlorid  show  that 
one  third  of  the  copper  is  reduced,  while  two  thirds  are  dis- 
solved as  dichlorid.  This  reduction  may  be  effected  directly  by 
ferrous  oxyd ;  if  to  a  solution  of  cuprous  chlorid  in  chlorid  of 
sodium,  we  add  hydrated  ferrous  oxyd  recently  precipitated  by 
an  alkaline  base  and  still  suspended  in  the  liquid,  it  is  at  once 
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converted  into  ferric  oxyd,  with  precipitation  of  metallic  cop- 
per. The  first  stage  in  the  action  of  ferrous  chlorid  on  cuprous 
oxyd  may  be  represented  as  similar  to  that  of  magnesic  chlorid : 
Cu,0  +  FeCl=  Cu,Cl  +  FeO.  In  the  second  stage  CU2CI+ 
8FeO=Cu,  -f  FeCH-Fe,0  3.  It  follows  from  this  that  one-third 
of  the  cuprous  chlorid  formed  in  the  first  stage  is  reduced  to 
the  metallic  state,  and  the  final  result  may  be  represented  as 
follows:  3Cu,0+2FeCl=2Cu,CH-2Cu+Fe,0,. 

A  similar  result  is  obtained  if  ferrous  chlorid  is  added  to  an 
unfiltered  solution  of  cuprous  oxyd  in  chlorid  of  magnesium. 
The  suspended  hydrate  of  magjnesia  in  this  case  liberates  an 
equivalent  of  ferrous  oxyd,  which  reduces  to  the  metallic  state 
one-third  of  the  dissolved  cuprous  chlorid,  in  accordance  with 
the  second  reaction  given  above. 

§  6.  The  reducing  pjower  of  ferrous  oxyd  is  also  shown  with 
cupric  chlorid,  which  is  at  once  converted  by  it  into  cuprous 
chlorid  in  accordance  with  the  equation,  2CuCl  +  8FeO  = 
Cu,Cl  +  FeCl+Fe,03.  The  further  action  of  ferrous  oxyd 
will,  as  we  have  seen,  reduce  the  cuprous  chlorid  to  the  metallic 
state:  in  feet,  2CuCH-6FeO=2Cu+2FeCl+2Fe,0,.  If  re- 
cently precipitated  hydrated  ferrous  0x3rd  or  ferrous  carbonate 
be  added  to  a  solution  of  cupric  chlorid' in  the  proportions  indi- 
cated by  the  last  equation,  tne  whole  of  the  copper  is  separated 
in  the  metallic  state,  mingled  with  ferric  oxjd,  while  ferrous 
chlorid  is  found  in  solution.  The  reaction  with  ferrous  carbo- 
nate, which  requires  a  gentle  heat,  is  accompanied  by  a  violent 
disengagement  of  carbonic  acid  gaa  This  experiment  is  best 
made  by  dissolving  in  water  ferrous  sulphate  and  sodic  carbo- 
nate or  sodic  hydrate  in  the  proportions  required,  and  adding 
thereto  a  solution  holding  the  proper  amount  of  cupric  chlorid. 
Under  certain  conditions  the  cuprous  precipitate  is  brownish- 
black  in  color,  like  that  obtained  by  neatmg  ferrous  chlorid 
with  cuprous  oxyd,  but  more  genendly  it  is  of  a  bright  red 
color,  and  often  coats  the  glass  with  a  mirror-like  film.  A 
warm  solution  of  cupric  chlorid  with  chlorid  of  sodium  at  once 
convei-ts  the  metallic  copper  of  the  precipitate  into  cuprous 
chlorid,  which  is  dissolved,  leaving  behind  only  hydrated  ferric 
oxyd.  When  a  solution  of  ferrous  chlorid  with  chlorid  of 
ammonium  and  excess  of  ammonia  is  added  to  a  solution 
of  a  copper  salt  the  precipitated  films  of  metallic  copper  some- 
times possess  considerable  brilliancy  and  show  a  bluisn  translu- 
cency.  It  is  to  be  remarked  that  although  the  cupreous  precipi- 
tate thus  obtained  is  bright  red  in  color,  that  which  is  produced 
by  boiling  cuprous  oxyd  with  ferrous  chlorid  is  nearly  black. 

§  7.  It  was  long  since  shown  by  Levol  that  hydrated  ferrous 
oxyd  will  reduce  cupric  to  cuprous  oxyd,  and  tnis,  as  we  have 
already  seen,  can  separate  fh)m  its  combinations  ferrous  oxyd, 
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whose  reducing  power  may  be  still  further  exerted  upon  the 
cuprous  combination  thus  formed.  These  facts  serve  to  explain 
the  results  obtained  by  E.  Braun  {Zeitschr.  Chem,^  1867,  p.  568, 
cited  in  Jahresbericht  for  1867),  which  were  not  known  to  me 
at  the  time  of  making  these  experiments.  He  found  that  by 
digesting  cupric  hydrate  or  cupric  carbonate  with  ferrous  sul- 

S)hate  in  solution  tnere  was  obtamed  a  reddish  mixture  of  basic 
erric  sulphate  with  cuprous  oxyd,  formed  apparently  in  accord- 
ance witn  the  equation, 

2FeO,  SO,+2CuO=Cu,0+Fe,03,  2S0,. 
This,  when  boiled  with  a  further  portion  of  ferrous  sulphate, 
became  black  in  color,  and  from  the  small  amount  of  oxygen 

Eent  was  supposed  to  contain  metallic  copper.  By  adding  a 
e  excess  oi  carbonate  of  ammonia  to  a  mixture  of  ferrous 
cupric  sulphates,  Braun  succeeded  in  obtaining  solutions  in 
which  all  the  copper  was  present  in  a  cuprous  form,  and  even 
in  reducing  portions  of  it  to  the  metallic  state,  a  process  which 
we  have  seen  is  complete  when  the  requisite  amount  of  ferrous 
oxvd  is  brought  in  contact  with  the  chlorids  of  copper. 

§8.  In  this  Journal  for  March,  1867,  page  308,1  described 
briefly  the  reaction  between  cupric  oxyd  and  ferrous  chlorid,  ac- 
cording to  the  equation,  8CuO+2FCl  =  FejOj+CuaCl+CuCL 
I  was  not  then  aware  that  the  same  had  been  shown  by  Meyer 
(Berg,  und  Hutt  Zeit,  1862,  182,  cited  by  Kerl).*  Further 
studies  of  this  reaction  have  riven  me  interesting  results.  The 
black  oxyd  of  copper,  even  after  ignition,  is  attacked  by  ferrous 
chlorid  in  the  cold,  but  the  insolubility  of  the  resulting  cuprous 
chlorid  retards  the  action.  If  however  the  ferrous  chlond  be 
mingled  with  a  strong  solution  of  chlorid  of  sodium,  and  heat 
applied,  the  cuprous  chlorid  is  readily  dissolved,  and  the  reac- 
tion is  rapid  and  complete,  the  whole  of  the  iron  separating  as  a 
bulky  readish-brown  precipitate,  provided  three  equivalents  of 
cupnc  oxyd  have  been  taken  for  two  of  ferrous  cnlorid.  The 
greenish  solution  thus  obtained  readily  dissolves  precipitated  me- 
tallic copper,  in  virtue  of  the  cupric  chlorid  which  it  contains, 
and,  unless  a  large  excess  of  chlorid  of  sodium  be  present,  de- 
posits white  crystalline  cuprous  chlorid  by  cooling  or  ty  dilution. 
When  digestea  at  a  temperature  of  50**  Centigrade  with  carbon- 
ate of  lime,  the  greenish  solution  deposits  one-third  of  its  cop- 
per as  a  pale  green  insoluble  cupric  hydro-carbonate,  while  tne 
colorless  filtrate  retains  the  remaining  two-thirds  in  the  form  of 
cuprous  chlorid.  If  a  solution  of  ferrous  chlorid  with  chlorid 
of  sodium  is  digested  with  a  sufficient  excess  of  cupric  oxyd  the 
cupric  chlorid  lormed  unites  with  the  latter  to  form  an  insoluble 
cupric  oxychlorid,  and  only  cuprous  chlorid  remains  in  solu- 
tion. 

*  MetaU.  Huttenkunde,  zi,  588. 
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§  9.  For  tlie  ferrous  cUorid  in  the  experiments  in  §  5  and  §  8, 
a  solution  of  ferrous  sulphate  with  cmorid  of  sodium  may  be 
substituted.  When  cupric  oxyd  is  heated  with  an  excess  of 
ferrous  chlorid,  a  small  portion  of  ferric  oxychlorid  is  produced. 
The  red-brown  precipitate  may  be  washed  free  from  cupric,  cu- 

Srous  and  ferrous  chlorids  by  a  strong  solution  of  chlond  of  so- 
ium,  but  will  then  yield  to  pure  water  a  portion  of  soluble  ferric 
oxychlorid.  By  careful  desiccation  in  a  water-bath  and  subse- 
quent washing  with  dilute  alcohol  the  ferric  precipitate  may  be 
obtained  free  from  chlorid  of  sodium,  and  completely  insoluble 
in  water ;  but  its  composition  appears  to  be  variabla  Of  two 
preparations  the  first  contained  one  equivalent  of  chlorine  for 
eleven,  and  the  second,  one  for  twenty  equivalents  of  iron.  In 
another  experiment  where  fine  oxyd  of  copper  from  the  calcina- 
tion of  malachite  was  dissolved  in  an  excess  of  a  mixture  of  fer- 
rous sxdphate  and  chlorid  of  sodium  at  a  boiling  heat,  it  was  found 
that  for  thirty  equivalents  of  copper  dissolved  there  were  pre- 
cipitated twenty-one  equivalents  of  iron,  instead  of  twenty  as 
rcJjuired  by  the  formula  given  in  §  8 ;  the  additional  equivalent 
being  separated  as  ferric  chlorid  in  union  with  the  ferric  oxyd. 
The  production  of  a  small  and  variable  amount  of  ferric  chlorid 
in  the  above  conditions  is  apparently  due  to  a  secondary  reaction 
between  cupric  and  ferrous  chlonds  in  the  presence  of  ferric 
oxyd ;  20uCl-f  2FeCl  =  Cu,Cl-f  Fe.Clj.  This  point  however 
reouires  frirther  investigation. 

1 10.  The  fecility  with  which  cupric  chlorid  parts  with  one- 
half  of  its  chlorine  and  passes  into  the  more  stable  cuprous 
compound  is  shown  by  its  well  known  power  to  chloridize  not 
only  metallic  copper,  but  metallic  silver  and  even  sulphid  of 
silver.  Its  action  on  cuprous  sidphid  is  not  less  remarkabla 
A  strong  solution  of  cupnc  chlorid  mingled  with  chlorid  of  so- 
dium rapidly  attacks  pulverized  copper-glance,  even  in  the  cold, 
sulphur  being  separated  and  cuprous  chlorid  formed ;  2CuCl+ 
Cu,S  =  2Cu,Cl+S.  Chalcopyrite,  on  the  contrary,  is  but 
slightly  acted  ujxm  by  such  a  solution,  which,  however,  slowly 
takes  up  a  portion  of  iron,  forming  ferrous  chlorid  with  a  corres- 
ponding amount  of  cuprous  chlond. 
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Abt.  XIX.-  -Notice  of  a  recent  Land-slide  on  Mount  Passacona- 
way ;  by  Geo.  H.  Perkins,  PLD.,  Prof  Zoology  and  Gteol- 
ogy,  University  of  Vermont 

The  name  Passaconaway  is  given  to  a  somewhat  extended 
mountain  in  Grafton  county,  New  Hampshire,  twenty  miles 
northeast  of  Plymouth,  and  about  the  same  distance  southwest 
of  Mount  Washington.  It  consists  mainly  of  three  conical  peaks 
of  nearly  equal  height,  which  form  a  group  at  the  southern 
end,  ana  of  a  high  ridge  running  several  miles  northeast  A 
much  smaller  ridge  stretches  in  a  southerly  direction.  During 
the  great  rain  of  October  4th,  there  was  an  unusually  large 
land-slide  upon  the  southwestern  slope  of  the  most  southern 
of  the  three  nighest  summita  The  light-colored  streak  down 
the  mountain  side,  which  marked  the  course  of  the  slide,  could 
be  distinctly  seen  for  more  than  fifty  miles.  It  was  at  this 
distance  that  I  first  saw  it,  two  weeks  after  its  occurrenbe,  and 
with  my  friend  Rev.  M.  T.  Runnels  of  Sanbomton,  set  out  to 
examine  it  At  Campton  we  were  joined  by  Mr.  Chas.  Cutter, 
to  whose  knowledge  of  the  region  and  general  kindness,  much  of 
our  success  was  due.  From  Campton  a  ride  of  ten  miles  in  a 
northeasterly  direction  up  Mad  River  valley  brought  us  to 
Waterville ;  thence  we  proceeded  on  foot  Afl»r  wsuking  two 
or  three  miles  we  reached  a  level  clearing  of  fifty  acres  through 
which  Mad  river  runs,  here  only  a  few  yards  acrosa  This 
space  was  covered  with  great  heaps  of  logs,  some  of  them  very 
large,  brought  down  fix)m  the  d^ris  of  the  slide  during  the 
fireshet  that  attended  or  followed  it  That  they  came  from  the 
slide  was  very  evident,  for  nearly  all  were  broken  as  if  sud- 
denly snapped  in  two,  many  had  one  or  both  ends  crushed  to 
splinters  so  fine  that  they  seemed  like  great  brushes,  and  all 
were  entirely  stripped  of  foliage  and  of  most  of  the  smaller 
branchea 

These  logs  were  mainly  spruce,  and  some  were  fifty  to  sixty 
feet  long,  and  one  to  two  feet  in  diameter.  They  were  piled 
up  in  great  confusion  to  the  height  of  fifteen  or  twenty  feet 
Subsequent  investigation  showed  that  this  was  at  least  three 
miles  below  the  terminus  of  the  slide.  Nowhere  else  was  there 
such  a  mass  of  timber  as  here,  nor  any  where  else  was  the 
ground  so  favorable  for  such  an  accumulation ;  for  elsewhere 
me  banks  of  the  stream  were  high  and  rocky,  and  not  more 
than  eight  to  twelve  rods  apart 

The  whole  mountain  is  covered  to  the  very  top  with  a  forest 
of  spruce,  and  to  reach  the  slide  most  easily  we  followed  the 
bed  of  the  stream  along  its  side.  At  short  intervals  were 
piles  of  logs  more  or  less  broken,  by  which  the  stream 
had  evidenUy  been  in  several  places   completely  dammed. 
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Trees  on  the  banks  twenty  feet  or  more  above  the  water  were 
scarred,  rubbed,  and  even  uprooted,  by  those  borne  on  the 
current  of  the  swollen  stream.  A  toilsome  walk  brought  us  to 
the  foot  of  the  slide  which  lay  directly  in  the  bed  of  the 
stream.  This  side  of  the  mountain  is  quite  steep,  and  in  out- 
line regularly  triangular.  Its  height  is  about  four  thousand  two 
hundred  feet 

The  slide  commences  forty  rods  from  its  summit,  and  a  little 
to  one  side  of  the  highest  point  At  the  outset  it  is  very  nar- 
row, being  not  more  than  a  rod  wide ;  a  narrow  tongue  runs 
above  this,  however,  for  a  short  distance.  For  fifty  or  sixtjr 
rods  the  increase  in  width  is  very  gradual  The  inclination  is 
very  steep,  appearing  almost  perpendicular  and  probably  not 
less  than  fifty  to  sixty  degrees.  For  the  next  hundred  rods 
the  width  increases  more  rapidly.  A  himdred  and  thirty  rods 
fix)m  the  top  the  widest  part  is  reached.  Here  the  sides  bend 
gradually  outward  and  the  width  is  twenty-five  to  thirty  rods. 
From  this  point  the  sides  b^in  slowly  to  approach  each  other, 
and  thirty-six  rods  below,  a  hundred  and  filty-six  from  the  top, 
the  width  is  nearly  seventeen  rods.  The  course  from  the  top 
to  this  point  is  in  a  direct  line,  but  here  a  curve  toward  the 
northwest  begins  and  ends  ei^ty  rods  below,  nearly  at  a  right 
angle  with  the  main  axi&  The  whole  length  is  nearly  two 
hxindred  and  forty  rods,  and  the  outline  is  fusiform,  with  the 
lower  end  curved  to  one  sida  Directly  across  the  line  of  the 
main  axis  a  few  rods  from  the  foot  of  the  moimtain  runs  a  high 
ridge.  Instead  of  striking  this,  as  would  have  been  expected, 
the  slide  b^ins  to  turn  nearly  a  hundred  rods  above,  and 
when  within  twenty  rods  is  idmost  parallel  with  it  There 
seems  to  be  no  reason  why  sand,  rocks  and  d^ris  of  all  sorts 
should  not  have  been  thrown  against  this  ridge ;  indeed  there 
is  every  reason  why  they  shoiud  have  been.  Yet  the  space 
between  it  and  the  slide  is  singularly  free  from  such  material 
There  is  undoubted  evidence  that  one  or  more  watercourses 
ran  down  the  mountain  before  the  slide,  and  probably  did 
much  to  cause  it  These  streams,  which  form  part  of  the 
source  of  Mad  river,  must  have  been  very  inconsiderable, 
and  yet  the  mass  of  rock  and  sand  seems  to  have  been  K^dea 
by  tnem  in  its  downward  course.  It  appears  incredible  that 
so  great  a  mass  moving  with  power  and  velocity  enough  to 
snap  off  hundreds  of  great  trees,  crushing  many  of  them  to 
splinters,  and  piling  up  such  heaps  of  d6bns,  could  be  directed 
by  such  small  watercourses,  but  the  facts  indicate  it 

There  has  for  a  long  time,  been  the  track  of  a  former  slide 
down  a  part  of  the  surface  covered  by  the  more  recent  one,  but 
it  was  very  small  Contrary  to  our  expectations  the  side  of 
the  mountain  over  which  tne  slide  passed,  was  not  bare  rock 
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Stripped  of  surface  material  Only  in  two  places,  bodi  small 
in  extent,  was  the  rock  foundation  of  the  mountain  exposed. 
One  of  these  was  at  the  top  where  the  slide  seemed  to  have 
started  from  a  ledge,  the  other  was  a  little  less  than  half-way 
down,  and  reached  entirely  across  the  track  of  the  slide. 
With  these  exceptions  the  whole  surface  was  covered  with  a 
loose,  coarse  Band  or  gravel,  consisting  entirely  of  comminuted 
rock,  increasing  in  depth  from  top  to  Dottom  and  very  loosely 
compacted.  Tne  thickness  of  this  loose  material  was  shown 
along  the  sides  of  several  small  streams  that  were  running 
down  the  slide,  which,  at  the  time  of  our  visit,  the  20th  of 
October,  had  cut  entirely  through  it,  and  ran  over  the  solid 
rock  beneath.  Near  the  top  the  ground  was  moist  but  there 
were  no  streams ;  these  began  twenty  or  thirty  rods  farther 
down.  At  the  top  of  the  slide,  the  surface  sand  was  only  a 
few  inches  deep ;  below  the  second  exposure  of  rock  it  was 
between  one  and  two  feet;  at  the  widest  part,  a  hundred 
and  thirty  rods  from  the  top,  it  was  from  six  to  eight  feet ;  a 
hundred  and  fifty  rods,  it  was  nine  to  ten  feet,  and  at  the  bottom 
fifteen  to  twentv-five,  and  in  some  places,  even  thirty  feet  deep. 
At  this  point  the  slide  seemed  to  have  suddenlv  stopped,  for 
there  was  no  gradual  diminution  in  thickness  below  it 

How  much  of  this  coarse  gravelly  sand  originated  with  the 
slide,  being  ground  by  it  from  larger  rocks ;  and  how  much 
existed  before  as  surface  soil  disintegrated  from  the  solid  rock, 
I  could  not  estimate.  The  sand  was  pure  syenite  and  contained 
no  trace  that  I  could  find,  of  any  vegetable  mold.  From. an 
examination  of  the  banks  of  Mad  river  below,  and  of  the  soil 
by  the  side  of  the  slid^,  I  am  convinced  that  the  greater  part 
was  produced  by  the  disintegration  and  falling  to  meces  of  the 
mountain's  rocK,  and  so  existed  before  the  slide,  and  was 
carried  €dong  and  heaped  up  by  it  The  mountain  is,  so  £Eur  as 
I  could  learn,  wholly  composed  of  light  gray,  rather  coarse 
syenite,  which  appeiured  to  oisint^rate  very  rwfcdily,  as  I  bslw 
large  masses  that  could  easily  be  pulverized.  A  mile  below 
tiie  slide  there  were  extensive  layers  of  black  homblendic  rock, 
and  in  one  place  the  syenite  was  crossed  by  trap  dikes,  fit>m 
an  inch  to  a  foot  in-  thickness.  Some  of  these  dikes  forked 
several  times,  others  crossed  each  otiier  in  the  form  of  a  letter 
X,  and  some  varied  greatly  in  thickness  along  their  course.  A 
few  broken  crystals  of  rose-purple  quartz,  an  inch  or  more  in 
diameter,  were  found  among  the  d^ris.  But  the  only  rock  in 
place  along  the  course  of  the  slide  was  the  syenite. 

Scattered  all  over  the  surface  of  this  loose,  sandy  material, 
were  masses  of  syenite,  of  various  sizes  though  none  were 
very  large.  These  were  angular,  and  appeared  to  have  been 
reoently  broken.    They  were  undoubtedly  fragments  of  large 
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masses  broken  by  the  slida  Besides  these,  there  were  a  few 
well  worn  boulders  of  syenite,  quartz,  and  hornblende  rock, 
some  of  which  were  near  the  t^ 

All  the  trees  that  had  stood  on  the  ground  now  occupied  by 
the  d^ris  of  the  slide,  were  carried  away  or  buried  up,  only  a 
Terr  few  bare  logs  remaining  in  sight 

Along  the  sides  of  the  slide  the  forest  was  full  of  uprooted, 
bruised,  and  broken  trees. 

The  upper  part  of  the  slide  was  much  more  rugged  and 
covered  with  a  greater  mass  of  broken  rocks  than  the  lower. 
Ovet  the  widest  portion  th^re  were  few  rocks  on  the  surfece, 
which  was  smootn  and  level  as  if  rolled.  Below  this  it  was 
rougher  but  not  as  much  so  as  abova 

Tne  appearance  of  the  sur&ce  was  the  same  in  all  parts. 
Its  ixAor  was  a  li^ht  vellowish  brown,  and  at  a  little  distance  it 
closely  resembled  a  neld  lately  ploughed  and  harrowed. 

It  is  the  contrast  of  li^ht  color  with  the  dark  green  of  the 
fl^ruce  forest  around  it  tnat  causes  the  slide  to  be  so  distinctly 
visible  at  long  distancea  As  is  stated  above,  the  upper  portion 
of  the  slide  is  very  steep,  but  after  the  first  fifhr  rods  the  angle 
of  iiicIinati<Mi  is  less,  and  just  above  the  wiaest  part  it  is  not 
more  than  twenty-five  degrees.  Below  it  is  not  more  than 
fifteen  d^rees. 


Abt.  XX.— On  the  Silver  Mines  of  Scmta  JEhilalia.  State  of  Chi- 
huahua^  Mexico ;  by  Jahss  P.  Kimball,  PLD. 

Thb  silver  mines  of  Santa  Eulalia  were  among  the  earliest 
nmieral  discoveries  of  the  Spaniards  in  Northern  Mexico. 
Don  Jesus  Inocente  Irigoven  of  Cusihuiriachic,  a  good  anti- 
quarian authority,  states  tnat  the  year  of  discovery  was  169L 
The  cmly  available  official  roister  of  their  performance,  how- 
ever, goe&  back  no  farther  thw  1705,  but  mentions  their  dis- 
coverv  in  1708 — ^twelve  years  after  the  city  of  Chihuahua  was 
founded,  according  to  the  date  given  by  Dr.  Wislizenus.  From 
1705  to  1787,  they  produced  6,588,600  marcs,  or  an  average 
of  1,988,908  dollars  of  silver  per  annum.  Up  to  1791,  during 
a  period  of  ei^h^-six  years,  tneir  acknowledged  production  of 
lirver,  of  whkm  the  qmnio^  or  king's  fifth,  was  paia  to  the  royal 
exchequer,  was  11,908,126  marcs,  or  nearly  one  htmdred  and 
twelve  mHUons  of  dottarSf  and  their  entire  production  from  one- 
fifth  to  one-third  mora  At  this  period  the  district  had  a  popu- 
lation of  6000,  and  supported  sixty-three  reduction  estaDlish- 
ments  with  one  hundred  and  eighty-eight  smelting  furnaces  of 

Am.  Joub.  Sol— 49B0O1ID  SsBni,  Vol.  XUX,  No.  148.— IUrov,  ISTd 
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the  type  known  as  the  Mexican  Jiomo,  and  sixty-five  cupelling 
furnaces ;  while  a  number  of  similar  establishments  in  the  city 
of  Chihuahua  were  also  kept  running  on  ores  from  this  district 
The  depredations  of  the  savages,  which  until  comparatively 
quite  recently  have  always  seriously  interfered  with  mdustrial 
pursuits  in  iTorthem  Mexico,  became  so  grievous  during  the 
last  five  years  of  the  past  century  that  the  district  was  grad- 
ualljr  abandoned-*  Indian  hostilities  were  soon  followed  by 
political  troubles,  including  the  war  with  Spain  and  the  pro- 
scription of  the  Spaniards.  During  the  present  century,  opera- 
tions at  the  hands  of  the  Mexicans  have  never  b^n  fuUy 
resumed.  Yet  shallow  workings  have  continued  to  fumisn 
ores  to  a  small  number  of  fiirnaces,  which  to  a  considerable 
extent  have  also  made  use  of  the  d^ris  of  former  operations. 
At  present  ten  blast  furnaces,  each  of  a  capacity  of  2500  to 
8000  lbs.  of  ore  per  day,  are  in  operation,  their  small  supply 
of  ore  being  drawn  fix)m  the  older  as  well  as  lihe  newer  mines. 
The  fi'esh  ore  fix>m  the  mines  as  charKed  to  the  furnace,  is 
eked  out  with  the  settlings  of  the  old  slag  heaps,  and  coarse 
refuse  fix)m  old  workings,  extracted  fix)m  the  ory  bed  of  the 
creek  which  in  time  of  rain  courses  through  the  mining  village 
of  Santa  Eidalia.  As  in  old  times,  for  the  sake  of  mutual  pro- 
tection, the  reduction  works  of  the  district  are  still  all  collected 
here,  alon^  with  the  dwellings  of  the  miners  and  smelters,  who 
number  with  their  fiunilies  some  700.  Recollections  with  the 
old,  and  traditions  with  the  young,  still  fill  the  minds  of  the 
dwellers  in  this  narrow  valley  with  dread  of  the  Apache,  who 
even  now  is  occasionally  found  lurking  among  these  mountains, 
and  of  whose  hiding  all  have  been  taught  to  be  wary  when 
moving  about  alone. 

The  viUage  of  Santa  Eulalia  is  fifteen  miles  east  of  the  city 
of  Chihuahua,  across  the  expansive  champaign  valley  of 
Tabalopa.  This  city,  the  capital  and  social  center  of  the  state 
of  the  same  name,  and  containing  some  20,000  inhabitants, 
attained  its  importance  mainly  through  the  silver  industry  of 
Santa  Eulalia,  m  the  period  of  whose  prosperity  it  had  a  popu- 
lation of  70,000.  Chihuahua  afforded — ^wnat  have  ever  been 
lacking  at  Sta.  Euldia — ^water  and  space  for  the  dressing  and 
reduction  of  ores ;  and  to  the  city  therefore  was  brought  and 
smelted  a  large  portion  of  them.  Immense  heaps  of  slag, 
twenty  in  number,  on  the  outskirts,  attest  the  extent  of  work 
done  there  during  the  last  century,  while  the  imposing,  and  in 
some  respects  admirable,  cathedral  of  the  city  is  a  monument 
to  the  mmes  of  Santa  Eulalia,  it  having  been  bmlt  out  of  a 
fund  raised  by  the  tax  of  one  real  per  marc  of  silver  coined, 

*  Manuscripts  and  certificates  in  No.  66,  folio  36,  state  arduyes.  See  also 
Ward's  Mezioo,  Ist  edit,  vol  ii,  p.  129,  (2d  edit,  i,  p.  iM). 
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and  which,  continued  for  sixty-two  years,  ending  in  1789, 
amounted  to  800,000  dollars  * 

The  Sta.  EulaUa  mountains  are  a  portion  of  a  long  range 
trending  N.R — S.W.,  one  of  a  system  of  parallel  ranges, 
which,  separated  by  champaign  valleys  or  valley-plains,, charac- 
terize the  topography  of  the  sloping  margin  of  the  Grand 
Sierras,  and  as  mucn  at  least  of  the  state  of  Chihuahua  as  lies 
north  of  the  28th  parallel,  and  east  of  Concepcion — ^beyond 
which  limits  my  experience  does  not  extend.  The  range  lies 
between  the  broad  and  fertile  valley  of  the  Conchos  on  the  east, 
and  the  narrower  valley-plain  of  Tabaloj)a  on  the  west  Access 
to  the  village  and  mines  of  Sta.  Eulalia  is  fix>m  the  latter.  The 
village  lies  two-and-a-half  miles  fix>tn  the  plain  up  the  moun- 
tain stream  of  the  same  name,  at  the  foot  of  the  nigher  hills, 
in  which,  at  distances  of  two  to  five  miles,  the  mines  are 
situated,  and  which  are  crossed  only  by  bridle-pathaf  The 
mining  ground  is  embraced  within  the  area  of  an  uplift  of 
the  Cretaceous  fossiliferous  limestone,  imparting  toward  the 
center  of  it  gentle  quaquaversal  dips.  This  is  a  prolongation 
of  the  narrow  contmuous  elevation  of  this  fprmation,  reaching 
to  the  Bio  Gbande  in  an  axis  parallel  to  the  Conchos  river,  and 
a  part  of  the  same  formation  which  in  Texas  comes  to  the  sur- 
fiice  in  the  Bio  Gbande  basin,  at  least,  between  the  28th  and 
Slst  parallels,  except  in  mountainous  localities,  or  in  the  case 
of  stratigraphical  depressions,  where  an  upper  and  metamor- 
phosed member  of  the  same  formation  (a  porphyritic  quartzite) 
Enown  in  Mexico  as  caniera,  caps  the  summits.:|:  In  Mexico, 
under  similar  conditions  of  superposition  of  the  latter,   the 

*  State  arohiyea  Ward  erroneouslj  states  this  tax  to  have  been  eolleoted  dur- 
ing nine  years  pending  the  last  InmanMa,  ii,  p.  681.  (2nd  edit,  p.  306). 

Aocostomed,  as  of  &te,  we  haye  beoome  to  the  uff  hi^er  returns  of  not  larger 
groope  of  sflver  mines,  it  is  easy  to  pass  over  the  Aill  significance  of  the  oompara- 
imHj  low  figures  of  early  q[)erations  in  northern  ICezioo,  unless  we  are  mindfm  that 
it  is  to  the  availableness  of  mechanical  appliances,  that  our  great  production  of 
nlyer  is  more  to  be  ascribed  than  to  the  number  or  superiority  <?  recent  discoveries. 
What  account  of  the  GomstodE  lode  by  this  time  should  we  have  were  its  mines, 
as  in  the  case  of  those  of  northern  Mexico  during  the  period  of  their  aotiyi^, 
without  other  than  the  rudest  iron  or  steel  implements,  wUhout  powder,  except  m 
rare  cases  of  a  foreign  stinted  supply,  with  only  the  adobe  homo  for  smelting,  and 
the  Mttte  oBto  for  amalgamation ;  and  contmuaUyharrassed  by  Indians?  Althou^ 
■applies  are  no  longer  quite  out  of  reach,  the  mines  to-day  are  wcffse  off  than  dur- 
ing the  last  century,  for  most  of  them  have  reached  a  point  where  have  become 
necessary  mechanical  appliances,  with  which  the  Mexicans  are  entirely  unao^ 
quainted.  They  continue  to  suffer  the  want  of  whai  addbe^  raw-hide,  and  wood  will 
not  supply,  following  the  practice  of  the  Spaniards,  which  in  their  hands  has  rather 
retrograded  than  advanced.  The  silver  industry  of  Chihuahua  at  present  amounts 
to  little  mom  than  cleaning  up  the  rubbish  of  former  workings. 

f  For  a  pi^ular  and  graphic  account  of  this  picturesque  mining  district,  see  an 
arttde  by  Qen  Lew.  WaDaoe  in  Hamper's  Montiily,  Nov.,  1867. 

I  See  notes  on  the  Oeolpgy  of  Western  Texas  and  Ohihuahua,  by  the  writer, 
tills  Jour.,  xlviii,  p.  878. 
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Ctetaceous  fossiliferous  limestone,  with  local  liUiological  differ- 
ences, is  the  prevailing  formation  of  the  Bio  Grande  and  Con- 
chos  basins,  where,  as  seems  likewise  to  be  the  case  in  Texas, 
within  the  deyelopment  of  the  cantera  it  sustains  thron^ont 
a  metalliferous  character.  The  mineral  deposits  of  Sierra  Kica, 
Cuchillo  Parado,  the  Chupaderos,  and  the  Chorreras  in  Chi- 
huahua are  all  contained  in  it  In  the  Santa  Eulalia  moun- 
tains is  its  most  westerly  deyelopment  in  any  great  prominence 
above  the  valley  plains,  though  seventy-five  imles  still  furth^ 
west,  a  limestone  is  said  to  form  the  low  base  of  the  Sierra  de 
Magistral,  where  it  is  likewise  metalliferous,  and  where,  going 
west,  it  is  last  seen.  In  the  Santa  Eulalia  mountains,  the  same 
as  in  other  localities  named,  the  cantera  caps  the  higher  eleva- 
tiomL  This  name  is  applied  in  Northern  Mexico  to  the  bleached 
portion  of  an  essentiallv  alumino-siliceous  rock,  generally  mc»e 
or  less  metamorphosed  and  ferruginous,  and  occurring  in  a 
ffrcAt  vuriety  of  colora*  As  elsewnere  explained,  it  is  to  the 
disintegration  of  this  rock  that  the  accumulation  of  soil  in  the 
valleys  is  due,  as  well  as  their  peculiar  conformation.t 

AUowin^  for  eipsion,  the  mines  of  Santa  Eulalia  may  strictly 
be  said  to  be  grouped  in  a  single  great  boss  of  the  Cretaceous 
limestone  strata,  gullied  or  scored  by  water-courses  which  im- 
part to  all  portions  of  it  a  rugged  and  precipitous  config^iration. 
There,  as  elsewhere  throughout  the  development  of  the  fossil 
iferous  limestone,  the  water-courses  have  cut  bold,  almost  per- 
pendicular, escarpments  in  which  the  strati^cation  is  very 
plainly  marked-  In  this  district  the  dips  are  firom  5**  to  15  , 
and  fix«n  a  point  near  the  Vieja  mine  are  quaquaversaL  The 
ravine,  Arroyo  de  Dolores,  wmch  takes  its  name  from  the  old 
mine  of  Dolores,  at  its  head,  has  been  cut  through  the  crest  of 
ike  limestone  uplift,  and  thus  exhibits  in  ste^  mural  escarp- 
ments a  partial  thickness  of  the  formation  of  400  to  600  feet 
Its  true  thickness,  however,  has  never  been  revealed.  The 
oldest  and  most  extensive  mines  are  in  this  ravine,  including 
the  deep  ones  of  Dolores,  Yieja,  Aguada,  and  the  shallow  or 
cavernous  workings  of  Parcionera,  San  Jos^  and  San  Matia& 
The  distance  of  Arroyo  de  Dolores  fix>m  the  village  is  some 
tiiree  miles,  horizontal,  from  four  to  five  topographicfu. 

As  the  limestone  uplift  or  boss  expires,  the  summit  cantera, 
a  few  remnants  of  wmch  cap  the  limestone  hills,  sets  in,  and 
within  a  couple  of  miles,  becomes  the  main  formation,  and 
forms  the  body  of  tiie  rai^e.  No  limestone  appears  in  the 
Puerto  de  Dolores,  seven  miles  to  the  north,  where  the  San 
Diego  and  Chihuahua  road  crosses  the  Sta.  Eulalia  range ;  and 
in  the  ^^^1^®  o^  Sta.  Eulalia,  it  has  already  declined  bdow  tiie 
sui^e.    The  overlying  cantera  presents  a  greater  development 

*  Thii  Joomal,  xo^  p.  380.  f  Ibid,  p.  381. 
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in  the  sturroonding  hills,  which  rise  to  the  height  of  some  800 
feet  above  the  plain. 

A  curious  lithological  phenomenon,  though  in  a  less  coii«- 
spicuous  way  not  imcommon  in  other  localities  which  I  visited 
in  Chihuahua,- is  a  formation  of  conglomerate  which  is  found 
on  all  the  slopes  of  the  district,  and  which  iucases  the  lowa^ 
and  middle  portions  of  the  hills  like  a  shell*  This  has  evi- 
dently been  formed  by  carbonated  calcareo-magnesian  iafiltra- 
ticms,  snringing  from  the  summit  cantera ;  and,  penetrating  the 
fine  ana  coarse  detritus  of  the  surface  alike,  have  cemented  it, 
and  thus  produced  all  the  gradations  from  a  fine  friable  sand- 
stone to  a  coarse  breccia.  The  village  rests  upon  it  In  the 
main  street  it  is  distinctly  bedded,  and  cleaved  by  joints.  No- 
where is  it  found  entering  into  the  interior  structure  of  the  hills, 
and  no  traces  of  it  are  found  in  steep  places.  Yet  cursory 
observation  might  dispose  the  traveler  to  assume  die  main  body 
of  the  mountains  to  be  made  up  of  this  formation. 

The  mineral  deposits  of  Santa  Eulalia  are  uniqua  The 
only  instance  of  a  vein  formation  brought  to  mv  notice  in  the 
region  is  in  the  Santo  Domingo  mine.  All  the  rest  of  the 
deposits  are  more  or  less  irregular,  and  in  a  variety  of  modes  of 
occurrence,  are  contained  in  me  nearly  horizontal  fossiliferous 
strata  (Cretaceous).  All  the  strata  above  water  level  are 
exceedingly  cavernous.  In  nearly  all  of  the  workings,  caves, 
entirely  ^ut  off  fix>m  the  surfiace  have  been  enoounter^  Some 
of  these  are  of  enormous  size.  The  sreat  cave  of  the  Parcionera 
and  San  Jos^  mines,  is  said  to  be  hme  enough  to  hold  the 
cathedral  of  Chihuahua.  Though  unable  to  explore  its  height, 
or  to  illumine  its  roof,  I  am  disposed  to  believe  this.  Drusy 
cavities  or  vugs  of  all  sizes,  are  the  smaller  exhibitions  of 
the  same  prevailing  cavernous  character.  These  latter  yield 
excellent  pockets  of  ora  Rich  bonanzas  have  been  got  from 
chambers  m  the  walls  of  the  large  cave&  The  ores  which  are 
mainly  the  chlorid  and  sulphids  of  silver,  argentiferous  galena 
and  salts  of  lead,  together  with,  (though  of  rarer  occurrence,) 
the  chloro-bromid  (embolite)  and  iodid  (iodyrite)  of  silver,  are 
very  ferruginous,  to  which  circumstance  they  owe  their  fiiable 
character,  and  also,  to  a  considerable  degree,  the  spaces  in 
which  they  have  been  deposited.  Courses  of  ore  are  always 
marked  by  ferruginous  stains,  which,  properly  considered,  are 
s^egations  of  mineral  matter,  sometimes  following  cleavages 
and  joints,  and  sometimes  planes  of  bedding,  and,  again,  some- 
times reticulating  solid  beds,  and  in  all  these  modes  of  occur- 
rence, without  order  or  defined  limits.  A  bed,  or  a  num- 
ber of  beds,  of  the  limestone,  in  places  may  be  thoroughly 
webb^  with  such  s^regations  of  so  dedded  a  character  as  to 

*  This  Joor.,  xlyiii,  p.  882. 
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impart  a  concretionary  appearance,  or,  as  if  limestone  breccia 
were  cemented  by  ferruginous  ora  In  such  places  the  beds,  are 
not  brecciated,  but  thus  strikingly  indicate  tne  energy  of  disin- 
t^rating  and  s^regating  action  under  the  decomposition  or 
oxydation  of  iron  Milts  (probably  proto-carbonate)  originally 
Qontained  in  the  limestone,  together  with  diffiised  salts  of  silver. 
These  ferruginous  portions  always  afford  good  mining  ground. 
As  some  of  them  are  very  extensive,  and  as  their  distribution 
is  irregular,  their  excavation  results  in  large  and  rambling 
chambers,  generally  ranging  through  a  number  of  the  heavy  beds 
of  limestone.  Such  chamoers  are  often  continuous  wim  nat- 
ural caverns,  together  forming  underground  spaces  scarcely  less 
imposing  than  the  most  not^  caves  that  excite  the  wonder  of 
tourists. 

The  mines  of  Santa  Eulalia  are  scattered  all  over  the  great 
limestone  uplift,  and  along  the  deep  ravines  which  have  scored 
it  All  are  comprised  witnin  an  area  of  some  five  square  mOea 
In  the  hillsides  they  consist  mostly  of  horizontal  workings,  and 
occupy  different  strata  from  top  to  bottom.  Shafts  ana  deep 
workings,  which  are  few  and  ancient,  are  located  both  in  the 
hills  and  ravines.  Accessibility  of  the  mines  is  determined  by 
the  topographical  configuration  of  the  mining  ground,  the  pri- 
mary form  of  which,  before  modified  by  erosion,  it  is  important 
to  keep  in  view.  As  they  are  reached  from  the  village  by 
three  different  trails,  I  will  describe  them  in  as  many  separate 
groups,  as  foUows :  the  fkmio  Domingo  group^  comprising  the 
worlanffs  in  the  same  cation  as  the  Santo  Domingo  mine,  and 
of  which  this  mine  is  the  principal ;  the  Dolores  group,  or  those 
in  the  cafion,  at  the  head  of  which  is  the  old  Dolores  shaft ;  and 
the  Ghiadalupe  group,  comprising  the  workings  on  the  summit 
and  S.  W.  flank  of  the  limestone  ridge,  which  forms  the  divide 
between  the  Dolores  Cafion  on  the  northwest,  and  on  the  south- 
east— ^the  waters  of  the  arroyo  in  which  is  the  village  of  Santa 
Eulalia. 

Santo  Domingo  Group. — The  Santo  Domingo  and  neighbor- 
ing mines  are  two  mOes  north  of  the  village,  up  near  the  head 
of  a  deep  ravine,  in  both  sides  of  which,  at  different  elevations, 
they  have  their  entrancea  As  this  locality  is  about  one-and-a- 
half  miles  to  the  southeast  of  the  axis  of  the  boss,  the  dip  of 
the  formation  is  seen  rapidly  declining  in  the  ravine  toward  its 
mouth,  and  the  overlying  cantera  is  mus  brought  down  so  as 
to  form  the  body  of  the  hills.  The  limestone  altogether  dis- 
appears fix)m  above  the  bed  of  the  ravine  within  a  few  himdred 
yards  south  of  the  Santo  Domingo  mine,  where  the  cantera  sets 
m  and  forms  the  surface.  The  town  is  really  on  the  horizon 
of  this  formation,  though  the  surface  is  immediately  overspread 
by  the  cemented  rubble  above  described.    The  hills  on  either 
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side  of  the  defile  in  which  the  village  is  situated,  rising  as  they 
do  some  700  feet  above  it,  are  both  topographically  and  strati- 
graphically  the  highest  elevations  in  the  aistrict  They  are 
maae  up  wholly  of  cantwa  distinctly  and  nearly  horizontally 
stratifiM,  and  in  different  zones  weathering  ^th  a  variety  of 
colors.  They  have  mesa  tops,  and  present  to  the  broad  valley- 
plain  of  Tablalopa  bold  escarpments  flanked  by  low  foot-hills. 

The  Santo  J^omtngo,  old  and  present,  are  deep  workings 
entering  the  limestone  boss  on  the  west  side  of  the  ravine. 
The  ola  mine,  now  abandoned  and  dismantled,  consisted  of  a 
abaft  located  so  high  on  the  hillside  that  it  must  have  pierced 
one  hundred  feet  of  cantera  before  striking  the  limestone. 
The  present  mine  is  some  500  yards  further  up  the  ravine,  and, 
at  an  elevation  above  its  bottom  of  some  120  feet,  goes  down  in 
a  bed  of  fossiliferous  limestone  some  30  feet  from  the  top  of 
the  formation,  the  division  being  plainly  indicated  by  a  l^ige 
of  cantera  above  the  entrance  of  the  mine.  Its  depth  is  about 
400  feet  This  is  reached  by  an  irregular  descent,  the  only 
thorough£ure,  in  which  passage  is  laboriously  effected  partlyby 
means  of  ladders,  and  partly  by  footholds  in  the  rock.  This 
main-way  occupies  a  vertical  crevice  in  the  limestone,  or  a 
series  of  cavernous  partings  more  or  less  filled  out  with  work- 
able ores.  The  widest  portions  are  some  12  feet,  the  most  con- 
tracted, not  more  than  six  inchea  Many  of  the  former  are 
of  the  nature  of  drusy  cavities  lined  with  quartz  and  gypsum. 
The  narrower  portions  have  generally  yielaed  paying  ore  of  a 
decomposed  and  ferruginous  character.  The  vertical  crevice, 
which  nas  been  followed  westerly  into  the  hill  has  been  pretty 
thoroughly  wrought  The  most  extensive  workings,  however, 
follow  rich  partings  between  planes  in  the  limestone  beds,  thus 

g*  ving  rise  to  lateral  excavations  opening  into  the  main-way. 
ich  pockets  of  galena  are  found  both  in  the  crevice  and  in  the 
horizontal  deposits,  and  these  seem  to  be  increasing  in  depth. 
Indeed  it  is  chiefly  for  galena  and  other  plumbiferous  ores 
{plomosos),  that  this  mine  is  at  present  wrougnt ;  and  it  appears 
tnat  its  ores  of  all  grades  {ayiuias)  have  always  been  prized  less 
for  their  argentiferous  qualities,  tnan  for  the  property  of  facili- 
tating the  smelting  of  the  more  refactory  ores  (resecos)  of  the 
district* 

*  Ahhoogfa  over  300  feet  below  fhe  bed  of  the  nvine,  which  is  dry  except  in 
the  nunj  seaaon,  there  is  no  water,  or  even  sensible  moisture  in  the  bottcmi  of  the 
mine ;  and  though  the  deepest  mine  at  present  wrought  in  the  region,  it  is,  like  all 
the  others,  without  mechanical  applianoes  of  anj  sort  The  ore  is  spaUed  under- 
ground and  brought  to  the  surface  on  the  backs  of  men  and  bojs  whose  burdens 
YATj  fhnn  100  to  126  lbs.,  and  who  make  during  the  day  five  tnps  to  the  bottom. 
The  mine  is  so  excessivelj  warm  and  badlj  ventilated  as  to  be  almost  suffocating ; 
while  its  passages  are  so  worn  and  polished  by  the  hands  and  feet  of  the  miners 
as  to  affonl  the  most  precarious  footk^.  The  carriers  (tenateroa)  are  surprisingly 
muscular,  nimble  and  sure  of  foot,  running  with  swiftness  up  and  down  the  single 
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The  odier  workings  of  this  group  are  on  the  east  side,  and 
farther  toward  the  head  of  the  ravine,  occupying  different  beds 
in  the  limestone  and  pursuing  productive  courses  of  ore.  The 
pnnoipal  are  Chtquihuiie,  Bosarto,  Oertrudis  and  S.  Lassa/ro. 

DOLOBES  G<ouP. — The  cafion  of  Dolores  is  a  deep  gorge  cut- 
ting almost  pen)endicularly  the  axis  of  the  limestone  uplift  or 
boM.  The  clins  thus  formed,  expose  on  either  side  a  perfect 
section  of  bare  limestone  strata.  Its  course  is  veiy  nearly  west- 
ward, and  its  head  opposite  and  veiy  near  that  of  the  Santo 
Domingo  arroyo.  Together  the  two  water-courses  describe  a 
triangle,  and  as  they  border  the  mining  area  impart  this  shape 
to  it  A  lofty  ri(ke  capped  with  the  summit  cantera  divides 
the  two  waters.  Owing  to  the  comparatively  rapid  declination 
of  the  limestone  strata  in  this  direction,  the  workings  toward 
the  head  of  the  cafion  are  by  means  of  shafts  going  down  just 
above  its  dry  bed.  Thev  are  the  Tiro  Dolores,  present  Do- 
lores, the  "  Gauo  "  (Aguadfo)  and  the  Vieja  shaft. 

The  Tiro  TMoree  is  a  vertical  shaft  starting  in  the  o«nented 
rubble,  but  soon  striking  the  fossiliferous  limestone  which,  fiom. 
200  to  800  yds.  below,  is  uncovered  in  the  bed  of  the  caQon. 
The  shaft  is  827  ft.  vertical — at  which  depth  a  slanting  passage, 
now  flooded  with  rain-water,  carries  it  some  100  feet  oeeper. 

The  Aguado^  like  the  Dolores,  is  now  inaccessible.  It  is  an 
irregular  sinking  of  about  the  same  age  and  depth  as  the  latter, 
and  communicates  with  it  by  deep  workings.  Its  mouth  is  near 
the  top  of  the  limestone  formation. 

The  Dolores,  present  working,  is  a  sinking  of  the  same  descrip- 
tion aa  the  Affuado,  with  the  lower  workings  of  which,  and 
thereby  with  those  of  the  older  Dolores,  it  connects.  The  upper 
and  more  accessible  workings  are  still  wrought  in  a  small  way 
for  plumbiferous  orea  The  FSe/a,  some  200  yards  still  farther 
down  the  arrovo  is  also  an  irregular  sinking  carried  to  the  depth 
of  about  166  n.    It  still  affords  desirable  silver  ores. 

All  these  mines  were  formerly  diligently  wrought — ^the 
shafts  by  means  of  horse-whima  From  a  watch-tower  on  the 
highest  point  overlooking  the  whole  district,  timely  warning  of 
the  approach  of  the  savages  could  be  given.  Ruins  of  stone 
dwellings  built  strong  for  defense,  indicate  a  former  settied 
establishment  in  the  bottom  of  the  defile,  which,  as  in  the  case 
of  all  the  others  in  the  region,  contains  water  only  during  rains. 
The  water  in  the  mines  appears  to  have  got  in  fiom  the  surface, 
no  percolation  being  sensible  even  in  the  deepest 

In  the  immediate  vicinity  of  these  old  workings,  near  the 

notched  stem  of  a  ladder,  and  tiie  shelTing,  slippery  rocks  in  lieu  of  steps,  but 
laboring  for  breath,  and  liieir  bare  bodies  bathed  in  perspiration.  No  laborers  in 
the  world  have  a  more  arduous  task.  The  cost  of  raising  the  ore  in  this  manner  is 
26  cents  per  350  lbs.  This  could  be  greaUy  reduced,  and  the  mine  improyed  by 
an  opening  from  the  ravine. 
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head  of  the  arroyo,  the  dip  of  the  limestone  beds  to  the  south- 
east is  near  45®.  The  vertical  axis  of  the  boss  is  in  the  eroded 
neighborhood  of  the  Vieja,  at  the  confluence  of  another  arroyo 
from  the  southwest  From  this  point  in  every  other  direction 
the  dips  (quaquaversal)  are  gentle,  coming  down  gradually  to 
not  more  than  five  degrees.  But  the  steeper  dips  toward  the 
outside  of  the  limestone  boss  have  brought  up  a  great  thickness 
of  this  formation  (400  ft.)  above  the  arroyo,  and  thus  west  of 
the  Vieja  the  same  strata  are  above  its  bed,  as  could  only  be 
entered  by  shafts  east  of  this  point  This  is  an  explanation  of 
the  fact  that  below  the  Vieja  all  the  workings  are  above  the  bed 
of  the  ravine,  their  openings  being  in  the  bluffs.  These  work- 
ings are  all  approximately  horizontal :  that  is,  they  follow  the 
stratification  which  on  either  side  being  slightly  inclined  from 
the  ravine,  gives  them  all  something  of  a  descent  into  the  body 
of  the  hills. 

The  San  Jose  enters  the  south  bluff  a  Quarter  of  a  mile  below 
the  Vieja,  some  80  ft;,  above  the  bed  of  tne  arroyo.  Its  work- 
ings extend  to  several  beds,  the  excavation  of  wnich  has  caused 
great  chambers,  while  a  number  of  natural  caves  also  have  been 
opened.  The  ores  here  are  mainly  diffused  through  the  lime- 
stone strata  in  ferruginous  and  the  more  decomposed  portions. 
They  are  also  found  in  courses  leading  from  stratum  to  stratum, 
but  never  in  the  form  of  a  vein. 

The  Parcionera  opens  near  the  San  Jos^  some  70  feet  higher 
up  the  bluff — ^its  workings,  however,  descending  so  as  to  con- 
nect with  those  of  the  latter,  and  thus  excavating  several  beda 
It  may  be  described  as  a  series  of  caverns,  botn  natural  and 
artificial,  the  largest  in  the  district  It  is  here  that  is  to  be 
seen  the  immense  one  abeady  mentioned.  The  openings  extend 
about  500  yds.  into  the  hill,  in  which  distance  they  fall  some 
160  ft.  The  pursuit  of  courses  of  ore  whither  they  might  lead, 
has  caused  very  irregular  passages.  The  ores  of  the  mine  are 
highly  prized,  and  at  the  time  of  my  visit  were  being  extracted 
by  twenty  miners  for  the  supply  of  the  furnaces  of  Don  Eman- 
uel Escobar.  The  ores  then  coming  out  were  plumbiferous. 
Their  mode  of  deposit  does  not  differ  from  that  of  the  San  Jos^ 
ores. 

The  San  Matias  is  in  the  north  bluff,  directly  opposite  to  the 
San  Josd  and  Parcionera,  and  going  in  on  the  same  level.  It  is 
one  of  the  more  cavernous,  as  well  as  one  of  the  largest  and 
oldest,  mines  in  the  district,  having  been  wrought  southeastward 
so  as  to  connect  by  descending  passages  with  the  workings  of  the 
Viga,  a  quarter  of  a  mile  off  It  is  still  wrought  by  Mateos 
k  Co.  Its  ores  are  excessively  ferruginous  {coloraaos),  their 
color  being  that  of  red  hematite.  According  to  the  owner  they 
are  now  yielding  12  ounces  to  the  carga  ($108  to  the  ton.) 
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Several  openings  in  the  north  bluff  have  been  made  at  higher 
levels.  One,  the  OuartiUercL,  is  at  the  height  of  some  300  feet 
above  the  bottom  of  the  cafion.  It  fiimisnes  a  non-ferruginous 
ore  of  a  drab  color. 

Guadalupe  Gboup. — ^It  is  convenient  thus  to  designate 
the  numerous  workings  in  the  same  hill  with  the  Parcionera, 
situated,  topographically  speaking,  some  above  these  mines,  and 
some  on  the  opposite  north  and  west  sides,  wherever  the  surface 
is  not  too  steep  to  aflford  easy  access. 

The  OuadcUupe  mine  is  directly  over  the  Parcionera  and  San 
Jos^,  and  opens  fix^m  the  plateau  which  marks  the  top  of  the 
limestone  formation.  i\&  workings  progress  southeasterly, 
descending  through  several  very  ferruginous  beds  in  which  sil- 
ver ores  seem  to  be  concentrated  in  "pockets" — the  average 
ferruginous  courses  being  fiHed  with  segregated  quartz,  and 
generally  barren.  A  drusj^  cavity  is  said  to  nave  been  struck 
here  in  1866  which  gave  m  one  day  sulphids  of  silver  worth 
$5000 ;  and  five  months  afterwards  another,  yielding  $1200. 

The  Aragon  is  a  similar  working  in  still  higher  limestone 
strata,  and  very  near  the  junction  of  this  formation  with  the 
cantera,  here  a  buff,  porpnyroidal  quartzite,  a  fine  outlier  of 
which  rises  some  150  ft  aoove  the  limestone  plateau.  Both 
this  mine  and  the  Guadalupe  steadily  yield  plumbiferous 
ores,  carrying,  mostly  in  an  invisible  form,  chlorid,  bromid 
and  sulphids  of  silver. 

The  other  mines  of  this  group  are  all  on  the  left  flank  of  the 
limestone  ridge.  They  are  the  Santa  Rita,  San  Francisco, 
Purisima,  Nemta  Grande,  Negrita  Chiquita,  and  the  Carmen. 

The  Santa  liita,  one  of  the  oldest  and  more  reputable  mines, 
is  a  shelving  excavation,  starting  in  fossiliferous  limestone, 
some  850  ft;,  above  the  bed  of  the  Dolores  arroyo.  A  large 
burrow  of  ferruginous  material  indicates  the  extent  of  former 
workinga  The  main  opening  is  said  to  be  asphyxiated,  and 
is  now  closed,  though  contaimng,  according  to  all  accounts,  ores 
running  as  high  as  four  marcs  to  the  carga  ($250  to  the  ton). 

The  Purmnuij  occupies  nearly  the  same  level  jis  the  Santa 
Rita,  going  down  some  60  ft;,  in  heavy  bedded  limestone,  fos- 
siliferous at  the  surface.  The  fossils,  as  usual  in  this  locality, 
are  a  coral,  Badiolitesj  and  fragmentary  Pecien  and  Inoceramus. 
The  mine,  though  now  vacant,  was  worked  three  years  ago,  and 
is  said  to  have  proved  satisfactory. 

The  San  Francisco  is  a  sloping  excavation  in  the  hillside,  and 
some  100  ft.  lower  in  the  limestone  than  the  Santa  Rita.  The 
workable  portions  of  the  limestone  beds  closely  resemble  those 
of  the  workings  in  the  Dolores  arroyo.  The  mine  is  now  sup- 
plying highly  prized  ores  to  the  Chihuahua  Company's  hacienda. 

The  Negnta  Orande  is  an  old,  now  inaccessiole,  shaft,  more 
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than  250  ft.  deep,  which  depth  about  corresponds  to  the  level 
of  the  arroyo  immediately  below  the  mouth  of  the  mine,  and 
from  which  it  would  be  practicable  to  reach  its  workinga  The 
shaft  was  formerly  worked  by  horse- whims  (malaccUes) — ^prob- 
ably by  the  distinguished  Bustamente  who  is  reputed  to  nave 
had  a  oonama  from  it  of  $60,000,  said  to  have  been  in  the  form 
of  concentrated  chlorid  of  silver. 

The  Negrita  Chiquj'ta  is  a  newer  open  working,  now  operated 
by  Don  Jesus  Mateos,  and  occupying  strata  but  a  little  lower  than 
the  mouth  of  the  shaft  of  the  Negrita  Orande,  The  Carmen 
occupies  beds  somewhat  higher,  and  is  a  similar  cavernous  exca- 
vation. * 

It  will  be  understood  that  notwithstanding  wide  differences 
in  topographical  level,  all  the  workings  above  mentioned  are 
embraced  within  the  same  set  of  beds  whose  combined  thick- 
ness does  not  exceed  450  ft. ;  that  the  shaft  workings  at  the 
head  of  Arroyo  de  Dolores,  the  mines  of  the  Santo  Domingo 
arroyo,  and  the  workings  on  the  top  of  the  plateau  forming  tne 
surface  of  the  limestone  uplift,  all  have  their  entrance  at  about 
the  same straiigraphical  horizon;  thai  is,  near  the  top  of  the  lime' 
stone.  And  it  is  to  be  borne  in  mind  that  stratigrapnically  the 
low^t  workings  are  not  those  which  topographically  are  the 
lowest,  but  the  San  Jose  and  San  Matias4n^teaa  of  the  Dolores, 
Vieja  and  the  Aguado. 

Notwithstanding  the  number  and  size  of  the  excavations  in 
the  mining  ground  of  Sta.  Eulalia,  and  the  large  returns  which 
these  have  afforded,  its  future  prospects  seem  scarcely  impaired 
by  the  achievements  of  the  past  By  the  modem  scale  oi  min- 
ral  industry,  these  might  pass  for  only  a  thorough  exploration — 
in  its  assurances  worth  all  that  it  has  yielded.  The  location  of 
the  mines  has  been  determined  by  the  accidents  of  the  surface 
rather  than  by  promising  outcrops — a  foothold  upon  the  surface 
seeming  to  have  been  all  that  was  necessary.  Besides  the  great 
amount  of  unbroken  ground  left  in  and  amidst  the  established 
mines,  a  large  body  of  the  limestone  strata  remains  untouched, 
especially  to  the  north  of  the  Dolores  arroyo,  where  the  inner 
ends  of  the  workings,  proceeding  from  the  bluff  on  that  side, 
show  no  deterioration  or  diminution  of  the  ores.  It  is  not  ven- 
turing too  much  to  predict  that  the  past  record  of  Sta.  Eulalia 
will  be  far  surpassea  at  some  future  time  by  its  development 
prosecuted  by  an  enlightened  practice. 

Yield. — Extracted  according  to  the  judgment  of  the  miners 
who  are  very  expert  in  the  detection  of  familiar  ores,  the  ores 
afl«r  being  spaUed,  run  from  4  to  6  oz.  to  the  carga  ($84*46  to 
$51.60  per  ton  of  2000  Iba)  Four-ounce  ores  are  abundant  in 
aU  of  the  mines,  but  scarcely  pay  for  working  by  the  present 
smelting  practice.    By  care  m  selection,  this  grade  is  easily 
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brought  up  to  five  and  six  ounces  to  the  carga.  This  is  the  low- 
est working  yield  of  all  the  smelting  operations — ^the  average 
being  something  above  this.  Don  Jesus  Mateos,  one  of  ^e 
most  experienced  operators  in  the  district,  by  using  a  mixture 
of  the  12  oz.  ores  fix)m  the  San  Matias  and  6  oz.  ores  of  the  San 
Jos^,  obtains  never  less  than  6  oz.  to  the  carga,  generaUy  as  high 
as  8  oz.,  and  sometimes  9  and  even  10  oz. 

Cost  of  ore. — ^The  cost  of  ore  delivered  at  the  mouth  of  the 
mine  varies  according  to  the  expense  of  raising.  At  the  Par- 
cionera,  which  may  be  taken  as  the  type  of  horizontal  or  sloping 
workings,  this  cost,  which  includes  all  mining  expenses,  is  stated 
at  $1.50  per  carga.  At  the  Santo  Domingo,  the  cost  is  greater 
on  account  of  the  laborious  raising.  The  ores  are  delivered  at 
the  furnace  for  20  to  87^  cents  per  carga,  the  donkey-load  being 
one  carga  (800  lbs.) 

Rediiction. — The  fttmace  employed  in  the  district  is  the  com- 
mon Mexican  adobe  homOj  a  blast-furnace  47  inches  high,  18  in. 
wide  at  the  top,  slightly  tapering  toward  the  bottom,  and  16  in. 
across.  The  blast  is  supphed  by  hand  bellows,  the  nozzle  of 
which  is  in  the  back,  8  m.  fix>m  the  bottom.  In  the  better  con- 
structed establishment  of  the  Chihuahua  Co.  the  bellows  are 
set  in  motion  by  mules.  The  charge  of  the  furnace  varies 
according  to  the  notion  of  the  smelter  as  to  the  requirements  of 
the  different  ores.  Mateos  uses  75  lbs.  of  spalled  ore  to  20  lbs. 
of  litharge,  and  12  to  25  lbs.  of  old  slag  {grasd^  by  way  of  flux. 
The  charge  of  litharge  varies  with  the  ore.  Plumbiferous  ores, 
like  those  of  Santo  Domingo,  Santa  Qertrudis,  Dolores  and 
San  Antonio,  give  an  excess  of  litharge,  and  hence  are  in  espe- 
cial favor  for  mixture ;  while  the  excess  of  litharge  obtained  is 
sold  out  of  the  district  at  the  rate  of  8  to  16  dollars  per  carga 
($2.67i  to  5.82^  per  cwt)  The  cupellation  is  done  in  the  orcu- 
nary  adobe  vasOy  one  servu^  three  blast  furnaces,  or  treating  20 
cartas  of  argentiferous  lead  per  week. 

Fuel — The  question  of  fuel  is  one  of  paramount  importance 
to  the  industry  of  the  district  The  mesquite  root  is  the  only 
indigenous  fiiel  of  the  immediate  section  of  countir,  forest  trees 
being  entirely  unknown  east  of  the  humid  belt,  50  miles  to  the 
west  of  Sta.  Bulalia,  except  the  cotton  wood  {alarno)  which  is 
cultivated  for  shade.  Yet  nothing  could  excel  this  root  as  a  fuel, 
either  as  it  comes  from  the  grounc^  or  afler  conversion  into  char- 
coal A  single  shrub  generally  gives  near  a  cord  of  heavy  root 
In  the  neighborhood  of  Sta.  Efulalia,  the  mesquite  has  long  been 
exhausted  by  the  draft  upon  it  from  there,  and  from  the  city  of 
Chihuahua.  Oak  charcoal  is  brought  80  leagues  to  Sta.  Eula- 
lia  from  Mapula,  and  sold  at  the  rate  of  75  cents  to  one  dollar 
per  quintal  (100  lbs.) — ^the  lower  price  prevailing  whenever  the 
roads  are  fftvorable.     Oak  wood  is  likewise  brought  tiiither,  and 
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sold  at  llie  rate  of  one  dollar  (copper)  per  carga  (80  stickB,  28  by 
4  in.).   The  same  prices  prevail  in  the  city  of  Chihuahua.     Mes 

Suite  charcoal  from  the  east  side  of  the  Sta.  Eulalia  Mta  is 
elivered  at  the  village  for  $1  to  $1.50  (copper)  per  quintal 
These  prices,  already  high,  would  doubtless  steadily  advance 
under  a  la^er  and  more  pressing  demand,  such  as  would  be 
created  by  an  extensive  smelting  industry  depending  upon  a 
certain  supply  and  limited  price  of  foel,  without  control  over 
eithw.* 

With  a  cheaper  mode  of  reduction,  the  cost  of  production 
would  be  very  considerably  lessened  by  rendering  available 
ores  which,  though  cheaply  and  largely  broken,  are  now  rejected 
—ores  vielding  as  high  as  $84  to  the  ton.  This  conoitioiii 
rather  tnan  the  introduction  of  mechanical  appliances,  would  ne- 
cessarily bring  this  cost  below  the  cost  of  extraction  of  silver  ores 
from  expensive  workings  in  Nevada,  though  now  &i  exceeding 
that  of  most  of  the  deep  mines  of  the  Comstock  lode.  But  the 
cost  of  reduction  is  even  more  excessive  and  out  of  proportion 
to  tiie  value  of  the  ores.  Though  the  Mexican  smelting  prao* 
tice  is  attended  with  a  smaller  loss  of  silver,  the  fact  that  Nevada 
ores  returning  no  more  than  $16  per  ton  can  be  worked  by 
amalgamation  with  some  profit,  more  than  ofbets  the  loss  of 
80  to  25  per  cent  to  which  all  are  subjected,  as  a  large  and  regu- 
lu*  business  generally  depends  upon  the  availableness  of  the 
ores  of  low  grade— always  predominating  in  extensive  deposits. 
Tet  the  Mexican  fdmace  by  no  means  extracts  the  whole  of  the 
silver  as  may  be  seen  by  picking  up  from  any  ancient  or  fresh 
slag  heap  fragments  containing  numerous  globules  of  argentif- 

*  EzpresBiiig  in  familiar  units  the  aboTe  rates  imparted  to  me  bv  Don  Jesus  ICa- 
teos^  we  hare  in  a  form  for  oomparison  with  working  results  elsewhere  obtained  bj 
dffln«nt  modes  of  reduction  the  ftcdlowing  exhibit: 


Cost  of  Production. 
Oost  of  ore  at  mouth  of  mine,  per  ton,  at  $1.60  per  caiga,  $10.00. 
Tramsportation  to  ftmaoe,  *•        "    0-8H    "  2  62^- 


1164 


Cost  of  BeducHon. 

Cbafooal  in  blast  ftimaoe,  per  ton  of  ore,  at  |1  per  quintal,  $10.62^ 

Wood      "  MM,  cupelling,    **         **       "  $1  per  oaiga,       2'66f 

2  Smelters  at  $1.   per  diem,) 

1  Refiner  at    1.        "      -  {-Labor,  4.92 

6  Helpers  at    O.SYi  "         ) 

LHharge,  repairs,  etc.,  1.00        19.2H 

Total  cost  of  production  and  reduettoo,  $31.84 

Haf^^gadopfled  the  mean  of  variable  rates,  no  aUowanoe  is  made  for  ^  disoourt 
of  oopper  oorrenpf  (at  the  time  of  mj  visit,  in  the  winter  of  1869 — 88^  per  cent; 
but  now  mudi  greater)  in  whidi  are  stated  the  prioes  of  ftiel,  eqiedallj  as  the 
shore  exhibit  bears  out  the  representation  of  Don  Jesus;  namely— that  in  ^  fail- 
«•  of  the  60  oanas  of  ore  smelted  weekly  hj  one  ftimaoe  to  jiM  a  total  of  thirty 
miros  of  sOrer,  that  is  (taxes  paid)  $32  per  ton,  loss  is  inouned. 
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erous  lead,  and  otherwise  indicating  imperfect  reduction.  Fuel 
is  far  more  costly  at  Virginia,  Neveda,  than  anywhere  in  Chi- 
huahua, but  this  difference  follows  fix>m  the  higher  price  of  labor 
there — ^the  supply  of  fuel  really  being  greater  than  at  Santa 
Eulalia.* 

Thus  will  be  seen  the  mistake  of  treating  the  ores  of  Santa 
Eulalia  by  a  practice  which  is  so  costly  as  to  render  unavailable 
the  great  bulk  of  them,  and  to  absorb  almost  the  whole  value 
of  even  the  choice  ores  in  their  reduction,  when  by  a  cheaper 
practice  the  whole  run  of  the  ores  could  be  treated  with  profit, 
and  the  industry  improved  and  expanded  in  all  respects.  I 
allude  to  amalgamation  as  practiced  m  Mexico  itself,  and  which 
the  climate,  laBor  and  fSewilities  of  the  country  especiidly  &vor. 
In  1846,  it  was  estimated  by  Mr.  John  Phillips,  seven-eighths  of 
the  silver  produced  in  Mexico  was  obtained  by  amalgamation. 

The  lack  of  surfitce  for  patios  at  Sta.  Eulaua,  together  with 
the  scantiness  of  water,  are  circumstances  sufficient  to  account 
for  the  prevalence  there  of  smelting,  notwithstanding  the  ores 
are  of  a  nature  to  yield  readily  to  patio  amalgamation.  .That 
these  difficulties  have  never  been  surmounted  is  to  be  ascribed 
to  the  isolated  condition  of  this  section  of  country,  and  its  lack 
of  facilities  for  extralimitary  supplies.  In  the  last  century, 
during  the  period  of  its  prosperity,  as  I  learn  fix)m  a  manuscript 
in  the  state  archives,  amalgamation  both  by  patio  and  cazo,  was 
carried  on  at  Sta.  Eulalia  and  Chihuahua  to  the  extent  of  keep- 
ing in  operation  in  the  two  places  72  drag-mills  (tahones\  and  6 
stamp-mills  {morteros  de  agua  y  caballenas).  The  reduction 
worli,  just  erected,  of  the  new  Chihuahua  Co.  have  not  in  the 
least  departed  from  ancient  models.  Nor  would  a  change  of 
practice  be  warranted  by  anything  short  of  an  extensive  under- 
taking. In  view  of  the  scarcity  of  water  and  fdel  at  Santa 
Eulalia,  it  must  be  seen  that  present  operations  without  modifi- 
cation can  scarcely  be  extended  beyond  their  present  scope.  As 
long  as  they  are  thus  limited,  they  are  favored  by  the  choice  of 
ores,  and  by  cheap  labor.  By  dispensing  with  mechanical 
appUances  for  dressmg  ores  any  considerable  outlay  is  avoided. 
*  The  silver  deposits  of  Santa  Eulalia,  however,  are  so  superior 
and  extensive  as  to  warrant  their  extraction  and  reduction  on  a 

*  Notwil^istandrng  the  rates  of  labcnr  in  Nevada  are  more  than  treble  those  of 
Santa  Eulalia,  ^e  ores  of  the  Oomstodc  lode  are  extracted  for  a  half  to  a  third  less, 
and  reduced  for  less  than  a  half  dieaper — their  average  yield  ranging  in  different 
mines  from  $28  to  $43.  To  properlj  contrast  the  wide  difference  between  the 
economical  conditions  of  the  industry  taken  as  a  whole  in  the  two  localities  of  Sta. 
Bulaha  and  Virginia  City,  it  is  necessary  to  cbnsider  that  of  the  latter  as  involving 
an  immense  outiUiy  for  milling  and  deep  mining,  altogether  beyond  the  requirements 
of  the  former  loccdity.  It  is  also  obvious  that  a  high  cost  of  ftiel  would,  the  same 
as  at  Santa  Eulalia,  preclude  the  practicability  of  working  by  smelting  any  but 
9tieMl  ores,  and  thus  confine  the  Oomstock  industry  within  comparatively  narrow 
limits. 
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lar;^  scale.  This  will  be  practicable  by  having  recourse  to  the 
fiwilities  aflTorded  by  one  or  both  of  the  two  plains  on  either 
side  of  the  Sta.  Emalia  mountains. 

West  of  the  mountains,  superior  facilities  for  the  dressing  of 
ores,  and  for  patios,  are  to  be  had  at  Tabalopa  on  the  Sfwra- 
mento  river,  at  the  distance  of  some  eight  miles  fix^m  the  mouth 
of  the  Arroyo  Dolores.  Ores  could  be  delivered  at  this  point 
by  wagon  at  near  the  same  rate  that  they  are  now  freighted  on 
mules  over  the  mountains  to  Santa  Eulalia.  This  way  out  to 
the  plain  would  be  by  the  ravine,  and  thence  the  whole  way  to 
Tabalopa  by  a  down  grade. 

Havmg  extended  my  observations  but  a  little  way  east  of 
this  gorge,  I  am  not  prepared  to  determine  the  question  of  an 
exit  on  that  side  of  tne  Sta.  !Eulalia  range.  Should  it  be  foimd 
practicable  to  cheaply  deliver  ores  in  the  Conchos  valley,  this 
aide  would,  on  the  wnole,  present  superior  conditions  for  reduc- 
tion works,  provided  a  ^ood  water  supply  can  be  had,  which  is 
!)Tobable,  as  the  plain  is  already  thoroughly  irrigated.  Fuel 
mesquite)  is  far  more  abundant  here  than  on  the  Chihuahua 
side,  and  the  position  is  nearer  by  two  days  to  all  supplies  drawn 
from  Texas. 

New  York,  Jan.  1,  IStO. 


Abt.  XXI. — Machinery  and  Processes  of  the  Indvstrial  Arts^  and 
Apparatus  of  the  Mcact  Sciences;  by  Fbederiok  A.  P. 
Babnard,  LL.D.,  United  States  Commissioner  to  the  Paris 
Universal  Exposition. 

If  the  imperial  decrees  of  Jime,  1865  and  subsequent  dates, 
which  gave  origin  to  the  Paris  Exposition  that  opened  on  the 
first  of  April,  1867,  were  grand  and  comprehensive  in  their 
scope  and  intention,  thejr  were  e<jually  illustrious  in  the  success 
ana  completeness  of  theur  execution.  More  than  fifty  thousand 
exhibitors  brought  together  on  that  occasion  several  millions  of 
objects,  all  different  and  all  deserving  attention.  These  were 
gathered  from  some  forty  nations  ana  countries,  covering  the 
entire  civilization  of  the  globe.  Taken  together  they  formed  a 
representation  of  the  art,  the  industry  and  the  inventions  of 
mankind,  and  o(  every  ideal  yet  realized  ibr  the  coi^fort,  the  ele- 
smce,  the  operative  power,  and  the  progress  of  the  human  race. 
From  the  material  to  the  implement  me  completed  structure 
or  the  machine ;  from  the  staple  to  the  fiibric ;  from  the  mas- 
sive and  gigantic — ^the  products  of  Cyclopean  forges  or  Titanic 
engines — down  to  the  in&nt's  toy  and  the  gossamer  vestment ; 
'  from  ike  ponderous  gearing  to  the  tiny  time-piece  all  were 
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spread  out,  an  accumulation  of  series  upon  series,  and  every 
series  showing  an  almost  complete  and  continuous  gradation. 

The  field  of  the  Exposition  was  the  parade  ground,  or 
Champ  de  Mars,  easy  or  access,  and  supplemented  by  annex- 
ing the  island  of  Billanoourt  in  the  Seine,  together  comprehend- 
ing an  area  in  excess,  by  a  few  acres,  of  one-fourth  of  a  square 
mile.  Spacious  pounds  outside  the  building,  or  pala/ce  as  it 
was  called,  but  without  much  very  palatial  in  its  aspect  or  con- 
struction, were  allotted  to  'structures  that  ranged  from  the 
nomadic  hut  of  an  Esquimaux  to  the  gilded  palace  of  the 
Sultan,'  and  to  such  living,  or  agricultural,  or  other  objects  and 
groups,  as  could  not  suitably  be  admitted  within.  In  deference, 
we  suppose,  to  French  propensities,  the  number  of  groups 
was  iust  ten;  but,  by  a  marvellous  aberration,  tiie  number  of 
subaivisions  or  classes  was  but  ninety-five.  Seven  of  these  so 
classified  groups  were  arranged  in  seven  oval  galleries,  one 
Btory  high,  successively  surrounding  one  another,  and  divided 
systematically  into  commodious  apartments,  the  entire  assem- 
blage of  which  comprised  an  area  of  forty  acres  and  a  circuit 
of  almost  a  mile.  In  the  center  was  a  pavilion  holding  sets  of 
the  various  national  coins,  weights  and  measures,  and  surrounded 
by  a  florally  ornamented  space  from  which  sixteen  avenues 
radiated  to  the  outer  space  or  circumference  of  the  palace.  In 
the  sixteen  sections  thus  formed  the  various  nationalities  had 
their  products  and  groups  arranged  in  a  series,  and  all  the  series 
0(»Tesponding  to  one  another  fix)m  circumference  to  center. 
By  passing  around  the  galleries  the  spectator  would  come  in 
succession  upon  similar  groups  of  the  different  nationalities; 
while  by  passing  along  the  avenues  he  would  take  successively 
the  various  groups  of  any  and  every  nationality,  each  through  its 
own  entire  series.  Accordingly  a  tour  of  ten  miles  judiciously 
disposed,  was  enough  to  bring  to  an  observer's  attention  tho 
entire  aggregate  of  groups  within  the  building.  By  suoh 
means  therefore,  the  best  practicable  fEKnlities  were  supplied  to 
each  nationality  to  exhibit  its  own  products  to  advantage,  at 
once  in  union  and  in  comparison  with  the  like  of  other  coun- 
tries, while  also  the  one '  special  jury '  and  the  ninety-four  '  jurioB 
of  classes,'  for  awarding  testimomals  and  decrees  of  merit— 
tiie  prizes^  the  medals  and  the  h/ofMrdbU  men^um^-^and,  witk 
them,  the  t«i  'juries  of  groups,'  for  revisanff  these  awards  under 
the  final  reicision  of  a  'superior  council,  all  had  tiie  most 
ready  uid  commanding  observation  of  the  objects  ccmiposing 
&e  entire  exhibit 

Were  it  a  possibility  to  continue  in  permanence  such  an 
exhibit — a  single  area  into  which  all  the  national  arts  were 
sathered  and  concentrated,  like  differently  colored  lights  in  l^e 
focus  of  anofaject^glass-^there  might  thtu  be  afforded  tovisitoES 
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an  ever  accessible  telescopic  vision,  as  it  were,  of  the  various 
civilizations  of  the  earth,  although  ever  so  remote  or  scattered. 
But,  even  then,  the  visitors,  however  great  their  multitude, 
could  never  be  expected  to  comprise  more  than  a  small  fraction 
of  the  thinking  ana  inquisitive  classes  of  societjr.  The  best  sub- 
stitute therefore  which  the  case  admits  of  plainly  seems  to  be 
of  the  sort  adopted  and  carried  out  by  the  Feaeral  Govern- 
ment for  the  use  and  satisfeu^tion  of  these  United  States ;  that  is 
to  saj,  a  well  appointed  and  sufficiently  numerous  commission 
to  witness,  examme  and  report  upon  the  Exposition  and  the 
groups  and  classes  of  objects  therein  represented;  and  the 
fieports  to  be  printed  bj  the  Government  for  general  distri- 
bution. Besides  the  pnmary  *  General  Survey  of  the  Exposi- 
tion,' fix>m  the  pen  of  Charles  B.  Seymour,  chairman  of  the 
Committee,  instructed  for  that  purpose  by  the  Department  of 
State,  and  its  preface  by  N.  M.  Beckwith,  U.  S.  Conmiissioner 
General,  and  rresident  of  the  Commission,  the  Eeports  are 
before  us,  so  far  as  their  publication  has  been  completed. 
By  &r  the  most  voluminous,  various  and  extended  of  the 
number  is  that  of  President  Barnard,  the  title  of  which  is 
employed  above  as  an  introductory  heading  to  these  remarks. 
It  18  an  octavo  of  650  pages,  filled  with  descriptions,  illustra- 
tions and  theoretic  determinations,  illustrated  with  numerous 
clearly  executed  cuts  on  the  pages,  and  concluded  by  eight 
elaborate  and  finely  wrought  engravings.  The  finished  artistic 
execution  of  this  and  of  all  the  volumes  or  reports  k  obviously 
due,  in  no  small  measure,  to  the  taste,  good  ludgment  and 
accuracy  of  Prof  W.  P.  Blake,  who  superintended  the  publi- 
cation, as  its  editor.  It  sets  off  to  advantage  the  intrinsic  value 
and  eminent  adornments  of  the  rqport, — ^both  the  matter  and  the 
autiior's  style  of  rendering  it  Next  to  the  privil^e  of  one's 
own  presence  amid  the  immense  and  diversined  assemblage  of 
objects  in  the  Exposition,  is  the  experienced  satisfeustion  and 
advantage  of  finding  one's  self  in  presence  of  a  large  collection 
of  the  most  select  and  suggestive  of  the  number,  brought  into 
one  view  through  the  medium  of  luminous,  graphic  and  illus- 
trated descriptiona  The  author  not  confining  himself  to  mere 
delineation,  as  he  passes  from  object  to  object,  takes  pains  to 
instruct  us  in  their  subsisting  mutual  connections  ana  depen- 
dencies, and  to  explain  in  each  the  distinctive  uses  of 
parts,  the  modes  of  general  operation,  and  the  rationale  of 
effects.  Often  indeed,  if  we  will  stay  to  go  deeper,  he  puts  at 
our  disposal  his  well  understood  powers  of  analysis,  dissipates 
the  fallacies  which  becloud  the  mechanician's  conceptions,  and 
reconciles  those  paradoxes  which,  to  the  popular  mind,  often 
cany  the  semblance  of  an  inevitable  discord  between  those  two 
Am,  Joub.  Sol^Sboond  Sutm,  Vol.  XlilX,  No.  14(L— Mabob,  1870. 
12 
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wedded  and  indissoluble  partners,  Theory  and  Practice.  And 
we  attend  to  these  all  the  more  earnestly  that  our  author's 
opening  chapter  had  impressed  us,  as  at  the  vestibule  and 
entrance  of  our  survey,  with  the  intimacy  and  imminence  of 
*  The  relation  of  invention  to  industrial  progress.'  That  model 
chapter  traces  and  exhibits  with  unwonted  distinctness  the 
dependence  of  art  upon  other  art,  and  of  art  upon  its  own 
created  auxiliaries :  tnus  the  steam  engine  first  put  within  the 
workman's  reach  those  operative  and  refined  tools  to  which  the 
steam  engine  itself  owes  its  progressive  improvement  and  exist- 
ing completeness.  In  following  out  the  like  connections  and 
dependencies  we  are  also  led  to  perceive,  not  indeed  for  the  first 
time  but  with  intensified  vividness,  how  deeply  art  and  inven- 
tion project  their  influences  into  economic  and  social  life,  into 
trade  and  conmierce,  into  civilizing  effects  abroad,  into  the 
habits  of  thinking  and  feeling  at  home,  and  even  into  politics 
and  the  nations's  destiny.  Thus,  the  cotton-gin  expanded  itself 
into  a  prime  mover  not  only  of  all-pervading  activities  in  the 
manufactory  and  on  the  ocean,  but  even  of  the  vast  combina- 
tions and  issues  themselves  of  war  and  peace.  Here  is  no 
exaggeration ;  stOl  we  conceive,  with  our  author,  that  not  the 
individual  inventor  alone  is  to  be  recognized  as  the  originating 
instrumentality  of  all  this,  except  as  one  which  the  age  itseu 
had  brought  up  into  preparation  for  his  invention,  and  in 
whom  the  invention  sprang  up  because  the  age  had  created  a 
demand  for  it 

The  dependencies  of  industrial  art  may  be  spoken  of  in 
various  senses, — massively y  for  instance,  as  resting  upon  force,  its 
modifications  and  applications, — or  mmntltatively^  as  resting  for 
the  abundance  and  multiplication  of  its  products,  upon  mcile 
machineiy,  manipulation  and  skill,— or  mductivelyy  as  resting 
upon  knowledge  and  ingenuity  for  its  origination  and  progress. 
A  glance  at  the  table  of  contents  and  he^ings  of  the  chapters 
of  the  report,  will  suggest  how  considerably  some  such  naturiJ 
classification,  whether  or  not  so  intended,  has  influenced  our 
author  in  the  selection  of  his  subjects  and  in  their  arrangement. 
Of  the  eighteen  chapters,  five  are  occupied  with  the  subject  of 
power  in  its  various  mechanical  relations ;  as,  first,  the  prime 
movers,  steam,  air,  water,  electricity  and  their  en^nery ;  next, 
the  transmission  of  power,  then  its  accumulation,  then  its 
measurement  and  r^istration,  and,  lastly,  its  massive  applica- 
tions. The  eight  nuddle  chapters  are  teken  up  mainly  with 
the  appliances,  the  methods  and  the  instrumentalities  of  inge- 
nuity, tact  and  sagacity,  as  used  for  the  purpose  of  production^ 
and  acting  through  all  the  range  and  agencies  of  heat,  cold,  ex- 
citation, pressure  and  motion, — sometimes  the  production  of 
improved  material,  and  sometimes  the  production  of  improved 
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effects,  or  of  articles  and  implements  for  ornament  and  use, 
in  their  variety,  their  finish,  and  their  aptitudes,  as  well  afl 
the  rapidity  and  multitude  of  their  manufacture.  The  conclud- 
ing four  chapters  are  occupied  with  the  *  exact  sciences '  consid- 
ered in  their  mechanical  and  practical  relations.  We  read  with 
wonder  of  the  success  with  which  measurements  are  carried  to 
an  exactness  well  ni^h  rivalling,  to  all  intents,  the  mathe- 
matical itself, — of  roSa  ascertained  to  a  millionth  of  an  inch  in 
length,  and  of  balances  that  perform  to  a  twenty-millionth  part 
of  their  burden.  We  are  delighted  to  trace  anew  the  progress 
by  which  the  human  eye  has  become  enabled,  through  the  per- 
fection of  object-glasses  enormous  in  dimension,  on  the  one  hand, 
or  of  minute  sizes  on  the  other,  to  penetrate  into  the  universe  out- 
wardly, and  into  the  bosom  of  nature  inwardly.  We  are  let 
into  the  surprising  secret  by  which  mechanism  is  made  to 
render  numerical  computations  with  greater  exactitude  and 
with  immeasurably  greater  promptness  than  the  mental  facul- 
ties of  the  computer  himself  could  realize.  We  are  instructed 
how  to  make  sound  itself  a  thing  of  visible  undulations,  and 
how  to  apply  a  measuring  scale  to  their  continuance.  Not 
much,  it  is  true,  of  the  Exposition,  as  the  author  himself  is 
careful  to  say,  was  absolutely  new,  as  respects  elementary  inven- 
tions ;  and,  therefore,  not  much  of  that  quality  and  essence 
could  have  place  in  any  feithful  account  of  it  The  report  is 
simply,  and  admirably,  a  representation  by  just  and  varied 
selections,  of  the  st^e  of  progress  which  industrial  art  and 
invention  had  reached  in  the  year  1867.  Although  necessarily 
partial  it  still  embraces  a  collection  ample  for  its  purpose ;  that 
is  to  say,  for  giving  a  near  birdseye  view  of  the  Exposition, 
and,  like  the  walks  and  avenues  of  the  Exposition  itself,  di- 
versified by  occasional  Augments  of  history  and  relics  of 
legendary  lore.  Taken  together  it  forms  a  resort  where  the 
ei^ineer  may  obtain  reassurance,  the  mechanic  experience,  the 
inventor  impulse  guidance  and  correction,  and  the  man  of 
intellect  or  of  letters  choice  entertainment  The  report  is 
printed  as  a  public  document,  and  has  not  been  orainarily 
obtainable  otherwise  than  by  and  through  members  of  the 
United  States  Senate,  each  of  whom,  as  we  are  informed,  had 
the  distribution  of  some  fifteen  entire  series,  each  corresponding 
to  the  one  of  which  this  report  is  a  constituent 

The  United  States  was  not  largely  represented,  as  respects 
numbers,  in  its  own  section  of  the  Exposition.  The  country  was 
too  much  occupied  with  hew  and  extraordinary  domestic 
questions.  Industry  was  unsettled  in  many  respects.  The 
subject  had  not  attracted  the  earliest  attention ;  and  the  field 
was  very  distant  Yet  our  national  exhibit,  although  not 
extended  in  scale,  was  excelled  in  quality  only  by  France 
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itself— and  that  in  no  very  considerable  degree — while  the  per- 
centage of  awards  relative  to  the  number  of  exhibitors  was 
double  the  -corresponding  percentage  for  England  and  her  col- 
onies. 

No  extracts  which  our  space  would  allow  could  do  justice  to 
the  report,  especially  if  not  accompanied  bv  the  cuts  or  engrav- 
ings ;  and  if  we  were  to  instance  and  enlarge  upon  passages 
ana  descriptions  that  appear  specially  important,  it  would  con- 
vey no  conceptions  to  the  reader  comparable  with  what  he  will 
obtain  by  a  reference  to  the  work  itself  We  only  add,  in 
justice  to  the  distinguished  author,  that,  while  he  is  thoroughlj 
American  in  a  due  anxiety  to  set  forward  the  claims  of  his 
countrymen,  it  is  with  an  obvious  impartiality  toward  all  the 
competitors,  and  with  a  diligence  whose  regulating  principle  is 
truth  and  an  endeavor  for  the  benefit  of  mankind  in  generaL 


Art.  XXIL — On  Nbrite  or  Ldbradorite  Bock;  by  T.  Stebbt 
Hunt,  LL.D.,  F.RS. 

[Read  before  the  American  Aflsodation  for  the  Adyanoement  of  Sdenoe,  at  Salem, 

August,  1869.] 

The  various  rocks  composed  essentially  of  a  triclinic  or  anor- 
thic  feldspar,  with  an  admixture  of  hornblende,  pyroxene, 
hypersthene  or  diallace,  have  by  lithologists  been  designated  by 
the  names  of  diorite,  dolerite,  diabase,  hypersthenite  and  gabbro, 
among  others.  The  latter  name  has  by  many  been  r^arded  as 
synonymous  with  euphotide.  I  however  pointed  out  many 
years  since  that  the  true  euphotide  is  not  a  feldspathic  rock,  but 
consists  of  a  mixture  of  diallage  with  saussurite,  a  white  heavy 
silicate  apparently  identical  with  zoisite.  By  an  admixture  of 
labradonte  or  an  allied  feldspar,  however,  euphotide  passes 
into  the  so-called  gabbro,  which  I  have  defined  as  a  disdlagio 
diabase  (this  Journal,  II,  xxvii,  886\  and  which  is  closely  related 
to  norite.  The  name  of  hyperstnene  rock  or  hypersthenite 
(sometimes  contracted  into  hyperite),  was  given  by  MacCulloch* 
to  a  rock  consisting  of  labradorite,  or  a  relatea  feldspar,  and 
hypersthene,  found  by  him  in  the  Western  Islands  of  Scotland, 
ana  subsequently  recognized  by  Emmons  in  the  Adirondack 
Mountains  of  northern  iTew  York.  By  both  of  these  observere 
it  was  regarded  as  an  erupted  rock.  In  1851  I  detected  it 
among  the  Laurentide  hills  of  Canada,  where,  as  in  New  York, 
it  extends  over  considerable  areas.  Farther  examinations  of 
this  rock  in  place  showed  that  though  hypersthene,  generally 
in  very  small  proportion,  is  a  fi:^uent  element,  it  is  often 

*  MaoCnlloch,  Geology  of  tiie  Western  Islands,  i,  385-390. 
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replaced  by  a  green  granular  pyroxene,  and  still  more  often  both 
of  these  are  wanting,  so  that  we  have  a  rock  composed  almost 
entirely  of  a  triclinic  feldspar,  whose  composition  ia  generally 
near  that  of  labradorite,  but  varies  in  diflferent  examples  fix)m 
that  of  andesine  to  near  that  of  anorthite.  To  these  rocks  I 
provisionally  applied  the  name  of  anorthosites,  the  pure  feld- 
spathic  type  bemg  regarded  as  normal  anorthosite,  associated 
with  which,  however,  were  to  be  found  hvpersthenic  and  pyrox- 
enic  varieties.  Red  garnet,  epidote,  a  Dlack  mica,  ana  more 
rarely  dichroite  and  quartz,  are  all  occasionally  found  sparingly 
disseminated  in  these  anorthosites  of  New  i  ork  and  Canada, 
which  cannot  be  distinguished  fix^m  those  first  observed  by 
MacCulloch  in  the  Isle  of  Skye,  as  I  have  convinced  myself  by 
an  examination  of  the  specimens  there  collected  by  him,  and 
now  preserved  in  the  collections  of  the  Geological  Socierty  of 
London.  Titaniferous  iron  ore  (menaccanite")  also  frequently 
occurs  in  grains  and  masses  in  these  rocks,  botn  in  Skye,  and  in 
North  America,  where  it  sometimes  forms  beds  or  masses  of 
considerable  size.  Details  as  to  the  chemical  and  mineralogical 
characters  of  these  rocks  will  be  found  in  the  L.  E.  &  D.  Philos* 
Magazine  for  May,  1855,  and  also  in  the  Geology  of  Canada, 
1863,  pages  588-590. 

The  subsequent  investigations  of  Sir  William  Logan  have 
shown  that  these  anorthosites  in  Canada  belonff  to  a  great  series 
of  stratified  crystalline  rocks  which  by  the  geological  survey  of 
Canada  have  oeen  designated  the  Labrador  or  Upper  Laurentian 
series,  and  which  repose  unconformablv  upon  the  older  or  true 
Laurentian  gneiss  and  limestones.  The  area  of  the  Labrador 
formation  most  examined  lies  in  the  counties  of  Arffenteuil  and 
Terrebonne,  to  the  north  and  northwest  of  Montreal,  and  has  a 
breadth  of  more  than  forty  miles.  It  is  however  met  with  on 
the  northeast  shore  of  Lake  Huron,  according  to  Dr.  Bigsby,* 
and  at  several  points  below  Quebec,  notably  in  the  parish  of 
Chateau-Richer,  at  Bay  St.  Paul,  and  around  Lake  St.  John  on 
the  Saguenay,  where  it  occupies  a  large  area.  Proceeding  north- 
eastward along  the  left  bank  of  the  St  Lawrence,  Mr.  Richard- 
son has  lately  observed  it  at  the  mouth  of  Pentecost  riven 
about  160  miles  below  the  entrance  to  the  Saguenay,  and  I 
have  found  it  forming  the  shore  of  the  Bay  of  Seven  Islands 
forty  miles  fiarther  down.  This  area  is  probably  connected 
with  the  wide  extent  of  this  rock  observed  by  Prof.  Hind  on 
the  river  Moisie.  In  all  of  these  regions  it  appears  to  be  sur* 
rounded  and  limited  by  the  ordinary  Laurentian  gneiss.  Bay- 
field, moreover,  describes  a  rock  with  a  hose  of  labradorite  as 
forming  the  coast  for  several  miles  near  Mingan.  Finally,  it 
is  widdfy  spread  on  the  coast  of  Labrador,  where  its  character- 
istic mineral  was  first  found,  and  from  whence  it  takes  its  name. 
*  Geology  of  C&Qada,  1863,  page  480. 
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Pro£  A.  S.  Packard,  Jr.,  has  given  us  valuable  mfonnation 
with  regard  to  the  occurreiKje  of  labradorite  rocks  at  some 

£>int8  on  the  Labrador  ooast^  One  of  its  localities  is  at  Square 
land,  just  north  of  Cape  St  Michel,  where  the  rock  consists 
chiefly  of  crystalline  labradorite  smoky  gray  in  color,  trans- 
lucent, and  opalescent  with  greenish  reflections.  This  feldspar 
often  shows  cleavage  planes  two  inches  broad,  and  is  associated 
with  a  little  vitreous  quartz  and  with  coarsely  crystalline 
hvpersthene,  which  appears  in  relief  on  the  weathered  surfaces. 
This  labradorite  rock,  according  to  Prof  Packard,  is  sur- 
rounded by  and  probably  rests  upon  Laurentian  gneis&  At 
Domino  Harbor  he  found  domes  or  bosses  of  a  similar  labrador- 
ite resting  upon  strata  which  consist  in  great  part  of  a  slightly 
schistose  quartsdte,  having  for  its  base  a  granular  vitreous  quartz, 
and  enclosing  grains  of  black  hornblende,  more  rarely  hypers- 
thene,  black  mica,  and  red  garnet  Feldspar  is  generally  want- 
ing, but  in  some  parts  these  quartzites  oecome  gneissic,  and 
they  were  nowhere  seen  in  unoomformable  contact  with  the 
Laurentian  gneiss  of  the  vicinity.  These  quartzose  strata  Prof. 
Packard  refers,  with  some  doubt,  to  the  Huronian  system.  The 
minerals  which  they  contain  are  not  however  met  with,  so  far 
as  known,  in  the  Huronian  quartzites,  and  on  the  contrary,  are 
very  characteristic  of  the  quartzites  of  the  Laurentian  system, 
which  attain  a  great  thickness  in  many  parts  of  its  distribution. 
The  overlying  aomes  of  labradorite  roct,  which  Prof.  Piickard 
was  inclined  to  r^ard,  in  this  case,  as  erupted  through  Huronian 
quartzites,  are  probablv  nothing  more  than  outlying  portions  of 
the  newer  Labrador  K>rmation  resting  upon  the  Laurentian 
strata,  as  already  observed  by  him  at  Square  Island.  Along 
the  western  coast  of/  the  island  of  Newfoundland  Mr.  Jukes 
observed  at  Lidian  Head  and  at  York  Harbor  dark  colored 
rocks  composed  of  labradorite  and  hypersthene,  and  others  of 
albite  (?)  and  hypersthene,  which  may  probably  be  found  to 
belong  to  the  Labrador  seriea 

Rocks  composed  chiefly  of  labradorite  or  a  related  feldspar 
greatly  predominate  in  the  Labrador  series,  but  these,  at  least 
m  the  area  near  Montreal,  which  is  the  one  best  known,  are 
interstratified  with  beds  of  a  kind  of  diabase  in  which  dark 
green  pyroxene  prevails,  with  crystalline  limestone  similar  in 
mineralogical  characters  to  that  of  the  Laurentian  ^Btem,  and 
more  rarely  with  quartzites  and  thin  beds  of  orthoclase  gneiss. 
I  have  more  than  once  insisted  upon  the  rarity  of  f5ree  quarts 
and  the  ^neral  basic  character  of  the  rocks  in  this  series,  an 
observation  with  which  I  am  credited  in  Dana's  Manual  of  G^l- 

*  On  the  Glacial  phenomena  of  Lahrador  and  Maine.    Mem.  Boat  Acad.  Nat: 
Hist,  Tol.  1,  part  ii,  pp.  214-217. 
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ogy  (p.  189),  where  it  seems  to  be  applied  to  the  whole  of  the 
rocks  there  classed  as  Azoic,  including  the  Laurentian,  Labra- 
dorian  and  Huronian  system&  It  is,  in  fstct,  remarkable  that  the 
silicated  rocks  of  the  latter  two  consist  chiefly  of  labradorites, 
diorites  and  diabases ;  gneissic  and  granitic  rocks  bein^  exceed- 
ingly rare  among  them,  though  quartzites  abound  in  the  Huro- 
nian. In  the  Laurentian  system,  on  the  contrary,  though  basic 
silicated  rocks  are  not  wanting,  orthoclase  gneisses,  often  grani- 
toid in  structure^  and  abounding  in  quartz,  predominate. 

The  anorthosite  rocks  of  the  Labrador  series  present  great 
variations  in  texture,  beinc  sometimes  coarsely  granitoid,  and 
at  other  times  finely  granmar.  They  not  unfrequently  assume 
the  banded  structure  of  gneiss,  lines  of  pyroxene,  hypersthene, 
garnet,  titanic  iron  ore  or  mica  marking  the  planes  of  stratifi- 
cation. Probably  three-fourths  of  the  anorthosites  of  this 
series  in  Canada,  whether  examined  in  place  or  in  the  boulders 
which  abound  in  the  St  Lawrence  valley,  consist  of  pure  or 
nearly  pure  feldspar  rocks,  in  which  the  proportion  of  foreign 
miuCTals  will  not  exceed  five  hundredths.  Hence  we  have  come 
to  designate  them  by  the  name  of  labradorite  rock.  The  colors 
of  this  rock  are  very  generally  some  shade  of  blue,  fix>m  bluish- 
black  or  violet  to  bluish-grav,  snroky  gray  or  lavender,  more 
rarely  purplish  passing  into  flesh  red,  greenish-blue,  and  occa- 
sionally greenish  or  bluish-white.  The  weathered  surfaces  of 
these  labradorite  rocks  are  opaque  white.  The  anorthosites 
which  occupy  a  considerable  area  in  the  Adirondack  region,  as 
described  by  Emmons  in  his  report  on  the  Geology  of  the 
Northern  district  of  New  York,  and  as  seen  by  me  in  hand 
specimens,  closely  resemble  the  rocks  of  the  Labrador  series  in 
Canada. 

In  all  of  these  localities  the  coarse  or  granitoid  varieties  often 
hold  large  crystalline  cleavable  masses,  generally  polysynthetic 
macles,  and  n^uently  exhibiting  the  peculiar  opalescence  which 
belongs  to  labradorite.  Although  rocks  composed  of  labrado- 
rite or  similar  feldspars,  with  hornblende  or  pyroxene,  occur  in 
various  other  geological  formations,  both  as  indigenous  green- 
stones and  as  erupted  masses,  they  never,  so  far  as  my  olServa- 
tion  in  North  America  goes,  exhibit  the  peculiar  character  just 
described ;  namely,  that  of  a  granular  or  granitoid  rock  com- 
posed of  nearly  pure  labradorite  or  some  closely  related 
feldspar,  firequently  opalescent,  and  generally  of  a  bluish  color, 
often  violet,  smoky  blue  or  lavender  blue.  This  type  of  rock 
seems  in  North  America  to  characterize  the  Labrador  series. 

It  may  here  be  remarked  as  an  interesting  fact  bearing  on 
the  distribution  of  the  Labrador  series,  that  two  large  boulders 
of  labradorite  rock,  one  of  the  beautiful  dark  blue  variety,  are 
found  on  Marblehead  Neck  on  the  coast  of  Massachusetta     It 


Digitized  by  VjOOQ  IC 


184  T.  &  Hv/nt  on  Norite  Bock 

does  not  seem  probable  that  these  masses  could  have  been 
derived  fix)m  any  of  the  far  oflF  localities  already  mentioned, 
and  the  fact  that  the  gneiss  of  eastern  Massachnsetts  is,  as  I 
have  recently  found,  in  part  of  Laurentian  age,  suggests  that 
an  outcrop  of  the  Labrador  series  may  exist  in  some  locality 
not  &r  removed.  In  this  connection  it  may  be  added  that  I 
have  lately  found  characteristic  labradorite  and  hyperite  rocks 
in  southern  New  Brunswick,  a  few  miles  east  of  St  John, 
occupying  a  position  between  the  Laurentian  and  the  Huronian 
or  Cambrian  rocks,  which  there  make  their  appearance,  accom- 
panied by  Lower  Silurian  strata,  to  the  south  of  the  great 
Carboniferous  basin  of  the  r^on.  This  interesting  loc^ity 
was  recently  pointed  out  to  me  by  Mr.  G.  P.  Matthew  oi  St  John, 
to  whom  we  are  indebted  for  a  great  i)art  of  our  knowledge  of 
the  geology  of  southern  New  Brunswick.  Chester  and  Bucks 
counties  in  Pennsylvania,  and  the  Wichita  Mountains  in  Arkan- 
sas, are  cited  in  Dana's  Mineralogy  as  localities  of  labradorite, 
but  as  I  have  never  examined  specimens  from  these  places,  I 
am  unable  to  say  whether  they  resemble  the  characteristic  anor- 
thosites  of  the  Labrador  series  already  described. 

The  name  of  norite,  in  allusion  to  Norway,  was  given  by 
Esmark  to  a  rock  composed  chiefly  of  labradorite,  which  is 
found  in  several  localities  in  that  country.*  I  had  already 
noticed  the  close  resemblance  between  two  specimens  of  norite 
obtained  from  Ej^ntz  of  Berlin,  and  the  labradorite  rocks  of 
North  America  just  noticed,  when  in  1867 1  had  the  opportunity 
of  examining  at  the  Universal  Exhibition  at  Paris,  a  collection 
of  Norwegian  rocks  selected  for  ornamental  purposes,  exhibited 
by  the  Royal  University  of  Christiania.  Prominent  among 
these  was  a  series  of  the  norites,  which  could  not  be  distin- 
guished from  the  labradorite  rocks  of  the  Ui)per  Laurentian  or 
Labrador  series  of  this  continent  In  a  printed  note  accom- 
panying this  collection  from  the  University  it  is  said  that  the 
numerous  varieties  of  rocks  consisting  of  labradorite  with 
hypersthene,  diallage  and  bronzite,  have,  in  the  geological  map 
of  Southern  Norway,  published  at  Christiania  in  1866,  been 
designated  by  the  common  name  of  gabbra  This  note  at  the 
same  time  suggests  that  "  the  name  of  norite  should  be  i)re- 
served  for  certain  varieties  of  ^abbro  rich  in  labradorite,  which 
varieties  mav  in  great  part  with  justice  be  called  labradorite 
rock,  since  labrador  feldspar  is  their  predominent  element." 
With  this  excellent  suggestion  I  heartily  concur,  remarking, 
however  that  the  name  of  gabbro,  as  an  ill-defined  synonym 
for  certain  anorthosite  rocks,  including  in  part  diorite,  diabase, 
hyperite,  and  even  confounded  with  the  non-feldspathic  rock 
euphotide,  may  very  well  be  dispensed  with  in  lithology. 

*  See  farther  Zirkel  Petr(]^raphie,  n,  131. 


Digitized  by  VjOOQ  IC 


T.  S.  Hunt  on  NoriteBock.  185 

By  referring  to  the  geological  map  just  mentioned,  it  will  be 
seen  that  these  so-called  gabbros  occupy  considerable  areas  in 
the  Laurentian  gneiss  region  of  Norway.  By  the  authors  of 
the  maps,  Messrs.  Kjerulf  and  Dahl,  these  gabbros  are  regarded 
as  eruptive,  though  they  are  described  at  the  same  time  as  often 
assummg  the  character  of  stratified  rocks.  It  should  however 
be  noticed  that  these  geologists  go  so  far  as  to  regard  the  whole 
of  the  granitic  gneiss  of  the  region  as  unstratified  and  of  plu- 
tonic  origin. 

The  specimens  of  these  norites  exhibited  in  Paris  were  in 
blocks  polished  on  one  side,  and  as  was  observed  in  the  note 
accompanying  them,  presented  a  curious  resemblance  to  certain 
varieties  of  marbla  It  is  worthy  of  remark  that  Emmons  in 
his  report  on  the  Geology  of  the  Northern  District  of  New 
York,  suggested  the  application  of  the  labradorite  rocks  of 
Essex  county  as  a  substitute  for  marble  (pages  29,  418).  An 
ornamental  vase  of  the  same  rock  turned  in  a  lathe  with  the 
aid  of  a  black  diamond,  has  been  in  the  Museum  of  the  Geo- 
logical Survey  of  Canada  since  1856. 

Of  the  collection  of  norites  from  Norway  the  specimens  from 
Sogndal  and  Egersund  presented  fine  varieties  of  grayish  or 
brownish  violet  tints,  while  a  dark  violet  norite  came  from 
Krageroe  and  also  from  the  islands  of  Langoe  and  Gomoe,  and 
a  white  granular  variety  from  the  gulf  of  Laerdal  in  the  diocese 
of  Bergen. 

It  is  onlv  in  rare  cases  that  the  cleavable  feldspar  of  these 
norites  exnibits  the  peculiar  opalescence  which  distinguishes 
the  finer  labradorite  found  in  some  parts  of  the  coast  of  Labra- 
dor. Opalescent  varieties  of  this  feldspar  are  however  occa- 
sionally met  with  in  the  area  near  to  Montreal,  and  in  northern 
New  York.  In  the  Paris  Exhibition  of  1867  there  were 
exhibited  from  Eussia,  large  polished  tables  of  a  beautiful 
violet  colored  granitoid  nonte,  portions  of  which  exhibited  a 
fine  opalescence.  This  rock,  I  was  informed,  comes  from  a 
mountain  mass  in  the  Government  of  Kiew,  but  of  its  geognos- 
tical  relations  I  am  ignorant 

These  peculiar  labradorite  rocks,  presenting  a  great  similarity 
in  mineralogical  and  lithological  character,  have  now  been 
observed  in  Essex  county,  New  York,  and  through  Canada  at 
intervals  from  the  shore  of  Lake  Huron  to  the  coast  of  Labra- 
dor. They  are  again  met  with  in  southern  New  Brunswick, 
in  the  Isle  of  Skye,  in  Norway,  and  in  southwestern  Bussia, 
and  in  nearly  all  of  these  localities  are  known  to  occur  in  con- 
tact with  ana  apparently  reposing  like  a  newer  formation  upon 
the  ancient  Laurentian  gneisa  Giekie  in  his  memoir  on  the 
geology  of  a  part  of  Skye,*  appears  to  include  the  norites  or 
♦  Quar.  Jour.  G«oL  Soa,  xiy.,  p.  1. 
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hypersthenites  of  that  island  with  certain  syenites  and  green- 
stones, which  he  describes  as  not  intrusive,  tliough  eruptive 
after  the  manner  of  granites  (loc.  cit,  p.  11-14).  The  hypers- 
thenites  are  represented  in  his  map  as  occurring  to  the  west  of 
Loch  Slapin.  Specimens  in  my  possession  from  Loch  Scavig, 
a  little  further  west,  and  others  in  MacCulloch's  collection  fix)m 
that  vicinity,  are  however  identical  with  the  North  American 
norites,  whose  stratified  character  is  undoubted.  I  called  atten- 
tion to  these  resemblances  in  the  Dublin  Quarterly  Journal  for 
July,  1863,*  and  Haughton,  who  in  1864  visited  Loch  Scavig, 
has  since  described  and  analyzed  the  rock  of  that  locality, 
which  consists  of  labradorite^  often  coarse  grained,  with  pyrox- 
ene and  menaccanite,  and  is  evidently,  according  to  him,  a  bedded 
metamorphic  rock  (Dublin  Quar.  Jour.,  1865,  p.  94^  He,  it  may 
be  remarked,  designates  it  as  a  syenite,  a  term  which  most  litho- 
logists  apply  to  rocks  whose  felaspar  is  orthoclase. 

I  desire  to  call  the  attention  of  both  American  and  European 
lithologists  to  this  remarkable  class  of  rocks,  of  which  the 
norites  may  be  regarded  as  the  normal  and  typical  form,  in  the 
hope  that  they  may  be  induced  to  examine  still  fiirther  into  the 
question  of  the  age  and  geognostical  relations  of  these  rocks  in 
various  regions,  and  to  determine  whether  the  mineralogical  and 
lithological  character  which  I  have  pointed  out  are  geological 
constants. 


Art.  XXHL — On  the  cause  of  the  color  of  the  Waier  of  Lake 
Lemauy  Geneva;  by  Aug.  A.  Hayes,  M.D.,  Assayer  to  State 
of  Massachusetts. 

The  traveler,  who  enters  Switzerland  at  Geneva,  always  has 
his  attention  arrested  by  the  beautiful  azure  color  which  the 
water  of  Lake  Leman  presents,  especially  when,  as  one  looks 
into  its  depths,  the  color  ie  in  contrast  with  the  white  reflection 
of  clothing  below  the  surfiace,  at  points  where  the  laundresses 
pursue  their  avocations, 

*  I,  at  the  same  time,  called  attention  to  the  Laurentian  aspect  of  the  crjstalliDe 
limeBtones  of  lona,  which  I  found  in  MacCulloch's  ooUection.  Limestones  not  imlike 
these  occur  in  Skye,  intermixed  with  serpentine,  and  are,  according  to  Mr.  Giekie, 
associated  with  the  protruded  syenites  of  that  region.  With  all  deference  to.  the 
authority  of  that  eminent  geologist,  I  cannot  help  suggesting  that  a  reexamination 
of  the  Strict  would  show  thnt  the  highly-inclined  metamorphic  crystalline  lime- 
stones, holding  serpentine,  and  associated  with  syenitic  rocks,  belong  to  an  older 
system  (probably  Laurentian),  and  are  thus  distinct  from  the  nearly  horizontid  foe- 
dhferous  lia»sic  limestones  near  by,  which  are  only  locally  altered  by  mtrusive  rocks. 
American  geologists  will  at  ouoe  recall  the  mis-conception  which  led  most  of  our 
best  observers  during  many  years  to  look  upon  the  old  Laurentian  limestones  of 
New  York  and  New  Jersey  as  altered  portions  of  the  overlying  paleozoic  strata. 
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Many  will  remember  the  expression  of  Sir  H.  Davy,  that 
"this  color  is  doubtless  due  to  some  compound  of  iodine," 
and  not  only  chemists,  but  geologists  have  speculated  on  the 
cause  of  this  coloration,  quite  frequently  with  opposite  opinions. 

Both  in  composition  and  general  characters,  this  water  oelongs 
to  a  class  I  have  been  accustomed  to  describe  as  "White 
waters,"  or  colorless  waters,  which,  chemically  considered,  al- 
ways hold  a  salt  called  crenate  of  lime  in  solution,  and  mark 
in  their  color  the  existence  of  lime  salts,  in  their  course  as  rivers, 
or  in  contact  with  them,  as  reposing  in  true  lakes.  At  many 
points  in  Switzerland  these  white  waters  are  found,  and  indi- 
cate clearly  the  occurrence  of  calcareous  matter,  more  exten- 
sively diffused  than  surface  observations  of  the  rocks  would 
allow  in  some  districts. 

Among  the  Tyrolese  Alps,  too,  lakes  and  streams  present  the 
same  cerulean  hue,  which  gives  character  and  beauty  to  the 
water  of  Lake  Lenaan,  and  I  have  seen  even  small  collections 
of  water  there  apparently  as  highly  colored  as  the  more  noted 
lakes.  "Whitewaters,  when  dear,  always  present  this  hue, 
and  when  turbid,  a  green  hue,  due  to  reflection  from  particles 
of  solid  matter.  In  the  summer  of  1858,  I  commencea  a  care- 
ful analysis  of  the  water  of  Lake  Leman  at  Geneva,  and  had 
found  a  general  accordance  with  the  published  statements  of 
composition ;  but  the  special  search  for  coloring  matter,  was 
prevented  by  the  inopportune  recurrence  of  rain,  and  subse- 
quent disappointment  at  a  point  on  the  Ehone  above  the  laka 

Since  that  time  this  water  has  been  analvzed  by  distinguished 
chemists,  such  as  Will,  Dafour,  and  Blanche,  whose  results  only 
show  the  presence  of  more  salts  in  number  in  the  solid  matter, 
and  the  slight  variations  in  proportions  which  we  should  expect 
would  occur,  under  variations  of  volume  and  temperature,  in 
the  water  at  different  seasons. 

These  analyses,  I  learned,  were  made  in  the  usual  way  of 
evaporating  the  water  for  the  solid  products,  and  driving  off  and 
collecting  tne  gases,  a  method  which  enables  us  to  answer  many 
questions,  but  does  not  permit  the  nicer  determinations  of  or- 
ganic bodies,  if  present,  in  a  natural  or  an  altered  state.  Anal- 
ysis so  conducted  would  not  allow  us  to  answer  the  question 
m  relation  to  the  cause  of  color,  unless  it  could  be  traced  to 
some  known  or  unknown  fixed  compound.  Nor  would  such 
an  analysis  determine  the  weight  accurately  of  the  whole  amount 
of  matter,  naturally  dissolved  in  the  water,  as  it  is  easy  to  prove 
that  a  loss  of  matter  takes  place  during  the  evaporation,  even  if 
conducted  at  a  moderate  temperature — ^the  great  point  of  state 
of  hydration  of  the  organic  salts,  and  to  some  extent  that  of  the 
saline  matter,  is  ignored  entirelv  when  we  proceed  in  this  way 
to  determine  the  quantity  and  kind  of  constituents. 
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Nearly  all  waters  contain  living  organisms,  and  their  germs, 
these  matters,  in  a  decomposing  state,  organic  acids,  either  with 
or  without  bases,  in  the  form  of  salts,  most  easily  changed  by 
heat  or  even  by  concentration.  These  substances  are  very  im- 
portant constituents,  in  connection  with  the  uses  of  the  water, 
and  I  could  offer  many  illustrations  of  damage  in  manufectur- 
ing  and  unfitness  for  consumption,  traceable  directly  to  the  pres- 
ence of  such  bodies  in  waters  otherwise  desirable,  and  proper  for 
extended  consumption. 

The  mode  adopted  in  my  examination  of  the  water  of  Lake 
Leman  is  that  which  I  have  usefully  applied  in  a  large  number 
of  cases,  and  with  modifications,  it  is  applicable  to  all  waters,  in 
connection  with  other  well  known  steps  of  analysis. 

A  large  volume  of  the  water  of  Lake  Leman  was  mixed  with 
a  small  portion  of  a  diluted  solution  of  sub-acetate  of  lead 
quickly  and  uniformly  diffused.  Another  portion  was  treated 
in  the  same  way,  with  a  water  solution  of  pure  soap — ^both  pre- 
cipitates slowly  formed,  were  collected  in  a  moist  state,  sub- 
sequently examined  by  the  microscope,  and  were  found  to  con- . 
tain  only  the  ordinary  constituents  of  white  waters,  when  so 
treated. 

The  negative  results  of  these  trials  in  this  connection,  were 
sufficient  to  prove  the  absence  of  all  coloring  or  colored  bodies 
in  this  water — ^the  strong  attraction  of  the  basic  salt  of  lead  for 
all  coloring  matter  is  well  known — ^its  power  of  removing  col- 
ored infusoria  is  equally  great  The  calcareous  soap  product 
formed  fix)m  the  test  removes  all  suspended  matter,  and  permits 
us  to  detect  organic  forms  with  ease  and  certainty,  after  the  fat- 
ty matters  are  dissolved  on  a  glass  slide. 

It  is  obvious  that  in  cases  of  complete  analysis  of  waters, 
these  precipitates  should  be  subsequently  chemically  treated, 
and  their  state  of  hydration  found,  and  engaged  compounds  sep- 
arated and  weighed 

Chemical  analysis,  thus  conducted,  having  thrown  no  light  on 
the  cause  of  color  in  this  water,  has  proved  the  absence  of  col- 
oring substances,  and  placed  it  in  the  list  of  those  waters,  which 
do  not  exhibit  the  color  seen  in  this  lake ;  we  are,  therefore,  led 
to  ascribe  the  origin  of  its  peculiar  tint  to  natural  influences, 
namely,  the  reflection  and  refi-action  of  an  azure  sky  in  a  color- 
less water. 

The  sky  coloration  of  this  part  of  Switzerland  early  engaged 
the  observation  of  Saussure,  who  even  experimented  on  its  depth 
of  color,  while  retaining  its  blue  tint  All  the  conditions  favor- 
ing almost  constant  blueness  of  sky,  are  present  in  this,  and 
other  parts  of  Switzerland  in  a  marked  degree,  and  I  believe 
that  extended  observation  will  always  connect  the  blue  tint  of 
white  water  with  the  deep  azure  hue  of  the  clear  sky  above  it 
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By  carefiilly  watching  the  influence  of  the  light  fix)ni  the  sky 
on  the  water  of  this  Idee,  I  observed  here  as  elsewhere  that 
depth  of  color  and  tint  in  the  water  were  modified  greatly,  or 
even  lost  under  varied  light  from  the  sky.  As  the  sun  declined 
the  azure  tint  was  replaced  by  a  grayish  hue,  or  a  light  gray 
color  was  the  closing  hue  of  a  series  of  shades  of  color.  If  the 
clear  sky  became  flecked  with  small  cloud  surfeces,  the  water 
responded  in  unequal  coloration,  as  if  the  water  mirrored  the 
sky,  under  this  condition  of  beauty. 

In  other  countries,  there  are  bodies  of  colorless  water  which 
do  not  exhibit  the  coloration,  commonly  seen  in  Lake  Leman 
water.  Such  localities  are  not  fevored  with  clear  blue  skies 
through  atmospheric  constitution,  and  bluish  greenness  of  tint 
is  the  nearest  approach  to  azure  hue,  which  the  sky  permits, 
excepting  perhaps  at  rare  momenta 

The  n^ative  results  of  chemical  analysis,  and  the  sufficiency 
of  the  effect  of  reflected  and  refracted  ught  of  the  sky,  which 
is  over  the  water  of  Lake  Leman,  led  me  to  the  conclusion  that 
the  cause  of  color  is  found  in  the  peculiar  hue  of  the  sky,  so 
transmitted  to  the  eye  by  a  colorless  water. 

Boston,  Haas.,  Deoember  lOdi,  1869. 


Abt.  XXrV. — (hntribviions  to  Chemistryjrom  the  Laboratory  of 
the  Lawrence  Scientific  School.  No.  DL — On  t/ie  Potaasio- 
Oobaltic  Nitrite  known  as  Fischer's  Saltj  and  some  analogous  and 
related  compounds;  by  Samuel  P.  Sadtleb. 

The  composition  of  the  double  nitrite  of  cobalt  and 
potash,  known  by  the  different  names  of  "  Fischer's  Salt "  and 
"  Cobalt-yellow,  has  long  been  an  open  question.  The  follow- 
ing is  a  brief  statement  of  the  views  advanced  on  the  subject 
Fischer*  the  discoverer  of  the  salt  made  no  analyses  of  it  St 
Evre+  who  rediscovered  it  gave  as  a  formula  for  it  KaON,04-f- 
€oONt04,  but  does  not  give  the  analytical  data.  StromeyerJ 
subsequently  showed  the  incorrectness  of  this  view  and  wrote 
the  formula  €0,0^  2N,es+8(K,eN,es)+2Hae.  This  formula 
is  peculiar  in  making  tiie  atom  ^o^Os  combine  with  2  atoms  of 
NaO,.  We  shall  discuss  the  formula  and  resxdts  farther  on. 
Erdmaim§  first  pointed  out  a  distinction  between  the  salt 
formed  in  neutral  solutions  and  the  salt  formed  in  acid  solutions, 
which  latter  he  considers  as  a  normal  salt  He  gives  both 
2€oe,  8N,es-f-8(K,eNae8)-f-8Nae,  and  €oae,8Nae8+ 
8(KaONae8)-f-8Hae 

*  Fogg.  Aim.,  Izxii,  477  and  Izxir,  124.  X  Ann.  Ch.  u.  Ph.,  xcvi,  218. 

t  Jr.  pr.  Gh.,  64,  84  and  68, 186.  g  Jr.  pr.  Ch.,  Izziii,  698. 


Digitized  by  VjOOQ  IC 


190  &  P,  SadOer  on  Fischer's  Salt 

or  as  we  shall  write  it  €o86Nea+6(KNe8)  fSHaO.  Braxm*  the 
last  writer  on  the  subject,  passes  most  of  the  preceding  work  in 
review.  He  takes  up  Stromever's  results,  and  rejecting  hia 
views  as  to  the  composition  of  the  salt  analysed  by  him,  fiffures 
for  it  a  number  of  ingenious  but  somewhat  complicated  form- 
ulas. He  considers  that  neither  the  "neutral  salt"  nor  the 
**  acid  salt"  of  Erdmann  can  be  regarded  as  anything  but  mix- 
tures or  "  poly  combinations,"  and  for  the  first  of  them  con- 
sidered as  such  he  gives  a  still  more  ingenious  and  com- 
plicated formula.  We  quote  it  as  reduced  to  its  empirical 
form  by  Blomstrand  rf  Cc)oB[8»Nii2H2q0464p$  Braun's  own  results 
are  expressed  first  by  a  formula  containing  both  CJojOj  and  CoO, 
then  by  one  containing  "GojO,,  OoO,  NgOj  and  N2O5  and  finally 
by  the  following : 
8(€o2e8,  8Naes+4K3e,4Nae,+2Hae)+2(€o8e^H,e,  21^^+ 

KaO,  NaOg+SHaO). 
The  experiments  made  to  settle  its  composition  and  the  results 
obtained  are  as  follows :  St  Evre  ignitea  the  salt  in  a  stream  of 
nitrogen.  Nitric  oxyd  was  given  oflF  and  the  residue  was  a 
black  oxyd,  which  on  contact  with  HCl  gave  CI  and  with 
O3H8O4  gave  OO,.  This  I  cannot  regard  as  conclusive,  as 
mere  igmtion  per  se  will  not  break  up  the  KNO,,  so  that  the 
residue  was  not  pure  "GojOj, ;  moreover  the  NaOg  in  breaking  up 
may  have  given  an  atom  of  0  to  form  the  €020,.  Stromeyw 
found  that  NaHO  and  BaHaOj  decompose  it  on  gentle  warming, 
even  with  exclusion  of  air,  separatmg  the  brown  hydrat^ 
OojOj  which  dissolves  in  €5aH4  0,  with  a  brown,  and  in 
-G3H3O4  with  a  green  color.  This  observation  is  of  undoubted 
value.  He  says  also  that  on  mixing  the  neutral  solutions,  the 
precipitate  is  slow  in  forming,  and  forms  by  an  absorption  of 
O,  as  is  shown  by  dipping  the  connecting  tube  under  a  cylinder 
of  air  or  oxygen.  Erdmann  confines  himself  to  an  examination 
of  this  last  observation  of  Stromeyer's  and  finds  that  the 
"  neutral  salt "  can  be  formed  in  an  atmosphere  of  pure  -GO,, 
and  that  therefore  there  can  be  no  absorption  of  O  in  the  case. 
Braun  finds  that  KHO  acts  very  little  upon  the  salt,  merely 
changing'  its  color  from  yellow  to  a  dirty  yellowish-green. 
NaHOjBaHtOs,  -CaH|€t3  separate  at  a  boiling  neat  the  brownish- 
black  hydrated  GojOs-  This  is  confirmatory  of  Stromeyer's 
observation.  Carbonate  of  silver  heated  with  water  and 
Fischer's  salt  gave  with  separation  of  the  hydrated  CJojO,, 
crystals  of  what  from  Braun's  description  were  probably 
AgNOj.     KCy  did  not  decompose  it 

*  Zeitsch.  AnaL  Oh.,  Tii,  313.  f  Ghemie  der  Jetsteeit,  p.  414. 
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My  own  experiments  directed  toward  the  solution  of  the 
question  of  OoO  or  €k)|Os  weieas  follows :  I  found  Erdmann*s 
observations  as  to  the  formation  of  the  "  neutral  salt"  in  an 
atmosphere  of  €JOa  correct  I  added  by  means  of  a  fiinnel 
tube  a  solution  of  KNOj  boiled  to  expel  the  air,  to  a  boiled 
solution  of  Co  Clj,  placed  at  the  bottom  of  a  partially  closed 
vessel,  into  which  a  strong  stream  of  €0,  had  been  passing  for 
some  time.  The  salt  began  nevertheless  to  form  slowly. 
Wishing  to  sift  the  matter  more  thoroughly,  I  made  a  series  of 
experiments  in  eudiometer  tubes  oVer  mercury.  Into  a  eudi- 
ometer tube  filled  with  mercury  and  perfectly  free  from  air,  I 
threw  up  a  boiled  solution  of  CoClg  and  tnen  one  of  KNO,. 
The  salt  began  to  form  soon  at  the  juncture  of  the  two  liquids 
and  then  deposited  steadily  though  slowly.  After  a  number 
of  hours  not  the  slightest  bubble  of  air  was  to  be  seen.  The 
absence  of  all  chance  of  oxydation  here,  either  from  air  or 
excess  of  nitrous  acid,  shows  conclusively  the  protoxyd  nature 
of  this  "neutral  salt"  The  "acid  salt"  was  formed  in  the 
same  manner — ^first  a  boiled  solution  of  CJoClj,  then  acetic 
acid,  and  then  a  boiled  KNO3  solution.  A  rapid  evolution  of 
gas  ensues  and  the  salt  forms  and  falls  in  a  layer  on  the  top  of 
the  mercurial  column.  In  another  instance  a  small  crystal  of 
•CoClj  was  sent  up  and  then  acetic  acid  and  then  KNOj.  The 
formation  of  the  salt  was  almost  instantaneous  and  the  evolu- 
tion of  ^s  exceedingly  rapid.  Before  drawing  any  conclusions 
fix)m  this,  however,  tne  action  of  acetic  acid  on  KNO,,  out  of 
access  of  air,  was  to  be  studied.  Gmelin*  states  that,  when 
treated  with  acid  out  of  access  of  air,  nitric  oxyd  is  evolved 
while  the  liquid  takes  up  NOj  and  NjOj.  This  evolution  was 
found  to  taKe  place  readily  over  the  mercuiy  and  the  gas 
answered  to  the  test  of  ferrous  sulphate  and  was  colored  red 
on  admission  of  air,  like  the  gas  evolved  in  the  formation  of 
the  salt  The  question  now  is  whether  the  liberated  O  is  taken 
up  in  the  formation  of  the  salt  to  oxydize  the  €oO,  to  convert 
the  excess  of  nitrite  into  nitrate.  The  question  cannot  be 
definitely  settled,  until  we  have  some  delicate  test  for  a  small 
quantity  of  nitrate  in  the  presence  of  a  large  quantity  of 
nitrite.  But  there  is  one  thing  which  I  regard  as  significant 
Erdmann  made  one  of  his  preparations  of  wie  "  acid  salt,"  by- 
filtering  the  mixture  of  neutral  solutions  into  pure  acetic  acii 
Now  the  greater  the  excess  of  acid,  the  quicker  would  be  the 
conversion  of  nitrite  into  nitrate,  and  we  should  look  for  a  very 
small  amount  of  the  double  nitrite  salt  Yet  it  formed  as 
readily,  and  analysis  proved  it  to  possess  the  same  constitution 
as  the  other  preparations.     The  inference  from  this  is,  that  the 

♦  Cav.  Soc.  ed.  vol  ii,  p.  382. 


Digitized  by  VjOOQIC 


192  S.  P.  Sadder  on  Fischer's  Salt 

sesquioxyd-fonning  power  of  the  €o  is  sufficient  to  enable  it 
to  take  liberated  oxygen. 

Recourse  was  now  nad  to  analysis  as  a  means  of  determin- 
ing the  question.  Six  distinct  preparations  of  the  salt  in  aU 
were  made  and  analyzed.  In  preparing  the  salt,  the  distinction 
made  by  Erdmann  m  r^ard  to  the  formation  of  different  com- 
pounds in  neutral  and  acid  solutions,  was  recognized  and  the 
salt  was  invariably  formed  in  a  solution,  stronmy  acidified  by 
acetic  acid  in  the  beginning,  and  kept  so  untu  the  end  by  the 
addition  of  acid,  if  necessary.  The  salt  of  cobalt  used  was 
the  chlorid,  and,  in  all  but  the  first  two  preparations,  the  solu- 
tion was  boiled  to  expel  air  and  made  acid.  A  strong  solution  of 
KNO  was  then  adaed  and  the  mixture  was  left  to  stand :  6 
to  12  hours  generally  proved  sufficient,  and  it  was  then  filtered 
and  washed,  accordiSag  to  Erdmann's  direction,  with  a  solution 
of  potassic  acetate  of  about  10  per  cent  which  was  displaced 
by  80  per  cent  alcohol  The  salt  was  then  dried,  first  over  the 
water-bath  and  then  in  a  water-oven  exactly  at  100°.  I  saw  no 
evidence  of  a  decomposition  at  this  temperature  alluded  to  by 
Erdmann. 

The  results  of  full  analyses  of  these  six  preparations  warrant 
me  I  think  in  presenting  the  following  conclusions : — 

1st  That  Fischer's  salt  is  a  Tri'potassic-OobaUiC'Nitritej  its  es- 
sential formula  being  €o,0„8N,e3-|-3(K,0,  N,0,)+Aq,  or 
€o,6Ne,+6(KNe,)-f-Aq. 

2nd.  That  it  can  be  formed  with  4H,e,  3H,0,  2H,e,  H,e, 
or  anhydrous,  according  to  the  d^ree  of  concentration  of  the 
solutions  used,  passing  in  color  from  a  light  yellow  to  a  dark 
greenish-yellow. 

8rd.  Tnat  in  consequence  of  such  dependence,  we  can,  in 
in  most  preparations,  fix  no  absolute  point,  but  are  liable  to 
have  a  mixture  of  salts  of  different  degrees  of  hydration. 

The  analytical  methods  used  in  the  analyses  of  the  salt  were 
the  following : — 

The  €5o  was  determined  first  together  with  the  K,  as  a  double 
sulphate  having  the  invariable  '  constitution  €o,  K,5S0^. 
This  sulphate  has  a  distinct  fdsing-point,  and  affords  an  accu- 
rate means  of  determination.  It  will  be  discussed  fiBJi;her  on. 
This  is  then  dissolved,  the  solution  made  ammoniacal  and 
brought  to  boiling,  when  the  €o  is  thrown  down  as  "GoS.  This 
is  roasted  and,  after  treatment  with  aqua  regia  and  sulphuric 
acid,  is  weighed  as  neutral  OoSO-.  Or  the  €Jo  was  tnrown 
down  fix>m  the  solution  of  the  double  sulphates  as  peroxyd  by 
acetate  of  soda  and  chlorine,  and  then  reduced  by  hydrogen  to 
the  metallic  stata 

The  potash  is  then  determined  by  difference. 
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The  nitrogen  was  detennined,  either  together  with  the  H,0 
by  Gibbs's  modification  of  Bunsen's  method,  which  will  be  again 
alluded  to,  or  directly  by  volume  with  the  Sprengel-pump. 

The  H,0  either  as  above,  or  by  combustion  with  -Gu  in  a 
stream  of  €0,. 

The  analytical  data  and  results  are  appended. 

Preparation  No.  1. 

•2011  gr.  salt  gave  -1732  gr.  €o,Ke6^04=44-75  p.  c.  €oe4.K20 
gave  also  -0656  gr.  £o8e^==U'18  p.c,  €oe=17-47  p.c. 
t^OaOj. 

•1626  gr.  salt  gave  -1403  gr.  ■eo2Ke5Se^z=44-83  p.  c.  ^oO-fKaO 
gave  also  ^0529  gr.  €o&e4=15-74  p.c.  €oe=17-42  p.c. 

•5147  gr.  salt  gave  112*7  cc.  nitrogen  at  15*25^  and  483*2  mm.  pres. 

=  16-56  p.  c.  N=44-95  p.  c.  N^Og. 
•9410  gr.  salt  gave  167*6  cc.  nitrogen  at  15*25  and  601*6  mm.  pree. 

z=16^76  p.c.  N=45-48  p.c.  N^O,. 
11131  gr.  salt  gave  -0793  gr.  Hje=7^pO  p.  c.  H^O. 
1-3418  "  "  -0937  "         "       6^98    "        " 

Preparation  No.  2. 

•1082  gr.  salt  gave  -0955  gr,  €o2Ke5Se4=46-86  jp.  c.  €©0+ K,0 
gave  also  -0408  gr.  €o&04=16^16  p.  c.  •GoO=l7*88  p.  c. 

•1222  gr.  salt  gave  -1074  gr.  €02X^5804=45-66  p.c.  GoO+KaO 
gave  5so -0455  gr.  €o804=15-96  p.c.  €oO=17*66  p.c. 
€0,03. 

•4192  gr.  salt  gave  102*83  cc  nitrogen  at  18*25°  and  462*6  mm. 
pre8.=17'57  p.c.  N.=47^70  p.  c.  NjOj. 

•4376  gr.  salt  gave 

•6328  "  "         -0346  gr.  H20=5*46  p.  c.  H,e. 

•5494  «  «         -0296  gr.  H, 0=5*39  p.  c.  H^O. 

Preparation  No.  8. 

•e215  gr.  salt  gave  -5682  gr.  €02K«5SO4 =47*50  p.  c.  OoO+K-O 
gave  also  '0797  gr.  €o=12-82  p.  c.  €o=18-04  p.  c.  Oo«0-. 
•58^8  gr.  salt  gave  *5349  gr.  €o2Ke5SO4=47*60  p.  c.  -GoO+K^O 
gave  ^o  ^0740  gr.  €o=12-68  p.  c.  €o=17'83  p.  c.  Go^Oo. 
•4451  gr.  salt  gave  -4088  gr.  €o,Ke5S04=47*71  p.c.  €oO+K«0 
gave  also  '0574  gr.  ■eo=12*89  p.  c.  €0=18*14  p.  c.  Oo^O-. 
•5796  gr.  salt  Mve  -5329  gr.  €o2Ke5&04=47*77  p.  c.  OoO+K^O 
gave  wso  *0735  gr.  €o=12*68  p.  c.  €o=17*83  p.  a  ^OnO.. 
With  1*6634  gr.  salt,  eombustion-tabe  lost  •8616  gr.,  of  which 
€a€l2  tube  took  up  '0710  gr.=4*27  p.  c  H^O  leaving  -2906 
gr.=17*47  p.  c  N.=47-42  p.  c.  N jO,,. 
With  1*6123  gr.  salt,  combustion-tube  lost  •8302  gr.,  of  which 
€a€lj  tube  took  up  -0610  gr=:4^03  p.  c.  H^O  leaving  '2692 
gT.=17*80  p.  c  N.=48-32  p.  c.  N^Oj. 
Aat  JouB.  Sci.— Second  Sbbibs,  Vol.  XLIX,  No.  146.— Mabch,  1870. 
13 
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Preparation  No.  4. 

6677  gr.  salt  gave  -6073  gr,  €02Ke6Se4=:47-26  p.a  ^oO+KaO 

fave  also  '2258  gr.  ■eoS04=16-36  p.  c.  €00=1811    p.  c. 
'OoOj. 
•3590  gr.  salt  gave  -8264  gr.  €o2Ka5Se^=47-24  p.  c.  ^oO+K^O 
gave  also '1226  gr.  €o&04=16-62  p.c.  €oO=18'29  p.  c. 
€0,03. 
With  1*1138  gr.  salt,  combustion-tube  lost  '2461  gr.,  of  which 
€a€Jl2  tube  took  up  •0439=:3-94  p.  c.  H^O  leaving  -2022  gr. 
z=18-16  p.  c.  N.=49-27  p.  c.  NjOj. 
With  1*2494  gr.  salt,  combustion-tube  lost  '2674  gr.,  of  which 
t;a€la  tube  took  up  '0407=8*26  p.  c.  H,0,  leaving  -2267  gr. 
=  18-14  p.  c.  N.=49*26  p.  c.  N^Og. 
With  1*1587  gr.  salt,  combustion-tube  lost  '2533  gr.,  of  which 
•Ga-ei^  tube  took  up  •0432=3*73  p.  c.  HgO  leaving  '2101  gr. 
=±18*13  p.a  N.=49*20  p.  c.  NjOa. 

PreparaMon  No,  5. 

•2896  gr.  salt  gave  •2633  gr.  eOaK^SSO.  =47*26  p.  c.  CoO+KaO 

gave  also  ^0382  €o=13*20  p.  c.  €o=18"56  p.  c.  -GoaO.*?. 
•3998  gr.  salt  gave  *3644  gr.  €o2Kg5S04=47*42  p.  c  CoO-fK^O 

gave  also  -0531  -eo=13*30  p.c.  •€o=18'70  p.c.  -eojOg. 
•6747  gr.  salt  gave  -5243  gr.  eo^Ke 5^04=47*40  p.  c  €oO+K„e 
gave  also  '0769  gr.  €o=13'38  p.  c.  Co=18*82  p.  c.  Cog^^^. 
•5959  gr.  salt  gave  *5443  gr.  €o2Ke6S04=47*46  p.  a  CoO+KjO 
gave  also  *0768  gr.  -00=12*89  p.  c  •00=18*14  p.  c.  OoaO.. 
With  1*2557  gr.  salt,  combustion-tube  lost  '2758  gr.,  of  which 
•ea€lo  tube  took  up  •0459=3*66  p.  c.  H^O  leaving  -2299  gr. 
=18*31  p.c.  N.=49*69  p.c  N-O3. 
With  1^1464  gr.  salt,  combustion-tube  lost  ^2556  gr.,  of  which 
OaOlj  tube  took  up  •0479=4^18  p.  c,  H^O  leaving  -2077  gr. 
=18^12  p.  c.  N.=49*18  p.  c.  NjO,. 

Preparation  No.  6. 

•8154  gr.  salt  gave  ^7644  gr.  €o2Ke5&04=48^7l  p.  c.  OoO+KgO 

gave  also  -2823  gr.  €oS04=16^75  p.c.  €00=18*64  p.c. 

CJoaO,. 
•5463  gr.  salt  gave  -5110  gr.  Co^KeeSO^  =48^69  p.  c.  CoO+K^O 

gave  also  '1885  gr.  €oS04=16*73  p.c.  €oO=18*51  p.c 

CJojO,. 
•6806  gr.  salt  gave  -6373  gr.  €0aKg5S04=48-66  p.  c.  OoO+K^e 

gave  also  •2358  gr.  €oS04=16'77  p.c.  €oO=18*56  p.c. 

€0-0  3. 
•3712  gr.  salt  gave  -3480  gr.  Co^K^eSO^ =48^71  p.c  €oO+K,e 

gave  also  -1297  gr.  €oSO4=16-90  p.  c  €oO=18-71  p.  c 

OojO,. 
With  1^5460  gr.  salt,  combustion-tube  lost  '3033  gr.,  of  which 
€a€l2  tube  took  up  •0116=0*76  p.c  HjO  leaving  •2917  gr. 
=18-87  p.  c  N=51-21  p.c  N^Oj. 
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Prep.  No.  1. 
€o,6Nea+6(KNe,)+4Hj,e. 

Tbeor.  p.  oto.         Found  p.  cti. 

-eo-Og- 17-00  -       17-46 

KjO— 28-94  29-00 

N.e«— 46-69  46-21 

H,e—  7-37  6-99 

Prep.  No.  8. 
€o,6NO,+6(KNe,)+2H,e. 

Theor.  p.  cts.         Found  p.  cts. 


CoaO,— 17-65 

K,e— 30-04 

NaOa— 48-48 

HoO—  3-88 


17-96 
31-41* 
47-87 
4-16 


Prep.  2^.  2. 
€Jo3,6Ne^+6(KNe2)+3H,e. 

Theor.  p.  cti  Found  p.  cts. 

17-32  17-77 

29-48  29-70 

47-57  47-22 

6-63  6-43 

Prep.  No.  4  and  5. 
'G(>26Ne3+6(KNOa)+3H2e. 

Theor.  p.  ctt. 

17-99 

30-63 

49-43 

1-95 


Foond  p.  cts. 

18-20  18-66 

30-81  30-61 

49-24  49-43 

3-64t  3-92t 


Prqp.  No.  6. 
-Go26N02+6(KNej). 

Theor.  p.  ott.  Found  p.  cti. 

Co-Oj— 18-35  18-58 

KaO— 31-24  31-90 

N^Oa— 50-41  51-21 

HjO-  0-—  0-75 

It  will  be  seen  that,  while  the  general  coincidence  is  well  sus- 
tained, there  are  several  decided  deviations.  We  can  only  call 
attention  to  certain  facts  in  explanation  1st  We  probably  have 
in  some  of  these  preparations,  mixtures  of  the  salts  of  dmerent 
degrees  of  hydration.  2nd.  The  salt  cannot  be  purified  by 
re-crystallization.  3rd.  The  acetate  of  potash  with  which  the 
salt  is  first  washed  is,  as  Ro8e:t  remarks,  only  Temoved  with  diffi- 
culty by  the  alcohol 

flaving  formed  fix>m  these  analvtical  results  our  conclusions, 
let  us  see  if  we  can  find  any  connrmation  of  them  firom  other 
sources.  Lang§  states  that  although  the  corresponding  soda 
and  ammonia  salts  were  probably  formed,  yet  thej  comd  not 
be  obtained  on  account  oi  their  solubility.  By  usmg  a  strong 
NaNOj  solution,  1 1  succeeded  in  obtaining  the  new  soda  com- 

*  Aoetale  of  potash  probably  not  all  washed  out  by  aloohoL 

tUnnaccountablj  high. 
Anal  Gh.  sechste  auflage,  Zweiter  Band,  p.  128. 
Jr.  pr.  Oh.,  Ixxxvii,  303. 
The  KN89  and  NaN8a  solntions  used  in  this  work  were  prepared  as  follows :  1 
part  of  nitre  and  2  parts  <^  lead  were  fiised  together  after  Stromejer's  well-known 
method.    After  the  complete  ozydation  of  the  lead,  the  residue  was  boOed  several 
times  with  water.    The  solution  was  then  filtered  to  remove  the  undissolved  lith- 
arge.   Into  the  filtrate  which  contained  more  or  less  free  alkali,  the  red  gas  evolved 
from  nitric  add  and  sawdust  was  passed  untU  a  neutral  reaction  was  obtidned     This 
red  gas,  however,  does  not  consist  of  the  ozyds  of  nitrogen  alone ;  it  also  oontidns 
some  carbonic  add.    This  throws  down  as  carbonate  of  lead,  the  litharge  whidi 
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pounds,  whiah  I  am  about  to  describe.  To  a  solution  of  £JoCl^ 
which  had  been  boiled  and  then  acidified  with  acetic  acid  I 
added  an  excess  of  NaNOj  solution.  The  mixture  instantly 
became  of  a  dark  color  and  a  yellowish-brown  salt  b^an  to 
form,  with  brisk  evolution  of  nitric  oxyd.  After  some  nours, 
when  the  evolution  of  gas  was  progressing  but  slowly,  I  added 
some  more  of  the  NaNOj  solution,  testing  also  to  assure  myself 
that  the  solution  was  acid,  and  in  a  litSe  while  the  solution 
began  to  assume  a  vellowish  color,  and  I  found  a  clear  yellow 
salt  depositing.  Tnis  led  to  the  conjecture  that  there  were  two 
distinct  soda  salta  I  accordingly  sought  to  obtain  them  dis- 
tinct for  analysis.  This  I  found  to  be  difficult  The  brown 
salt  I  readily  got  almost  pure,  but  succeeded  only  partially  in 
obtaining  the  yellow  one  distinct  The  brown  salt  continues  to 
form,  to  a  greater  or  less  extent,  even  aft«r  the  formation  of  the 
yellow  one  has  begun.  The  preparations  were  all  washed  with 
acetate  of  soda,  which  was  displaced  with  alcohoL  From  analy- 
ses of  them,  and  from  other  and  subsequent  resxdts,  I  am  led  to 
consider  them  as  salts  analogous  to  Fischer's  salt  and  differing 
from  each  other  in  the  number  of  atoms  of  NaNO,  in  combina- 
tion with  the  -GojeNOa.  The  brown  salt  I  would  call  a  di-sodio- 
cobaltic-nitrite,  and  the  yellow  one  a  tri'Sodio-cobaltic-m'trite^  giv- 
ing them  respectively  the  formulas: 

€o26Nea  +  4(NaNe2)+Hae.  And  €o,6Ne,+6(NaN02)+Hae 
The  following  are  the  analytical  results : 

Brovm  SaU,    \st  Preparation. 
•5400  gr.  salt  gave  -4676  gr.  €o2Na44S04=39-94  p.  c.  doO + Na^O 

also  gave  -2374  gr.  €o&e^=21-27  p.c.  £Joe=23-54  p.c. 

€o«e,. 
•6866  gr.  salt  gave  -5041  gr.  €o2Na44&e^«39^64  p.  c.  CoO+Na^e 

also  gave -2616  gr.  €o&e^=21-67p.c.  €JoO=23-87  p.  a 

€0,03. 

Brown  SaU,   2nd  Preparation, 

•6602  gr.  salt  gave  •4806  gr.  €o2Na44&0^  =39-67  p.  c.  €oO+Naj,0 
also  gave  -2426  gr.  £Jo&O^=20'96  p.c.  £JoO=:23-18  p,c. 
■GooOg. 
•4671  gr.  salt  gave  ^4027  gr.  €oaNa449e^=39-77  p.  c.  €oe+Xaae 
also  gave  ^2026  gr.  ■e<:&04=20^99  p.  0.  ■eoO=23*23  p.c. 
€0,03. 
With  1*7064  gr.  salt,  combustion-tube  lost  '4476  gr.,  of  which 
€aCl2  tube  took  up  •1166  gr.=6^78  p.  c.  H^O  leaving  -2920 
gr,=1712  p. a  N.:=4647  p. c  NjO,. 

bad  gone  into  sohiticnL  It  is  now  filtered  and  the  filtrate  evaporated  to  an  oiljr  ood- 
Bistency,  when  the  saltpetre  in  it  will  almost  all  oiystallize  out  We  filter  it  again 
and  if  we  widi  it  stall  purer  we  can  give  it  the  treatment  with  alcx^ol  described  by 
Hampe  (Ann.  Oh.  u.  Ph.,  126,  336).  This  firees  it  completely  from  saltpetre  and 
concentrates  it 
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With  1-8558  gr.  salt,  combustion-tube  lost  '4476  gr.,  of  which 
€a€l2  tube  took  up  •1216=6-55  p.  c.  H^O  leaving  '3260  gr. 
=  17-56  p.c.  N.=47-67  p.c  N^Oa- 

Yellow  Salt    1st  Preparation. 
•6342  gr.  salt  gave  -5448  gr.  €o,Nae5S04 =39-22  p.  c  €oO+Naae 

the  Oo  determination  was  lost. 
•5805  gr.  salt  gave  -4904  gr.  €o2Nae5Se4  =39*28  p.  c.  -eoe+NajO 

also  gave -2431  gr.  €o&04=18-55  p.c.  €oO=20'58  p. a 

CJojO,. 

Yellow  Salt   2nd  Preparation. 

-4197  gr.  salt  gave  -3700  gr.  €o,Nae5Se^=«40-25  p.  c.  ^oO+Na^O 
also  gave  -1723  gr.  €loS04=19-86  p.c.  €oO=2l-98  p. a 

•4873  gr.  salt  gave  -4291  gr.  €o2Nae5Se4=40-20  p.  c  €oe  +  NaaO 
also  gave -2012  gr.  €oSe^=19-98  p. c.  €oe=22-ll  p.c. 
Co^^e,. 

Yellow  SaU.   Srd  Preparation. 

•8554  gr.  salt  gave  ^7354  gr.  €0aNa.5Se4  =39-25  p.  c.  CoO  ^NaaO 
also    gave   -3543   gr.    €o§O^=20-04    €oO=22^18    p.c. 

€o,6Ne,+4(NaNea)4-Hae.       €lo,6Ne,+6(Na]Srea)+H20. 

Theor.  p.  cts.  Fond  p.  eti.        Theor.  p.  eta.                    Found  p.  oti. 

CojOg— 24-13  23-71     23-21          20-10         20-53     22*04     2218 

Na^  0—18-02  18-37     18-70         22^52         20-70     20-31     19-21 

N^e.— 55-23  47-07  (?)•  55-20                                 [20-54] 

HjO-   2-62  6-66  (?)♦    2-18 

Some  error  connected  with  the  -GaCTi  tube  which  I  am 
entirely  unable  to  account  for  has  here  caused  an  error.  It 
will  be  observed  that  in  each  case  the  total  loss  of  the  com- 
bustion-tube is  very  nearly  what  the  theor.  per  cent  of  HjO-l-N 
would  demand,  while  the  increase  in  the  CJa-Cla  tube  is  out  of 
all  proportion.  If  we  examine  the  results  in  the  yellow  salt, 
we  see  that  all  these  preparations  are  more  or  less  mixtures. 
The  last  preparation  mdeed  might  be  put  eaually  under  the 
head  of  the  2-atom  salt,  the  per  cent  in  bracKet  showing  the 
per  cent.Na20  calculated  on  tne  other  formula.  We  are  fortu- 
nately, however,  not  dependant  solely  on  these  analyses  for  our 
evidences  of  the  existence  of  these  two  salts.  On  account  of 
their  partial  solubility,  we  are  enabled  to  obtain  substitution 
compounds  from  them,  which  throw  very  strong  light  on  the 
composition  of  the  alkali-cobaltic  nitrites.  In  one  case,  after 
the  formation  and  filtering  off  of  some  of  the  brown  salt,  chlo- 
rid  of  luteocobalt  was  added  to  the  wine-colored  filtrate,  which 

*  The  foond  per  centages  of  N  +  Hse  in  the  brown  salt  is  the  ayerage  of  two 
detenninations. 
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probably  held  some  of  both  salts  in  solution.  The  strong 
tendency  which  luteocobalt  possesses  to  form  double  salts 
suggested  to  Dr.  Gibbs  that  some  results  might  be  here  obtained. 
A  beautiful  yellow  crystalline  salt  formed  and  settled  quite 
readily.  I  then  prepared  a  considerable  amount  of  it  for  anal- 
ysis. It  proved  to  be  as  good  as  insoluble  in  cold  water,  so 
that  its  washing  was  an  easy  matter.  Its  analysis  shows  very 
clearly  that  it  was  formed  ttom  the  tri-sodio-cobaltic  nitrite,  or 
yellow  soda  salt,  which  existed  in  the  solution,  and  that  one 
atom  of  luteocobalt  exactly  replaces  the  three  of  NajO,  giving 
it  the  formula : 

£Jo2,  6Ne^+€o2l2NH3,  eNOa+HjO. 

The  following  are  the  analytical  results : 

•6627  gr.  salt  gave  '3471  gr.  €o&e4=29-86  p.  c.  €oe=33'03  p.  c- 

■60,03. 
•2867  gr.  salt  gave  -1770  gr.  £oSe^=:29'81  p.  c.  ■Goe=:33-06  p.  c 

•6834  gr.  salt  gave  176^88  cc.  nitrogen  at  3**  and  661-29  mm.  = 
32-79  p.  e.  N.=:19-91  p.  c.  NH„  and  44-60  p.  e.  NjOj. 

1-0866  gr.  salt  gave  with  €u-f  €uO+FbCre4-3746  gr.=34-46  p.  c. 
H2e=32-09  p.  c.  from  NH3+2-37  p.  c.  H,e. 

€oa,  6Ne2+€o,12NH3,  6^0,4.11,0. 

Theor,  p.  eta.  Found  p,  cts. 

■00203     32-87  33-04 

NH3-20-20  19-91 

^,03— 46-16  44-60 

H,0—  1-78  2-37 

I  now  tried  chlorid  of  purpureo-cobalt  upon  some  of  the  same 
solution  and  got  a  roseo-cooalt  compound,  exactly  analogous 
to  that  of  luteocobalt,  its  formula  being — 

■Go26N0,+-Go,lONH3  6N0,+H,0. 

The  following  were  the  analytical  results  : 

-3186  gr.  salt  gave  -1974  gr.  €o&04=29-98  p.c.  €o0z=:38-18  p.  o. 
€0,0,. 

€o„  6N0,+€o,lONH3,  6N0,+H,0. 

Theor.  p.  ct         Found  p.  ci 
€o,03— 34-02  83-18 

This  salt  is  not  nearly  as  insoluble,  however,  as  the  luteocobalt 
salt  and  but  a  little  of  it  could  be  obtained.  At  first  I  got  it  as 
a  yellow  and  very  crystalline  salt  on  the  sides  of  the  beaker,  after 
standing  some  little  time.  The  crystals  examined  under  the 
microscope  were  beautifully  defined  monoclinic  prisms  with 
terminal  planes.     The  portion  I  analyzed  had  more  of  the  color 
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of  the  salts  of  roseo-cobalt  and  showed  under  the  microscope  a 
star-shaped  aggr^ation  of  small  crystals, 

I  also  form^  in  the  soda-salt  solution  a  yellowish  xantho- 
cobalt  compound  having  probably  an  analogous  constitution 
but  did  not  get  enough  of  it  to  analyza  Examined  imder  the 
microscope,  tne  crystals  were  seen  to  oe  of  a  peculiar  cup-shaped 
appearance  and  quite  large  and  pointed. 

The  ammonium  salts  were  next  examined.  That  one  at  least 
existed  had  been  foimd  by  Gibbs  and  Qenth,*  although  it  had 
not  been  analyzed  by  them.  Erdmannf  had,  however,  formed  an 
ammonium  salt  exactly  corresponding  to  Fischer's  salt  I  suc- 
ceeded in  forming  this  and  another,  tne  two  exactly  correspond- 
ing in  constitution  to  the  two  soda  salts.  The  circumstances  un- 
der which  the  different  salts  form  I  am  not  able,  however,  to  state 
at  all  positively,  except  that  in  forming  the  3-atom  salt  I  had 
more  concentrated  -GoCla  and  NH^NOj  solutions.  They  are 
both  bright  yellow  and  could  not  be  distinguished  by  their  color. 
We  may  term  them  the  di-ammoniO'CohalUc  nitrite  and  the  tri- 
ammonio-cobaUic  nitrite^  their  formulas  being  respectively 

€0a6Ne,+4(NH4Ne2)+2HaO 
and  €oa6N02+6(NH^NOa)+2H2e. 

The  following  were  the  analytical  results : 
Two-atom  Salt 

•44?*5  gr.  salt  gave  -2022  gr.  <ioBQ^=2\'11  p.c.  ■Go6=24-09  p.o. 
€0^03. 

Three-atom  Salt, 

•2992  gr.  salt  gave  -1145  gr.  €o&04=18-53  p.c.  €oO=20-51  p.c. 

CJo^Og. 
•4169  gr.  salt  gave  1602  gr.  €o&e4^= 18-69  p.  c.  €oO=20-68  p.  c. 

€026NrO2  +  4(NH^]Srea)  +  2H2e.  €o26Ne3+6(NH4NOj)+2H3e. 

Th«or.  pr.  et.  Found  i>r.  ct.  Theor.  pr.et.  Pound  pr.et. 

"GoaOg— 24-20  24'09  20'39  20'65 

Lang  is  more  nearly  right  in  the  case  of  these  ammonia  com- 
pounds -^an  in  regard  to  the  soda  salts,  they  being  much  more 
soluble.  I  was  unable,  however,  to  obtain  any  substitution 
compounds.  With  this  additional  light  we  are  now  prepared 
to  draw  some  conclusions.  We  find  that  our  luteocobalt  and 
roseocobalt  compounds  are  exactly  analogous  to  the  cobalti- 
cyanids  of  luteocobalt  and  roseocobalt  formed  by  Gibbs  and 
4enth,$  the  only  difference  being  that  the  monatomic  radical 
NO2  here  replaces  the  monatomic  radical  Cy.     This  I  think 

*  Researches  on  Ammonia  cobalt  bases,  p.  48.  f  Jour.  Pr.  Oh.,  zcvii,  405. 

X  Researches  on  Ammonia  cobalt  bases,  pp.  40,  and  18. 
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gives  us  a  very  strong  argument  in  fevor  of  the  exact  analogy 
of  the  8-atom  soda  salt  and  with  it  of  Fischer  s  salt,  to  the 
cobalticyanid  of  potassium,  fix)m  which  the  salts  of  Qibbs  and 
Genth  were  formed-  With  this  view  of  these  salts,  we  are  able 
to  discern  yet  other  analogies.  Iridium  forms  a  number  of  scs- 
quioxyd  salts  very  similar  to  those  of  cobalt  We  have,  indeed, 
two  double  chlorids  of  iridium,  exactly  analogous  to  the  2-atom 
and  3-atom  soda  or  ammonia  salts.     Their  formulas  are 

IraCle+4KCl  and  IrjCle+eKCl 
in  which  we  should  expect  monatomic  CI  to  be  exactly  replace- 
able by  monatomic  NO ,  and  so  we  find  that  it  is.     Dr.  Gibbs 
has  discovered  an  iridium  salt,  having  the  formula 

Ir26Nea+6(KNe,)+2H20, 
an  exact  analogue  of  Fischer's  salt     Lang*  also  has  discovered 
a  rhodium  salt,  whose  formula  Rha6N02+6(KN02)  is  precisely 
analogous.     If  we  place  together  for  a  moment  the  three  salts 
in  question,  their  identity  of  constitution  becomes  apparent 

IrgOj,  3N2e3+3(K2e,  N2O3)  or  Ir^eNOa+eCKNe,)— Gibbs. 
fthjO,,  3^203 +  3(K2e,  Nr^Oa)  or  fthaeNOj  +  eCKNOa)— Lang. 
CoaOj,  3Nfl08+3(Kse,  N  O3)    or    €o26Nea+6(KNOa)— Sadtler. 

I^  therefore,  we  are  to  place  any  dependence  at  all  upon  analogy, 
the  universal  occurrence  of  the  hexatomic  €oa  atom  in  all  our 
compounds,  is  what  we  should  expect,  a  priori.  The  analyses 
of  the  series  of  salts  I  think  fullv  confirms  this  expectation. 

I  have  now  to  discuss  some  related  compounds— those  formed 
in  neutral  solutions.  Erdmann  first  pointed  out  the  distinction 
between  these  and  the  normal  Fischer's  salt  He  obtained  and 
analyzed  a  yellow  " neutral  salt"  I  obtained  one  corresponding 
to  this,  ana  one  of  a  difierent  ratio.  By  adding  a  somewhat 
dilute  solution  of  KNO3  to  a  warm  solutionof  €oCl8, 1  obtained 
a  highly  crystalline  precipitate,  which  was  shortly  followed  by 
a  somewhat  crystalline  greenish  salt,  which  was  again  followed 
after  some  time  by  a  yellowish  precipitate,  with  little  or  no  crys- 
talline character.  The  appearances  were  indicative  of  fiie 
successive  formation  of  three  protoxvd  oompounda  This  how- 
ever, I  found  was  not  the  case.  The  black  precipitate  under 
the  microscope  was  seen  to  consist  of  beautifully  defined  cubes 
of  a  very  dark  green  color,  and  the  green  precipitate  was  seen 
to  consist  of  similar  cubes,  though  much  smaller.  Analysis 
afterward  proved  them  to  be  the  same  salt  in  different  states 
of  aggregation-  On  adding  a  warm  concentrated  solution  of 
KNO3,  however,  to  a  warm  concentrated  solution  of  €JoClt 
nothing  is  formed  but  a  flocculent  yellow  precipitate,  which  ap- 
pears to  be  the  same  as  that  which  I  formed  over  mercury  in  the 
eudiometer  tube.  The  formulas  of  these  salts  appear  to  be  as 
*  Rojal  Swedish  Acad.  Trans.,  1864. 
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follows.  For  the  black  or  green  salt  2(€o2Ne2)  +  2(KNe^)  +  HjO 
and  for  the  yellow  salt  €o2Nre2+2(KNe2)-fHaO,  and  the  first 
may  be  termed  a  potassw-dicobcUtous  nitrite  and  the  second  a 
potassio-moruhcobaltous  nitrite.  Appended  are  the  analytical 
results. 

Prq>,  No.  1. — Black  Salt,  very  crystalline. 

•5421  gr.  salt  gave  -5421  gr.  eOaK^SSO^  =50-48  p.c.  CoO+K^O 
also  gave  3425  gr.  €o&O-=30'67  p.  c  €oO. 

•7341  gr.  salt  gave  -7361  gr.  €o2K23^e4=60-57  p.c.  eoO+KaO 
also  gave  •4662  gr.  €o&O4=30-73  p.  c.  €o0. 

Prep,  No.  2. — Oreen  Salt  (had  not  been  washed  for  analysis. 

•3003  gr.  salt  gave  -3063  gr.  €oaK28S04z=51-44  p.c.  €oO+K,0 
also  gave  -1846  gr.  ■GoS04=29-74  p.  c.  €oO. 

•3221  gr.  salt  gave  -3286  gr.  €02Ka3SO4=61-45  p.c.  CoO+KaO 
also  gave  -1971  gr.  €0^04=  J9-61  p.  c.  CoO. 

Prep.  No,  3. — Black  and  Oreen  Salts  mixed,  very  crystallina 

•6942  gr.  salt  gave  -6978  gr.  -GoJK  8Se*=50'70  p.  c.  €oe+aKe 
also  gave  '4410  gr.  €oSO  4=^30-74  p.  c  €oO. 

•4713  gr.  salt  gave  ^4730  gr.  ■Go8Kj.3SO4=50-62  p.c.  €oe=Kae 
also  gave  -3004  gr.  €oS64=30-84  p.  c.  €o0. 

Prep.  No.  L— Yellow  Salt 

•2702  gr.  salt  gave  -2631  gr.  €oKa2Se4=50-06  p.  c.  -GoO+Kae 
also  gave  1235  gr.  £Jo&04=22^12  p.  0.  €oO. 

•4615  gr.  salt  gave  '4497  gr.  €oKa2Se4=50-08  p.  c.  -GoO+KaO 
also  gave  -2103  gr.  €oSe*=2206  p. a  €oO. 


2(€o2Nea)+2(KNe,)+H, 

,e. 

€o2Nea+2(KNea)+H8e 

Tbeor.p.cts. 

Found  p.  e.  etB, 

Tbeor.  p.  ett. 

Found  p.  cts. 

€oe- 

-30-60 

80-65 

29-67 

30-79 

22^11 

22^08 

KjO- 

-19-22 

19-85 

2P78 

19-87 

27-77 

27-09 

NiO.- 

-46-51 

44-80 

H,e- 

-  3*67 

5-31 

In  looking  over  the  analytical  data  of  these  analyses  of  pro- 
toxyd  salts,  we  notice  a  striking  similarity  between  the  weights 
of  salt  taken  and  weights  of  double  sulphates  obtained.  The 
explanation  is  very  simple,  and  yet  I  believe  there  is  involved 
in  it  a  feet  of  importance.  The  similari^  of  weights  is  due 
to  the  similarity  of  atomic  weights  of  NaO,  and  SO,  (76  and 
80)  with  which  the  bases  are  combined.  Now  in  none  of  the 
very  many  determinations  made  in  the  "  acid  salts,"  do  we  find 
such  a  similarity.  On  the  contrary  we  find  the  weight  of  double 
sulphates  to  be  invariably  less  than  the  weight  of  salt  taken  and 
in  a  fixed  ratio.  The  explanation  of  this  is  that  ■eoa083N30s  by 
digestion  with  H2SO  is  converted  into  two  atoms  of  neutral 
€o&e*  and  becomes  2(€oS04).    2€oO,2Na08  simply  assumes 
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SOg  instead  of  NaOj  and  becomes  likewise  2(-eo&04).  The 
first  loses  and  atom  of  NO2  which  the  second  does  not  We 
have  here  a  strong  evidence  of  the  totally  diflferent  habitus  of 
the  €0  atom  in  the  "  neutral "  and  in  the  "  acid  "  salts. 

Having  now  made  a  complete  statement  of  all  mv  analytical 
results  in  the  case  of  Fischer's  salt  proper,  as  well  as  in  this 
series  of  analogous  and  related  compounds,  which  I  have 
described  in  this  connection,  and  noticed  the  conclusions  to  be 
drawn  fix)m  them,  before  summing  up  mv  argument,  I  will 
examine  how  the  results  of  Stromeyer,  Erdmann  and  Braun 
compare  with  my  own.  In  the  first  case  I  think  the  last  argu- 
ment drawn  from  the  similarity  of  weights  of  double  nitrite  and 
double  sulphate  in  the  protoxyd  salts  and  the  difference  of 
weights  of  double  nitrite  and  double  sulphate  in  the  sesquioxyd 
salts,  effectually  precludes  our  assigning  a  formula  like  that  of 
Stromeyer,  in  which  2(N208)  combmes  with  €o«Oii,  to  the  nor- 
mal Fischer  s  salt  The  salt  Stromeyer  analyzed  was  probably 
a  mixture  of  "  acid  "  and  "  neutral "  salts,  as  he  speaks  of  adding 
"a  little  acetic  acid."  It  is  easily  seen  that  a  mixture  of  the 
"  acid  salt "  and  the  yellow  "  neutral  salt "  would  give  figures 
approximating  to  his.  Erdmann^s  results  correspond  in  the 
main  to  the  analysis  of  my  second  preparation.  The  only  differ- 
ence then  is  that  I  have  introduced  a  generalization,  which  I 
think  my  figures  fully  justify.  With  Braun's  resiilts,  I  am 
hardly  able  to  make  a  comparison,  as  he  made  his  preparation 
in  a  manner  totally  different  from  that  followed  by  either  Erd- 
mann or  myself  His  formulas,  as  might  be  inferred  fix^m  my 
statement  of  them  in  the  beginning  of  this  paper,  I  am  still  less 
able  to  accept 

To  sum  up  briefljr,  the  reasons  for  regarding  Fischer's  salt  as 
a  potassio-coDaltic  nitrite,  having  the  essential  formula 
€o,6Ne8+6(KNe  )-|-aq.  are— 

1st  The  liberation  of  O  at  the  moment  of  its  formation  and 
the  rapidity  with  which,  under  these  circumstances,  the  salt 
forms,  would  seem  to  justify  the  assumption. 

2nd.  The  analyses  of  six  distinct  preparations  sustain  it 

3rd.  The  existence  of  corresponding  sodic  and  ammonic  salts 
is  proved  by  analysis. 

4tli.  The  formation  of  substitution  compounds  exactly  analo- 
gous to  well  known  salts  is  proved  by  anaiysia 

5th.  The  analogy  of  Fischer's  salt  to  double  cyanids,  chlorids 
and  nitrites  proved  to  contain  a  similar  hexatomic  atom. 

6th.  The  difference  of  ratio  between  the  weights  in  the  pro- 
toxyd and  sesquioxyd  salts  is  marked  and  constant  throughout 

Accepting  these  proofs,  we  will  sum  up  with  equal  brevity 
the  formulas  of  the  salts  analyzed  on  this  view : — 
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Tri-potassio-cobaltic  nitrite,  €Jot6NOa+6(KN02)+aq. 

Di-sodio-cobaltic  nitrite,  €0a6NO2H-4(NaNO2)+HaO. 

Tri-8odio-cobaltic  nitrite,  €o26Nea4-6(NaN08)4-H20. 

Di-ammonio-cobaltic  nitrite,  €o86NOa-f-4  ( N  ll4N02)-|-2H20. 

Tri-ammonio-cobaltic  nitrite,  €oa6NOa+6(NH4N02)-|-2H80. 

Lut eocobaltio-cobaltic  nitrite,  €o26N  Oa+CJoa  1 2NH8, 6  N  Oa+HaO. 
Roseocobaltio-cobaltic  nitrite,  -eo26NOj+€oalONHa,  GNOa+HaO. 
Xanthocobaltio-cobaltic  nitrite, 

Potassio-dicobaltous  nitrite,  2(-eo2NOa)+2(KNOa)+H80. 

Potassio-monocobaltons  nitrite,  €oaNOa-|-2(KNOa)4-HaO. 

These  it  will  be  seen  are  capable  of  ready  conversion  into  atomic 
formulas,  thus:  €oa^^[K(NOa)2]6  and  £roa"'[(Na(NOa)2)a  (NOa)^ 
and  so  on- 

In  the  course  of  my  examination  of  these  salts,  I  had  an 
opportunity  of  comparmg  the  relative  merits  of  the  diflferent 
analytical  methods  employed.  A  brief  statement  in  regard  to 
them  may  be  of  some  value. 

1st  Determination  of  -Go  and  K.  The  double  sulphate 
method  already  alluded  to,  was  first  proposed  by  Gibbs  and 
Genth,*  and  1  find  it  to  give  extremely  close  results.  Sul- 
phuric acid  is  added  to  the  weighed  portion  of  the  salt  in  a 
pjorcelain  crucible,  which  is  then  heateid  carefully,  either  by  a 
ring  gas  burner  from  above,  or  by  radiation  while  supported  in 
a  sheet-iron  crucibla  After  the  nitrous  acid  is  all  driven  off 
with  most  of  the  excess  of  sulphuric  acid,  the  sulphates  begin 
to  fuse  and  as  the  last  trace  of  sulphuric  acid  goes  off,  thev 
pass  into  calm  fusion.  They  will  then  bear  a  very  consid- 
erable increase  of  heat  without  ferther  decomposition.  I 
found  this  method  capable  of  extension  to  both  the  soda  salts, 
as  well  as  to  the  protoxyd  salts,  the  double  sulphates  formed 
having  of  course  a  constitution  depending  upon  the  proportion 
of  the  bases  in  the  original  salta  The  sSda  sulphates  aid  not 
appear,  however,  to  possess  as  perfect  a  fusibility  as  the  double 
potash  sulphate  fix)m  Fischer's  salt,  while  the  double  sulphates 
from  the  protoxyd  potash  salts  were  also  less  fusible,  in  propor- 
tion to  their  greater  ratio  of  -Co,  I  give  an  instance  in  proof 
of  the  accuracy  of  this  method.  Four  determinations  of 
€oO+K20  were  made  inpreparation  No.  6  of  Fischer's  salt  in 
the  manner  described.  Tne  percentages  of  double  oxyds  were 
48-71,  48-69,  48-66,  48-71.  This  method  was  tried  by  Gauhef 
without  obtaining  good  results.  Several  points  are  to  oe  noticed 
however.  The  salt  in  which  Gauhe  sought  to  verify  the  compo- 
sition of  the  double  sulphate  was  plaimy  a  mixture  of  "  acid  " 
and  "  neutral "  salt  He  says,  "  after  some  days  small  amounts 
deposited."     This  was  before  Erdmann's  paper  had  appeared. 

*  Besearches  on  Ammonia  oobalt  bases,  p.  49. 
f  Zeitsch.  AnaL  Ch.,  iv,  p.  56. 
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Again,  Qauhe  will  find  tliat  Gibbs  and  Genth  never  even  men- 
tioned the  use  of  (NH4)2^08  in  this  connection,  so  that  his  ex- 
periments were  plainly  made  imder  diflFerent  conditions  from 
those  proposed. 

2d.  Determination  of  Co.  I  prefer  to  determine  €Jo  as  neutral 
€oS04.  We  have  the  advantage  here  of  determining  the 
■Go  in  the  form  of  a  compound  of  higher  atomic  weight,  thus 
lessening  our  errors  of  analysis.  The  cobalt  is  precipitated  from 
the  solution  of  the  double  sulphates  as  €oS,  wasned  with  hot  sul- 
phid  of  ammonium  water,  dned  and  roasted  and  then  converted 
into  sulphate  with  the  aid  of  aqua  regia  and  sulphuric  acid.  The 
results  are  good,  although  not  so  exact  as  in  the  case  of  the  fiisi- 
ble  double  sulphates.  I  also  determined  €o  as  metal  by  H  after 
its  precipitation  as  hvdrated  oxyd  by  01  and  acetate  of  soda, 
a  method  proposed  by  Popp.*  Instead  of  01  I  found  it  far 
more  convenient  in  practice  to  use  a  strong  solution  of  Ol^Oi, 
which  is  a  powerful  oxydizing  agent,  and  as  it  can  be  kept, 
becomes  a  useful  laboratory  reagent  This  method,  however, 
does  not  always  give  good  results,  on  account  of  the  difficulty  of 
washing  the  hydrated  ^o%^%  till  free  from  alkali 

8d.  Determination  of  the  N.  This  was  done,  first  by  the 
modification  of  Bunsen'sf  method  proposed  by  Dr.  W.  Gibbs,^: 
which  space  will  not  permit  me  to  give  in  detail  The  reader 
is  therefore  referred  to  the  original  paper.  Suffice  it  to  say,  that 
for  nitrates  and  nitrites  to  which  it  is  applicable,  it  is  an  excel- 
lent method.  The  loss  of  the  combustiou-tube  can  be  nothing 
but  N  and  HjO.  I^  therefore,  the  €a01a  tube  retains  the  HjO 
accurately,  the  remainder  is  N.  Whether,  therefore,  the  H2O  is 
accurate,  or  high  from  hygroscopic  moisture,  the  nitrogen  must 
be  accurate,  being  subject  to  no  souh^e  of  error. 

The  nitrogen  was  also  determined  by  volume,  using  the  Spren- 
gel-pump.  This  method  was  first  proposed  by  Frankland§  for 
nitrogen  in  analyses  of  potable  waters,  but  he  did  not  apply  it 
then  to  organic  analysis.  The  application,  however,  had  hieen 
made  in  this  laboratory  by  Dr.  Gibos  some  months  before  Dr. 
Frankland's  paper  was  received.  A  vacuum  is  first  made  in  the 
combustion-tube  by  means  of  the  mercury-pump.  The  delivery- 
tube  from  the  pump  is  then  connected  with  a  Simpson's  receiver 
and  the  vacuum  destroyed  by  heating  some  "GOj  placfed  in  the 
anteriorportion  of  the  tube.  Any  excess  of  €0^  is  absorbed 
by  the  KHO  solution  in  the  receiver.  The  combustion  is  now 
made.  A  final  vacuum  is  then  obtained  by  the  pump  and  the 
receiver  disconnected.  After  a  short  time  the  gas  is  transferred 
to  a  eudiometer-tube  and  measured  according  to  the  methods  of 
gas-analysis.     The  results  are  generally  good,  but  depend  upon 

*  Ann.  Oh.  u.  Ph.,  131,  363.  +  Ann.  Ch.  u.  Ph.,  72,  40. 

X  This  Jofir.,  xxxvii,  360.  §  Jour.  Ch.  Soc.,  1868,  p.  90. 
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the  vacuum  obtained  at  the  beginning  and  end,  on  the  perfect 
combustion,  and  on  the  perfect  transfer  of  the  gas. 

In  conclusion  I  would  present  my  grateful  acknowledgments 
to  Dr.  W.  Gibbs,  to  whose  kindness  I  am  indebted  for  the  selec- 
tion of  my  subject,  for  the  use  of  materials,  and  for  many  val- 
uable suggestions  during  the  prosecution  of  my  work. 

Cambridge,  Jan.,  1870. 


Abt.  XXV. — Notice  of  some  Fossil  Birds ^  from  the  Oretaceous  and 
Tertiary  F(yrmations  of  the  United  States ;  by  O.  C.  Mabsh, 
Professor  of  Paleontology  in  Yale  Gollega 

The  remains  of  Birds  described  irom  European  rocks  are  at 
present  limited  in  the  Mesozoic  to  the  famous  Archoeoptervx 
of  the  Jurassic,  and  apparently  a  single  species  only  from  the 
Cretaceous;  but  in  the  Tertiary  period,  and  especially  in  the 
Miocene  and  Pliocene,  this  class  was  very  fully  represented  by 
many  of  the  modem  types,  and  tiumerous  species  nave  already 
been  described  by  Owen,  von  Meyer,  Gervais,  Hubert,  Lartet, 
Oaudry,  A.  Milne-Edwards,  and  other  paleontologists.  In  this 
country,  however,  since  the  discovery  that  the  three-toed  foot- 
prints m  the  Connecticut  river  sandstone  were  probably  aU  made 
Dy  Dinosaurian  reptiles,  no  species  of  birds  have  been  included 
in  our  extinct  feuna,  as,  with  this  apparent  exception,  none  have 
been  described  from  any  North  American  strata.  Kecent  ex- 
ploration^, however,  have  shown  that  remains  of  this  class  are 
not  wanting  in  the  later  formations  of  the  United  States,  and 
that  the  Cretaceous  and  Tertiary,  especially,  contain  representa- 
tives of  many  interesting  form& 

The  bones  of  birds,  as  might  naturally  be  expected,  are 
usually  the  rarest  of  vertebrate  fossils,  pcuiicularly  in  marine 
deposits ;  but,  fortunately,  those  parts  of  tne  skeleton  most  likely 
to  be  preserved  are  especially  characteristic,  so  that  even  small 
portions  not  unfrequently  admit  of  accurate  determination, 
although  their  investigation  is  a  work  of  considerable  difficulty, 
even  where  anjple  mataial  for  comparison  with  recent  species 
is  available.  The  specimens  briefly  described  in  the  present 
preliminary  notice,  althouj^h  nearly  all  frasmentarv,  are  in  an 
excellent  state  of  preservation ;  ana  most  of  them  show  strongly 
marked  characters,  which  indicate  at  least  the  near  affinities  of 
the  species  they  represent    K  the  interpretation  of  them  here 

fiven  be  correct,  they  prove  the  existence,  in  this  country,  even 
efore  liie  close  of  the  Mesozoic,  of  an  interesting  and  varied 
grotip  of  aquatic  birds,  and  suggest  for  this  period  a  very  rich 
avine  fauna. 
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Kemains  of  Cretaceous  BiRDa 

Among  the  fossils  under  consideration  are  specimens  indicat- 
ing five  species  of  Cretaceous  birds,  the  remains  of  which  were 
found  in  the  greensand  of  New  Jersey,  and  with  a  single  ex- 
ception in  the  middle  marl  bed.  The  specimens  are  all  miner- 
alized, and  in  the  same  state  of  preservation  as  the  bones  of  the 
extinct  reptiles  which  occur  with  them  in  these  deposits ;  and 
hence  are  readily  distinguished  from  the  remains  of  Post-tertiary 
and  recent  birds,  which  have  occasionally  been  found  near  the 
surface  in  the  greensand  excavations  of  that  r^on.  In  most 
instances,  moreover,  a  record  of  the  discovery  places  the  geolog- 
ical horizon  of  the  present  fossils  beyond  a  doubt 

Laxyrnis  Edvardsianus  Marsh,  gen.  et  sp.  nov. 

The  most  interesting,  in  many  respects,  of  the  specimens  from 
the  Cretaceous  is  a  portion  of  the  shaft  and  distal  extremity  of 
a  left  tibia,  which  indicates  a  species,  apparently  of  a  swimming 
bird,  nearly  as  large  as  the  conmion  wild  swan  {Cygnus  Amert- 
canus  Sharpless).  The  specimen  is  well  preserved,  and  shows 
that  the  tioia,  when  entire,  was  of  medium  length,  and  quite 
robust  The  condyles  of  the  distal  end  are  broader  anteriorily 
than  deep,  the  inner  condyle  being  more  prominent  in  front, 
and  the  outer  one  projecting  somewhat  farther  behind.  The 
inter-condyloid  space  is  wider  than  either  condyle.  The  supra- 
tendinal  bridge — one  of  the  most  characteristic  portions  of  the 
skeleton,  when  present— is  well  ossified,  and  still  uninjured. 
It  is  submedial  in  position,  straight,  transverse,  of  moderate 
width,  and  spans  a  deep  and  well  defined  canal,  which  was 
traveraed  by  the  extensor  tendon  of  the  toes.  The  outer  mar- 
gin of  the  canal  is  low  and  obtuse,  as  in  most  of  the  Gallinace- 
ous birds.  The  inner  margin  is  the  more  prominent,  and  just 
above  the  upper  edge  of  tae  bridge  it  supports  an  elongated 
tubercle  for  the  inner  attachment  of  the  obh^ue  ligament  Op- 
posite the  bridge,  on  the  other  margin,  there  is  a  large  triangular 
elevation,  which  is  separated  by  a  shallow  transverse  groove  from 
the  exterior  condyla  To  this  prominence  the  outer  end  of  the 
oblique  ligament  was  attached.  The  outlet  of  the  canal  above 
the  bridge  is  transversely  elliptical  in  outline,  and  the  one  be- 
low more  oval,  and  looking  forward,  and  slightljr  outward. 
Just  below  this  aperture,  there  is  a  shallow  depression  in  the 
inter-condyloid  space,  similar  in  shape  and  position  to  that  in 
the  tibia  of  the  wild  goose  {Bemicla  Canadensis  Boie),  although 
rather  deeper,  and  more  obliqua  The  under  trochlear  surface 
is  but  slightly  concave  transversely,  and  has  a  faint  median  ele- 
vation, as  in  the  tibia  of  the  swan ;  but  in  the  present  specimen 
this  is  continued  along  the  entire  posterior  surface,  which  is 
broad,  with  a  slight,  transverse  concavity.    On  the  lower  surfece 
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of  the  inner  condylar  ridge  there  is  a  shallow  notch,  resembling 
in  shape  andposition  that  in  the  tibia  of  some  of  the  Gulls,  es- 
pecially the  Herring  Gull  {Larus  argentatus  Briinn,).  The  ecto- 
condyloid  surface  is  unusually  circular  in  outline,  and  has,  for 
the  attachment  of  the  external,  articular  ligament,  a  low  tuber- 
cle, a  little  behind  and  below  its  central  point  Just  in  front  of 
this,  there  is  a  shallow  groove  extending  directly  upward.  The 
ento-condyloid  surface  is  moderately  transverse,  and  has  on  its 
anterior  portion,  for  the  attachment  of  the  internal  ligament,  a 
large  irregular  tubercle,  which  is  connected  by  a  low  ndge  with 
the  prominent  inner  margin  of  the  tendinal  canaL  A  portion 
of  the  fibular  ridge  remains  on  the  upper  part  of  the  specimen, 
and  a  faint  indication  of  its  continuation  can  be  traced  nearly 
to  the  ecto-condyloid  surface,  where  it  passes  into  a  small,  acute, 
elongated  tubercle,  which  is  just  outsiae  of  the  triangular  prom- 
inence, already  mentioned.  JBetween  these  two  elevations,  there 
is  a  deep  groove  for  the  tendon  of  the  short  tibial  muscle,  and 
in  its  inner  mar^  a  small  elongated  foramen,  leading  obliquely 
downward  and  inward. 

The  portion  of  the  shaft  preserved  is  robust,  and  somewhat 
flattened  in  an  antero-postenor  direction.  In  the  lower  fourth 
of  the  bone,  the  transverse  diameter  gradually  increases,  and 
reaches  its  maximum  at  the  extremity  of  the  distal  condyles. 
The  shaft  curves  forward  slightly  just  where  it  begins  to  expand 
above  the  lower  condyles,  closely  resembling  in  this  respect  the 
tibia  of  the  turkey ;  and  it  has  at  this  point  little  of  the  marked 
inward  curvature,  characteristic  of  the  swimming  birds,  but  is 
so  straight,  that  its  median  plane,  if  continued,  would  divide 
the  trochlear  surface  nearly  equally. 
The  dimensions  of  the  specimen  are  as  foUows : — 
Length  of  portion  preserved,         .  •  ,     70'""' 

Width  of  condyles  in  front,      .  .  ,  23* 

Depth  of  outer  condyle,     ....     19*1 
Width  of  bridge  at  center,       .  .  .  6*2 

Transverse  diameter  of  upper  outlet,         .  .      5* 

Transverse  diameter  of  lower  outlet,   .  .  4*4 

Transverse  diameter  of  shaft  where  broken,  .     1 1  -8 

Antero-posterior  diameter  of  shaft  where  broken,       0*6 

A  consideration  of  the  characteristic  points  of  this  interesting 
fossil  leads  to  the  conclusion  that  it  should  be  placed  in  the 
order  Naiatores,  but  additional  remains  will  probably  be 
required  to  determine  its  exact  affinities.  It  shows  a  strong 
resemblance  in  several  respects  to  the  Lamellirostres,  and  also  to 
the  Lonffipennes,  but  differs  essentially  from  the  typical  forms 
of  both  these  groups.  For  the  extinct  genus  evidently  repre- 
sented by  this  specimen  the  name  Laomis^  is  proposed.  The 
*  Adof,  tftone,  and  'Opvif,  hird. 
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species  may  very  justly  be  named  Laomis  JEdvardsiantcs,  in 
honor  of  M.  Alphonse  Milne-Edwards,  of  Paris,  whose  great 
work  on  Fossil  Birds,  now  in  course  of  publication,  promises  to 
place  this  hitherto  neglected  branch  of  paleontology  on  a  firm 
foundation.* 

This  unique  specimen  was  found  in  the  greensand  of  the 
upper,  Cretaceous  marl  bed,  at  Birmingham,  New  Jersey,  in  the 
pits  of  the  Pemberton  Marl  Company,  and  was  presented  to 
the  Museum  of  Yale  College  by  the  superintendent,  J.  C.  Gas- 
kiU,  Esq.    • 

Pakeotringa  littoralis  Marsh,  gen.  et  sp.  noT. 

The  present  collection  contains,  also,  some  remains  of  wading 
birds  from  the  Cretaceous,  and  among  them  are  specimens  indi- 
cating two  species,  apparently  belonging  to  the  GhraMce.    Each  of 
these  is  represented  by  a  portion  of  the  shaft,  and  the  lower  ex- 
tremity of  a  left  tibia,  and  probably  by  some  other  fragmentary, 
but  less  characteristic  parts  of  the  skeleton.     The  tibia  of  the 
larger  species  resembles  in  size  and  general  form  that  of  the 
European  Curlew  {Numenius  arquata  Linn.).     The  condyles  of 
the  distal  end  are  expanded  anteriorly,  but  in  their  posterior 
extension  continue  upward  as  acute,  prominent  ridges.     The 
inner  condyle  is  somewhat  narrower  than  the  outer.     The  inter- 
condyloid  space  is  smooth,  with  the  exception  of  a  faint  trans- 
verse groove,  and  is  wider  than  either  condyla     The  trochlear 
surface  is  broad,  slightly  concave  transversely,  and  its  median 
portion  nearly  flat,  especially  at  the  extremity.     Its  upper,  pos- 
terior surface  projects  slightly  beyond  the  fitce  of  the  adjoining 
shaft;.     The  ecto-condyloid  surfiice  is  smooth,  and  somewhat 
concave.     The  supratendinal  bridge  is  narrow,  very  thin,  trans- 
verse, and  has  its  outer  edge  on  the  median  line.     The  tendinal 
canal  is  very  broad  and  deep,  and  its  floor  nearly  flat     In  its 
general  features  it  resembles  the  canal  of  the  Hemng,  or  Silvery 
GulL     The  aperture  below  the  bridge  is  oval  in  outline,  and 
looks  forward,  and  slightly  inward  and  downward.     On  the 
outer  margin  of  the  canal,  just  above  the  exterior  condyle, 
there  is  a  triangular  rugose  surfece,  to  which  the  oblique  liga- 
ment was  apparently  attached.     This  surface  projects  outward, 
so  as  to  produce  a  slight  swelling  at  this  point  on  the  side  of 
the  shaft.     The  interior  ma]:gui  of  the  canal  is  the  more  acute, 
and  just  above  the  bridge  has  on  its  inner  edge  a  small  elon- 
gated and  inflected  tubercle  for  the  attachment  of  the  upper 
end  of  the  oblique  ligament 

The  diaft  of  the  tibia  ia  slender,  and  has  its  narrowest  part 
at  the  beginning  of  the  lowest  fourth,  or  a  little  above  where 
the  margins  of  the  tendinal  canal  begin.     From  this  point 

*  Beoherches  but  lea  Oiseaux  FossUes  de  la  France.    4to.  Paris,  186Y-Y0. 
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downward,  the  shaft  cxirves  slightly  forward,  and  also  expands 
transversely,  but  much  more  gradually  than  in  most  wading 
birds.  The  lower  half  of  the  tibia  ia  unusually  flat  in  front, 
and  very  convex  behind.  A  transverse  section  of  the  broken 
end  is  broadly  ovaL 
The  admeasurements  of  this  tibia  are  as  follows : — 

Length  of  portion  preserved,         -        -        -  48 'S"*™' 

Width  of  condyles  in  front,       -        -        -  -      9*7 

Depth  of  outer  condyle,         -        -        -        -  8*6 

Width  of  bridge  at  center,        -        -        -  -      1*6 

Transverse  diameter  of  upper  outlet,     -        -  2* 

Transverse  diameter  of  lower  outlet,         -  -      1*0 

Transverse  diameter  of  shaft  where  broken,  -  4*7 
Ai^tero-posterior  diameter  of  shaft  where  broken,    8*8 

The  remains  on  which  this  species  is  established  are  fix)m 
the  Cretaceous  greensand  of  the  middle  marl  bed.  They  were 
discovered  by  Nicholas  Wain,  Esq.,  in  his  marl  pits,  at  Homers- 
town,  New  Jersey,  and  by  him  presented  to  the  Museum  of 
Yale  CoUega 

Pakeotringa  vetus  Marsh,  sp.  nov. 

The  pjresent  species  is  indicated  by  the  lower  portion  of  a 
right  tibia,  which  is  of  peculiar  interest,  as  it  apparently  was  the 
first  fossil  bird-bone  discovered  in  this  country.  It  is  men- 
tioned by  Dr.  Morton  in  his  Synopsis,  as  "  the  tibia  of  a  bird 
belonging  to  the  genus  Scohpaxf^*  and  subsequently  by  Dr.  Har- 
lan, who  r^arded  it  as  the  femur  of  a  bird  allied  to  the  same 
genus.t  The  specimen  has  since  remained  in  the  collection  of 
the  Academy  of  Natural  Sciences  in  Philadelphia,  but  no  de- 
scription of  it  has  been  published,  probably  owing  to  the  &ct 
that  it  has  generally  been  regarded  as  a  recent  species,  accident- 
ally introduced  into  the  deposit  where  found.  It  is,  however, 
thoroughly  fossilized,  and  in  precisely  the  same  state  of  pres- 
ervation as  the  remains  of  birds,  since  discovered  in  the  same 
r^on,  which  are  known  to  be  of  Cretaceous  age,  and  hence  its 
antiquity  cannot  now  be  fairly  called  in  question. 

This  specimen  indicates  a  species  about  half  the  size  of  P, 
UttoraltSj  or  about  as  large  as  the  Hudsonian  Godwit  {Limosa 
Hudsonica  Swain.).  In  general  form  and  proportions  it  closely 
resembles  the  tibia  just  described.  This  is  especially  evident 
in  the  very  gradual,  transverse  expansion  of  the  lower  end  of 
the  tibia ;  and  in  the  broad  concave  trochlear  surface,  with  no 
indications  of  a  median  elevation,  or  of  the  peculiar  flattening  of 
the  inferior  surfece,  which  is  seen  in  many  of  the  Snipe  family. 

*  Synopsis  of  the  Organic  Remains  of  the  Cretaceous  of  the  U.  S.,  p.  32,  Phila- 
deli^l834. 
t  Medical  and  Physioal  Researches,  p.  280,  Philadelphia,  1836. 
Ax.  JouB.  Sci.— Sboond  Sbbiis,  Vol.  XLIX,  No.  140.— Maboh,  1870. 
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One  of  the  most  important  differenoes  between  them,  however, 
is  in  the  supra^ndinal  bridge,  which  in  the  present  specimen  is 
broader  ana  stouter,  and  the  outlet  below  looks  more  direcdj 
forward.  The  interrcondjloid  space,  also,  has  a  distinct  trans- 
verse depression,  which  is  but  laintly  indicated  in  the  former 
specimen.  '  The  rugose  surfEtce  on  the  outer  margin  of  the  canal 
is  here  replaced  by  three  tubercles,  the  largest  of  these,  to  which 
the  oblique  ligament  was  doubtless  attached,  bein^  nearly  oppo- 
site the  bridge,  and  the  other  two  above  and  outside  of  it  The 
anterior  face  of  the  tibia  above  the  bridge  is  nearly  flat,  with  a 
fidnt  median  rising,  which  throws  the  true  tendinal  canal 
Sjgainst  its  inner  mai^in.  In  the  previous  specimen  this  eleva- 
tion does  not  exist,  the  correspondmg  space  being  transversely 
concave.  The  <oto-condyloia  surface  m  this  species  is^Jmost 
flat,  with  a  slight  elevation  just  below  its  central  point  The 
ento-condyloid  face  is  quite  concave  posteriorly,  but  near  the 
middle  of  its  anterior  projection  has  a  veiy  small  tubercle  Sot 
the  attachment  of  the  lateral,  articular  ligament 
The  principal  dimensions  of  this  tibia  are  as  follows : — 

Len^h  of  portion  preserved,     -        -        .        .  18'6""** 

Width  of  condyles  in  front,  -        -        -        -  7«2 

Depth  of  outer  condyle, 4*9       - 

Depth  of  inner  oondyle,         .....  6.6 

Width  of  bridge  at  center,        ^        -        -        •  1*8 

Transverse  diameter  of  shaft  where  broken,  -  3*4 

The  differences  noted  above  between  this  specimen  and  the 
tibia  of  P.  liUoralis  render  it  probable  that  additional  remains 
would  show  that  they  belong  to  distinct  genera ;  but  for  the 

? resent  they  may  very  properly  be  placed  together  in  the  genus 
^akeotringa,*  and  the  present  species  be  named  PaioB^ringa 
vetus.  The  specimen,  according  to  the  authorities  already  cited, 
was  foimd  in  the  marl  at  Amevtown,  New  Jersey,  which 
would  imply  that  it  was  fix)m  the  lowest,  Oretaoeous  marl  bed. 

Tdmaiomis  priscus  Marsh,  gen.  et  sp.  nov. 

The  most  important  of  the  remains  on  which  this  species  is 
founded  is  the  lower  half  of  a  left  humerus.  The  speci- 
men is  in  perfect  preservation,  and,  fortunately,  a  very  charao- 
teristic  part  of  the  skeleton.  In  general  appearance  it  resem- 
bles the  humerus  of  some  of  the  Kail  family,  and  the  species 
it  represents  is  probablv  related  to  this  group  of  bird&  Evi- 
dence of  this  is  seen  in  tne  unusual  flattening  of  l&e  lower  part  of 
the  shaft  and  distal  extremity ;  in  tile  smau  articular  condyles ; 
in  tiie  diminutive  protuberance  for  the  attachment  of  the  ex- 
t^isor  muscle  of  the  hand ;  and  in  the  oval  impression  of  the 
anterior  brachial  muscle.    The  latter  has,  however,  in  Urn 
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spedmen  a  more  oblique  poBition  than  in  most  of  the  BaUidcs. 
n  resembles  the  corresponding  impression  in  the  woodcock, 
{PhUohda  minoT  Ghray),  bat  is  situated  l^her  up,  and  its 
superior  margin  is  less  distinctljr  defined.  Tne  distal  end  of 
this  humerus  resembles  in  its  main  features  that  of  the  Green 
Heron  {Bukyrides  vvrescens  Bonap.),  but  differs  widely  fixwn  it  in 
being  much  more  compressed,  and  in  having  the  imprint  of  the 
anterior  brachial  musde  much  shorter,  and  more  obnque. 
The  most  important  dimensions  of  this  humerus  are  as  follows : 

Length  of  specimen  preserved,  -  -  25*""* 

Vertical  diameter  of  distal  end,  -  -  11*2 

Transverse  diameter  throngh  radial  condyle,  6*6 

Depth  of  shaft  where  broken,         -  -  •  4*4 

Transverse  diameter  of  shaft  where  broken,    •  8*0 

Length  of  impression  of  anterior  brachial  musde,  5*8 

These  remains  ap{>arentlv  indicate  a  genus  of  birds  distinct 
from  anv  yet  described,  for  which  the  name  Tehnatomis*  is 

Sioposed  The  present  species,  which  was  about  the  size  of 
letting  Bail  {mUlus  degaris  Aud),  may  be  called  Tebnatomts 
priscus.  The  remains  of  the  species  at  present  known  were 
found  in  the  Cretaceous  greensand  of  the  middle  marl  bed,  in 

Jits  of  the  Cream  Ridge  Marl  Company,  near  Homeretown,  New 
ersey, and  werepresented  to  the  Museum  of  Yale  College  by 
John  Q.  Meirs,  Esq. 

Telmatomis  affinis  Marsh,  sp.  nov. 

This  species  is  also  based,  essentially,  on  the  lower  portion 
of  a  right  humerus,  which  was  found  at  the  same  locality,  and  in 
the  same  stratum  as  the  one  just  described.  It  closely  resembles 
that  specimen  in  most  importantparticidarB,  but  a  careful  com- 
parison shows  some  points  of  difference  which  appear  to  justify 
its  separation.  The  most  apparent  of  these  are  the  foUowmg  :-— 
The  notch  between  the  radial  and  ulnar  condyles  is  somewhat 
deq>er ;  the  elongated  tubercle,  on  the  inner  suifiBtce  behind  the 
notch,  which  confines  the  upper  tendon  of  the  triceps  musolei 
is  laig^;  the  impression  of  the  anterior  brachial  musde  on  the 
outer  sui&ce  is  iiijgher  up,  and  more  shallow;  and  the  epi- 
trochlear  elevation  is  more  prominent  The  specimen  indicates, 
moreover,  a  species  oonsidMably  smaller  tiban  the  one  moitioned 
above.    Its  principal  measurements  are  as  follows : — 

Leng^th  of  portion  preserved,      ....  i2-»»' 

Vertical  diameter  of  distal  end,  ...  10^4 
Transverse  diameter  through  radial  condyle,  -  4*8 
Vertical  diameter  of  shaft  where  broken,       •  5*C 

Length  of  impression  of  anterior  brachial  muscle,       6*8 
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These  remams,  also,  were  found  by  Jolin  G.  Meirs,  Esq.,  near 
Hornerstown,  New  Jersey,  and  by  him  presented  to  Yafe  Col- 
lege, in  behalf  of  the  Cream  Ridge  Marl  Company. 

Remains  of  Tebtiary  Birds. 

The  few  remains  of  birds  hitherto  discovered  in  the  Tertiary 
deposits  of  the  United  States  naturally  show  a  much  closer 
resemblance  to  recent  species  than  those  from  the  Cretaceous.  In 
the  specimens  examined  by  the  writer  during  the  present  inves- 
tigation, which  include,  it  is  believed,  all  the  remains  of  import- 
ance known  fix)m  the  formation  in  this  country,  no  characters 
implying  genera  distinct  from  existing  birds  are  apparent,  and 
some  of  the  fossils  seem  to  indicate  species  nearly  related  to 
those  now  living.  Future  discoveries,  nowever,  will  doubtless 
disclose  more  important  diflFerences  between  faunae  so  remote  in 
time. 

Puffmus  Conradi  Marsh,  sp.  nov. 

The  collection  of  the  Academy  of  Natural  Sciences  in  Phila- 
delphia has  for  many  years  contained  the  distal  half  of  a  left 
humerus,  and  the  lower  portion  of  a  right  ulna,  of  an  aquatic 
bird,  which  were  discovered  in  the  Miocene  of  Maryland  by  T. 
A.  Conrad,  Es(j.  A  brief  mention  of  these  specimens,  and  of 
some  other  ormthic  remains  from  the  United  States,  has  already 
been  made  by  Professor  Leidy,*  but  no  description  of  them  has 
yet  been  published.  The  specimens  are  so  well  preserved,  and 
so  characteristic,  especially  the  humerus,  that  the  affinities  of 
the  species  they  indicate  can  be  determined  with  tolerable  cer- 
tainty. The  most  marked  feature  of  the  humerus  is  the  trans- 
verse obliquity  of  its  shafl  and  distal  extremity.  Both  are 
much  compressed,  and  so  turned  that  the  common  plane  of  their 
longer  diameters,  instead  of  beinff  nearly  vertical,  as  in  the 
brachium  of  most  birds,  is  here  highly  inclined  inward  and 
downward.  Among  the  other  characters  of  importance  may  be 
mentioned,  the  unusually  small  size  of  the  ulnar  condyle,  the 
very  deep,  oval  impression  for  the  attachment  of  the  anterior  bra- 
chial muscle,  and  the  presence  of  an  elongated,  compressed  apo- 
physis, extending  outward  and  upward  Som  the  exterior  mar- 
gin of  the  distal  end,  just  in  front  of  the  radial  condyle. 

This  humerus  has  the  following  dimensions : — 

Length  of  portion  preserved,        -  -  -  49*  ""■• 

Vertical  diameter  of  distal  extremity,  -        13*2 

Transverse  diameter  of  radial  condyle,    •  •    8'6 

Transverse  diameter  of  ulnar  condyle,  -  3*8 

Length  of  impression  of  anterior  brachial  musole,  5*6 
Breadth  of  impression  of  anterior  brachial  muscle,  3*8 
Longer  diameter  of  shaft  where  broken,         -  7*4 

Shorter  diameter  of  shaft  where  broken,  -  -    5* 

*  Prooeedings  Aoad.  Nat  Sdenoes,  Philadelphia,  1866,  p.  237. 
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A  comparison  of  the  present  fossils  with  the  corresponding 
parts  of  recent  birds  readily  shows  that  the  nearest  allies  of  this 
extinct  species  must  be  sought  in  the  Auk  fiimily,  or  among"  the 
Petrels ;  as  it  is  only  in  these  groups  of  birds,  that  the  peculiar 
obliquity  of  the  humerus,  noticed  above,  exists.  In  the  Ahidoe^ 
however,  this  oblique  compression  is  greater  than  in  the  present 
specimen.  The  latter  has,  moreover,  on  its  outer  edge  above 
the  radial  condyle,  the  long,  pointed  projection,  which  is  not 
seen  in  the  Auks,  although  present  in  the  Petrels,  Gulls,  and 
some  of  the  wading  birds.  The  difference  in  size  between  the 
ulnar  and  radial  condyles,  and  the  remarkably  deep,  oval,  im- 
pression for  the  attachment  of  the  anterior  brachial  muscle 
show  unmistakably  that  this  humerus  belongs  to  one  of  the 
Shearwaters,  and  ajpparently  should  be  placed  in  the  genus 
PuffinitSy  with  whicn  it  corresponds  in  all  essential  particulars. 
In  size  and  general  features  it  apparently  resembles  most  nearly 
the  brachium  of  the  Cinereous  retrel  {Puffintis  cinereus  Gmelin, 
sp.),  of  the  Pacific  coast,  but  there  are  some  points  of  difference 
between  them  which  clearly  imply  that  the  species  are  distinct 
The  flat  apophysis  on  the  outer  edge  of  the  distal  extremity  is 
in  the  fossil  specimen  more  pointed ;  the  impression,  on  the 
lower  surface,  of  the  anterior  brachial  muscle  is  deeper,  and  its 
outline  more  sharply  defined,  which  is  also  the  case  with  the 
small  epicondylar  depressions  for  the  attachment  of  the  muscles 
of  the  forearm.  The  bone  indicates,  moreover,  a  somewhat 
smaller  bird. 

The  distal  half  of  the  right  ulna,  which  was  found  with  thu 
humerus,  apparently  belonged  to  a  bird  of  the  same  species, 
although  its  size  would  seem  to  indicate  that  it  pertained  to  a 
smaller  individual  Thfe  species  represented  by  these  remains 
may  appropriately  be  named  for  its  discoverer,  T.  A.  Conrad, 
Esq.,  who  has  been  so  long  and  honorably  identified  with 
American  paleontology. 

CcUarractes  antiqwus  Marsh,  sp.  nov. 

Among  the  other  bird  remains  in  the  Museum  of  the  Phil- 
adelphia Academy,  is  a  very  perfect  left  humerus,  from  Tar- 
borough,  Edgecombe  county,  North  Carolina,  which  was 
presented  by  Dr.  Booth.  The  geological  position  of  the  speci- 
men is  not  definitely  known,  but  its  state  of  preservation  and 
mineralization  render  it  extremely  probable,  at  least,  that  it  is 
from  the  Tertiary  deposits  of  that  r^oa  This  humerus  shows 
the  same  transverse  obliquity  which  characterized  the  specimen 
just  described,  and  so  stronglv  resembles  in  other  respects  also 
the  same  bone  in  the  Auks,  that  it  should  evidently  oe  referred 
to  that  family.  It  approaches  most  nearly  the  humerus  of  the 
Guillemots,  especially  those  now  includea  in  the  genus   Cataa-- 
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raxnieaj  with  whicli  it  appears  to  coincide  in   all  important 
characters. 
The  principal  dimensions  of  this  humerus  are  as  follows : 

Totallength,        .....        06-2™- 
Transverse  diameter  of  proximal  end,  -        -    21* 

Vertical  diameter  of  articular  head,  •  -        14*2 

Transyerse  diameter  of  articular  head,      -  -      8*2 

Vertical  diameter  of  distal  end,  -  -  -Id's 

Longer  diameter  of  diaft  at  center,  -        -      8*4 

Shorter  diameter  of  shaft  at  center,  -  •  5* 

The  present  specimen  shows  so  many  points  of  resemblance 
to  the  numerus  of  the  Thicked-billea  Guillemot  {OcUarractes 
hmvtd  Linn.),  that  it  will  probably  find  in  this  species  its  nearest 
living  representative.  It  indicates,  however,  a  somewhat  larger 
bird ;  and  on  carefully  comparing  the  humeri  of  the  two,  some 
marked  differences  may  be  detected,  which  are  quite  sufficient 
to  prove  the  species  distinct  The  most  important  of  these 
are  the  following : — ^The  head  of  the  humerus  in  the  fossil 
specimen  is  more  obtusely  rounded,  both  transversely  and 
vertically;  the  two  grooves,  on  the  inner  surfitce  of  the 
distal  extremity,  for  the  tendons  of  the  triceps  muscle,  are  of 
nearly  equal  width,  the  upper  depression  being  somewhat  wider 
than  the  other,  but  in  C.  lomvia  Linn,  the  lower  groove  is  much 
the  broader;  the  ulnar  condyle  has,  moreover,  on  its  inte- 
rior surface,  a  small  obtuse  tubercle,  extending  upward  and  in- 
ward, as  in  the  humerus  of  the  Great  Auk  {Aim  impennis  Linn.), 
while  this  projection  is  wanting  in  the  Thicked-billM  Gxiillemot ; 
the  lower  face  of  the  same  condyle  also  differs  from  that  of  Ae 
latter  species  in  forming  a  much  narrower  crescent ;  and  in 
several  minor  points  of  structure  a  similar  want  of  correspond- 
ence mav  be  seen. 

A  right  humerus,  closely  resembling  the  preceding  specimen, 
and  evidently  belonging  to  the  same  genus,  was  presented  to 
the  Philadelphia  Academy  a  few  years  since  by  Dr.  A.  C. 
Hamlin,  who  obtained  it  in  the  Post-tertiary  clays,  near 
Bangor,  Maine,  at  a  depth  of  forty-seven  feet  below  the  surface. 
It  appears  to  be  distinct  from  the  above  species,  as  well  as  from, 
C,  lomvia  Linn.,  and  will  be  described  at  an  early  day  by  the 
writer,  in  a  paper  now  in  course  of  preparation  on  the  remains 
of  some  Quaternary  birds. 

Ghrus  Haydeni  Marsh,  si^  nov. 
The  various  explorations  that  have  been  made  in  the  Tertiary 
deposits  of  the  Upper  Missouri  region,  so  remarkably  rich  in 
mammalian  remains,  have,  strange  to  say,  brought  to  light  but 
a  single  fragmentary  specimen  which  can  with  certainty  be 
refened  to  the  class  of  oirds ;  although  the  material  collected 
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there  has  heeaa  car^illy  examined  for  these  foseilB  by  several 
paleontologi8t&  The  only  specimen  hitherto  detectea  was  ob- 
tained by  Dr.  F.  Y.  Hajaen,  several  years  since,  in  the  later 
Tertiary  beds  of  the  Niobrara  river.  It  is  the  distal  extremity 
of  a  left  tibia,  one  of  the  most  common,  and  most  characteristic 
parts  of  fossil  birds,  and  indicates  unmistakably  a  large  species 
of  the  genus  Orus,  or  Orane&  Although  the  specimen  is  some- 
what injured,  the  most  important  parts  are  well  preserved,  and 
appear  to  exhibit  good  distmctive  characters.  Tne  innw  arti- 
cular condyle  is  partially  broken  away,  but  was  evidently  much 
narrower  than  the  other,  and  is  continued  &r  backward  as  a  very 
sharp  ridge.  The  outer  condyle  is  somewhat  flattened  below, 
and  Its  posterior  extension  projects  beyond  the  surface  of  the 
shaft,  although  not  so  £Eur  as  that  of  tne  inner  condyle.  The 
trochlear  space  is  rather  narrow,  and  has  its  deepest  part  inside 
of  the  median  line.  It  is  shjghtly  concave  transversely  below, 
and  deeply  so  posteriorly.  TqjB  ecto-condyloid  surfece  is  con- 
cave, but  has  a  low  tubercle  just  in  front  of  its  central  point 
The  supratendinal  bridge  is  very  broad,  internal,  transverse,  and 
its  suriace  is  concave  vertically.  It  spans  a  very  narrow,  but 
deep,  internal  canal  The  lower  outlet  is  subtriangular  in  out- 
line, and  looks  obliquely  forward  and  downward.  The  supe- 
rior aperture  is  broadly  oval,  and  the  upper  edge  of  the  bridffe 
is  continued  slightly  above  it  on  either  side  of  the  canal  The 
lower  opening  has  its  upper,  straight  margin  slightly  rounded, 
and  its  tower  edge  is  formed  by  a  sharp  ridge,  wmch  separates  it 
from  the  nearly  flat  intercondyloid  space.  External  to  this 
aperture  is  a  prominent  tubercle,  which  has  its  inner  edge  on 
the  median  line,  and  is  connected  above  by  a  low  ridge  with  the 
outer  elongated  tubercle  for  the  attachment  of  the  oblique  liga- 
ment A  more  prominent  crest  extends  obliquely  downwara, 
and  unites  it  with  the  external  condyle.  The  inner  margin  of 
the  canal  is  bounded  by  a  weU  defined  ridge,  which,  lust  above 
the  bridge,  is  inflected  over  the  edge.  Externally,  the  margin 
of  the  canal  is  low,  and  indistinct  The  groove  K)r  the  tendon 
of  the  short  tibial  muscle  is  well  defined,  and  bounded  out- 
wardly by  a  low  ridge,  which  causes  a  projection  on  the  exterior 
sur&ce  of  the  shaft. 
The  principal  dimensions  of  this  specimen  are  as  follows : — 
Length  of  portion  preserved,        -  -  -        ai*  mm. 

Depth  of  external  condyle,  -  -  19*2 

Width  of  supratendinal  bridge,    -  -  -  7*2 

Width  of  upper  outlet,        -  -  -  2*4 

Width  of  lower  outlet,  -  -  -  8-0 

TraiMverse  diameter  of  shaft  where  broken,  -  12*6 

Antero-poeterior  diameter  of  shaft  where  broken,  8*2 

Tina  specimen,  also,  belongs  to  the  Academy  of  Natural 
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Sciences  in  Philadelphia,  and  the  extinct  species  it  indicates  is 
named  for  Dr.  F.  V.  Hayden,  whose  explorations  have  added  so 
much  to  our  knowledge  of  the  geology  of  the  Upper  Missouri, 
and  Eocky  Mountain  r^ons. 

Oraculus  Idahensis  Marsh,  sp.  nov. 

A  collection  of  Tertiary  fossils  fix>m  Idaho,  lately  received 
by  Professor  Newberry,  of  Columbia  College,  contained  the 
greater  portion  of  the  left  metacarpal  bone  of  an  aquatic  bird, 
which  he  has  kindly  loaned  to  the  writer  for  examination. 
The  specunen  is  in  perfect  preservation,  and  has  such  marked 
characters  tl\at  it  wul  evidently  admit  of  at  least  approximate 
determination.  Among  the  most  prominent  features  of  the 
fossil,  at  its  proximal  extremity,  are,  the  great  anterior  projec- 
tion of  the  radial  apophysis,  which  is  also  elevated,  and  its  su- 
perior portion  considerably  compressed ;  the  deep  anterior  car- 
pal fossa,  which  extends  mto  the  base  of  the  carpal  articular 
surfisMje ;  the  very  deep  and  narrow  posterior  carpal  fossa,  which 
is  auriform  in  outline,  and  extends  obliquely  inward  and  for- 
ward; and  the  internal  and  oblique  position  of  the  smaller 
metaciaipal  bona  The  pisiform  tubercle  on  the  inner  surfece  is 
of  medium  size,  and  its  summit  nearly  flat  A  sharp  ridge  ex- 
tends from  its  anterior  edge  directly  upward  to  the  margin  of 
the  articular  surfaca  The  groove  in  fix>nt  of  this  tubercle  is 
very  deep  and  broad.  The  fossa  for  the  attachment  of  the  in- 
ner lateral  ligament  of  the  wrist  is  also  deep,  and  has,  apparently, 
a  small  pneumatic  opening  near  its  center.  The  smaller  branch 
of  the  metacarpal  bone  was  slender,  and  but  little  separated 
fix)m  the  larger  ona  Its  outer  edge  at  its  superior  attachment 
is  on  the  median  line,  and  opposite  to  this  point,  on  the  outer 
posterior  edge  of  the  large  metacarpal,  there  is  a  small  tubercle, 
to  which  the  superior  flexor  muscle  of  the  hand  was  attached. 
The  lower  extremity  of  the  specimen  has,  unfortunately,  been 
lost 

The  principal  dimensions  of  this  metacarpal  bone  are  as  fol- 
lows : — 

Length  of  portion  preserved,      -        -        -        -  46*""' 

Transverse  diameter  of  proximal  extremity,   -  16 -2 

Diameter  through  pisiform  tubercle,  -        -        -  8*1 

Width  of  carpal  articular  surface,  -        -        -  '7'2 

Length  of  raoial  apophysb,        -        -        -        -  12* 
Distance  from  inner  superior  edge  to  union  of 

metacarpals, 18*6 

Greater  diameter  of  large  shaft  where  broken,  5'4 

The  species  represented  by  this  ft>ssil  appears  to  have  been 
related  to  the  Cormorants,  and  may  be  placed  provisionally  in 
the  genus  Oracuhis;  the  metacarpal  of  which  the  present  speci- 
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men  resembles  in  nearly  all  important  particulars.  The  most 
marked  difference  between  them  is  the  presence  in  the  latter  of 
Ae  anterior  carpal  fossa.  This  interesting  specimen,  the  only 
fossil  bird  bone  yet  found  west  of  the  Eocky  Mountains,  is 
fix)m  a  fresh-water  Tertiary  deposit,  probably  of  Pliocene  age, 
on  Castle  Creek,  Idaho  Territory. 

In  addition  to  the  acknowledgments  made  in  the  course  of 
the  present  article,  the  writer  desires,  in  conclusion,  to  express 
his  gratefdl  thanks  to  Professor  Joseph  Leidy,  of  Philadelphia, 
who  generously  placed  in  his  hands  jot  exammation  the  various 
bird  rranains  already  mentioned  as  belonging  to  the  Academy 
of  Natural  Sciences  in  that  city.  A  more  complete  description, 
with  illustrations,  of  all  the  remains  here  brieny  noticed,  and  a 
determination  of  their  nearer  relations  to  living  species,  as  well 
as  the  conclusions  their  discovery  suggests,  are  reserved  for  a 
future  commimication 

Yale  CoHege,  New  Hayen,  Coim.,  Feb.  let,  1870. 


Akt.  XX  VL — ContribiUions  to  Zoology  from  the  Museum  of  Yale 
GoUege.  No.  VL — Descriptions  of  Shells  from  the  (htlf  of 
California;  by  A.  E.  Verbill. 

Having  in  preparation  faunal  catalogues  of  the  extensive 
collections  of  mollusca  in  the  Museum  of  Yale  College,  col- 
lected in  the  Gulf  of  California  by  Capt  J.  Pedersen,  and  at 
Panama,  San  Salvador,  Peru,  and  other  localities  on  the  West 
Coast  of  America  bv  Prof  F.  H.  Bradley,  it  seems  useful  to 
notice  here  some  of  the  more  interesting  and  new  species. 
These  will  hereafter  be  more  fiilly  described  and  figured  in  the 
Transactions  of  the  Connecticut  Academy.  Most  of  the  follow- 
ing species  were  obtained  by  pearl  divers  near  La  Paz. 

Semele  Junonia  Verrill,  sp.  nov. 

A  large,  broad,  somewhat  oval  species ;  anteriorly  much  pro- 
longed and  broadly  rounded ;  posteriorly  shortened,  strongly 
plicated,  the  extremity  broadly  obliquely  truncate.  Surface 
covered  with  regular,  nearly  equidistant,  elevated,  strong,  con- 
centric lamellae,  which  are  not  close,  except  near  the  umboes, 
but  bevond  the  plication  become  fainter,  oblique,  and  parallel 
with  tne  truncated  posterior  edge;  interstices  broadly  con- 
cave, smooth,  with  fine  radiating  grooves  in  the  larger  speci- 
mens, and  also  sometimes  with  concentric  striae.  Epidermis 
thin,  shining,  yellowish  brown.  Beaks  but  little  prominent ; 
dorsal  edge  o/^the  right  valve  overlapping  the  ligament  and 
even  more  overlapping  the  edge  of  the  left  valve  in  front  of  the 
beaks.    Hinge  stout  and  broad,  its  inner  edge  very  sinuous ; 
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the  internal  ligament  strongly  divergent  £rom  the  margin,  its 
plate  obliquely  concavely  truncate  posterioriy;  lateral  teeth 
stout,  obtuse.  Palial  sinus  large,  broadly  rounded,  reaching 
about  the  middle,  its  sur&ce  finely  striated  and  iridescent 
The  color  of  the  interior  is  usually  a  rich  pink  or  deep  flesh- 
color,  lighter  about  the  hinge ;  sometimes  yellowish  or  bright 
orange ;  externally  generally  orange-yellow,  with  the  umboes 
bright  orange-yellow.  One  large  specimen  is  pale  yellow,  with 
bright  lemon  yellow  umboes ;  tne  inside  yellowish  white  with 
the  palial  sinus  and  broad  concentric  bands  pinkish. 


Length, 

316 

indie& 

2-56 

2-35 

1-44 

Height 

2-66 

It 

2-20 

2^05 

116 

Breadth, 

1-40 

«i 

112 

•90 

•52 

Apex  to  anterior  end, 

210 

t( 

1-86 

1^60 

100 

Plication  to  posterior  end, 

•80 

II 

•60 

•50 

•32 

Palial  sinus  from  edge, 

1-85 

ti 

1^50 

1-38 

•86 

Breadth  of  do., 

•87 

tt 

•74 

•62 

•32 

Near  La  Paz, — Capt  J.  Pedersen.  Six  fresh  specimens,  the 
valves  mostly  together.     Obtained  by  pearl  divers. 

This  fine  species  is  allied  to  S.  rosea  and  S.  Jovis,  The  latter, 
as  figured  by  Reeve  (Icon.,  voL  viii,  PL  v,  84),  is  similar  in  form 
and  somewhat  in  color,  but  the  lamellae  are  closer,  and  the  pli- 
cation is  nearer  the  posterior  edge.  The  hinge  and  palial  sinus 
afe  not  described,  and  the  locality  is  uiikno¥m. 

S,  rosea  (Sowerby,  1882)  was  aescribed  from  a  single  valve 

found  at  Tumbez,  rem.    It  is  more  orbicular  and  the  lamella 

are  much  closer. 

Semde  formosa. 

Amphideama  formosum  Sowerby,  Proa  of  the  Committee  of  Sdenoe  and  Corres- 
pondence  of  the  Zo5L  Soo  of  London,  Part  II,  1332,  p.  199 ;  Reeve,  Icon.,  viii,  PL 
It,  fig.  27. 
Semeleformota  Adams,  Genera,  ii,  p.  411. 

Of  this  lovely  species  two  fresh  specimens  with  the  valves 
together  and  two  fresh  odd  valves  were  obtained  with  the  pre- 
ceding. 

The  form  is  much  like  that  of  S.  Junonia^  but  the  anterior 
dorsal  edge  is  not  concave,  does  not  overlap,  and  the  beaks  are, 
therefore,  even  less  prominent  The  sides  are  covered  with 
close,  more  or  less  irregular,  often  slightly  oblique,  concentric, 
rounded  ribs,  which  are  often  ftircate,  especially  at  the  posterior 
fold,  separat^  by  intervals  of  about  their  own  width,  ana  become 
verv  fine  and  close  toward  the  apex,  and  often  interrupted  and 
nodulose  on  the  umboes  and  anteriorly;  beyond  the  strong 
posterior  plication  they  are  stouter,  irregularly  bent  up  and 
crowded,  toward  the  apex  rugose.  Hinge  less  stout  than  in 
the  preceding,  the  internal  ligament  more  parallel  and  nearer  to 
the  margin,  its  plate  not  truncately  terminated.  Palial  sinuB 
large,  broadly  rounded,  iridescently  striated. 
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The  color  is  varied  with  white,  light  lemon-yellow,  rosy, 
brown,  and  purple;  these  colors  bang  arranged  partly  in 
numerous  rays,  partly  in  spots  and  patches.  Usually  there  are 
many  alternating  narrow  rays  of  white  and  rosy,  the  other 
oolors  being  more  irregularly  distributed,  but  in  one  specimen 
tiiere  are  a&o  regular  rays  of  yellow  on  one  valve.  Inside  the 
larger  specimens  are  pinkish  white,  the  middle  and  umbonal 
regions  bright  yellow,  the  ligament  plate  deep  purple;  but 
sinaller  specimens  are  mottled  with  purplish  red  and  yellow. 

The  largest  specimen  is  2*76  inches  long;  2*25  high;  1-06 
Inroad ;  the  palial  sinus  1*62  long,  from  edge ;  '85  wide. 

Semde  venusta  (A.  Adams,  1858)  is  perhaps  only  the  young 
of  this  species.    It  was  from  West  Columbia. 

Callista  poUiccaris. 

Cwpenter,  Ann.  and  Mag.  Nat  Hist,  yoL  ziii,  p.  312,  1866. 
Dioneprora  var.,  Reeve,  Ckmch.  Icon.,  ziy,  PL  x,  fig.  46,  {non  Conrad). 

Several  specimens  of  this  rare  and  beautiful  species  were 
obtained,  which  show  considerable  variation,  especially  in  color. 
Most  of  these  are  more  transversely  oval  and  less  rounded  below 
than  the  specimen  figured  by  Eeeve.  The  posterior  end  is 
always  a  little  compressed  and  somewhat  obhquely  truncate. 
Ligamentary  area  long  and  narrow,  sU^htly  excavate,  wrinkled. 
The  sides  are  smooth  and  polished,  fin^  concentrically  striated ; 
posteriorly  and  anteriorly  obliquely  corrugately  wrinkled  in 
most  of  the  specimens,  but  in  eome^  especiaUy  the  smaller  ones, 
the  anterior  wrinkles  are  obsolete,  and  sometimes  also  the 
posterior  onea  Palial  sinus  large,  broad  and  ovaL  Some 
specimens  are  white,  with  onlv  a  few  small  specks  or  waved 
Imes  of  orange-brown,  and  a  few  stripes  of  the  same  color  on 
the  ligamentary  area,  the  apex  orange,  upper  part  of  lunule 
brown ;  more  Qommonly  the  color  is  yellowish  with  concentric 
waved  or  zigzag  streaks  and  spots  of  orange-brown,  sometimes 
with  imperfect  radiating  bands  of  the  same  color  in  addition ; 
a  large  specimen  is  thus  marked  for  about  an  inch  from  apex, 
beyond  which  it  is  white,  faintly  specked  with  brown.  One 
la^e  specimen  is  nearly  white  with  many  radiating  bands  of 
orange- brown  on  one  valve ;  on  the  other  oiffused  orange-brown, 
lighter  above,  crossed  by  many  radiating  darker  brown  banda 
Another  is  darker  chestnut-brown  below,  yellowish  white 
toward  the  umboes,  but  destitute  of  bands  and  spots.  Some 
of  the  smaller  specimens  have  a  purplish  brown  stain  within, 
crossing  the  palial  sinus ;  others  are  pure  white. 


Length, 

210 

inchefl. 

208 

1-76 

•88 

Height, 

1-60 

(1 

1-46 

1-26 

•66 

Breadth, 

100 

it 

100 

•80 

•44 

Apex  to  posterior  end. 

1-76 

u 

1-68 

1*36 

•68 

Palial  mnoa  from  edge, 

116 

(1 

110 

•96 

•46 

Digitized  by  VjOOQIC 


220        A,  R  VerriU  an  Shells  from  the  Qvifof  Ckdifomia. 

Near  La  Paz, — Capt  J.  Pedersen. 

This  species  belongs  to  the  subgenus,  CkD^yatia^  of  Homer. 

Tivela  elegans^  sp.  nov. 

The  form  is  regular,  transversely  subelliptical,  triangular  above, 
nearly  equilateral,  slightly  swollen  at  the  umboes ;  the  beaks  but 
little  prominent  Ligament  short ;  lunule  elongated,  distinctly 
defineo.  Hinge  narrow,  not  very  strong.  In  the  left  valve 
the  anterior  tooth  is  prominent,  about  its  own  breadth  from  the 
beak ;  four  principal  cardinal  teeth,  nearly  equally  divergent, 
rather  thin,  the  posterior  one  bilobed,  the  marginal  lobe  pro- 
longed ;  in  the  nght  valve  four  principal,  ttin  cardinal  teeth, 
the  middle  ones  most  prominent,  rugose,  palial  sinus  large, 
broadly  rounded,  reaching  nearly  to  the  middla 

The  La  Paz  specimens  show  great  variation  in  color. 
Some  are  white  with  a  few  posterior  oblique  lines  or  spots  of 
reddish  brown;  others  are  broadly  indistinctly  rayed  and 
posteriorly  wave-striped  with  lighter  and  darker  gr^.yisn  brown, 
leaving  the  umboes  and  two  narrow  radiating  bands  yellowish 
whita  One  is  intricately  and  beautifully  painted  with  rich 
reddish  brown,  m  regular,  concentric,  waved  and  angulated 
bands,  becoming  zigzag  posteriorly,  with  several  median  inter- 
rupted white  rays,  which  diflfer  on  the  two  valves,  and  the 
posterior  edge  stained  deep  brown ;  this  is  deej)  purple  within, 
except  apical  and  anterior  and  posterior  whitish  spots.  The 
lighter  specimens  are  white  within,  except  a  spot  of  purplish 
about  each  muscular  scar. 

The  San  Salvador  specimens  present  many  other  variations 
in  color,  but  are  mostly  white,  more  or  less  profusely  painted 
with  chestnut-brown  in  various  concentric,  more  or  less  waved 
and  angulated  bands,  or  in  interrupted  rays ;  in  some  the  color 
is  yellowish  brown;  in  others  the  ground -color  is  reddish 
brown,  with  darker  bands.  The  beaks  are  sometimes,  but  not 
usually,  purplish ;  the  interior  generally  white,  with  a  purplish 
umbonal  stam. 

T,  degana,  T,  ffindm. 

Length,  1*02  inchea       *98        *82        *74  '65 

Height,  -78         «  -80        -65        -68  62 

Breadth,  -48        "         -60        -42        -40  -60 

La  Paz, — Capt  J.  Pedersen ;  Acajutla  and  Bealejo, — ^F.  H. 
Bradley. 

This  species  varies  somewhat  in  form,  but  is  nearly  always 
more  traverselv  oval  than  T.  ffindsii,  of  which  we  have  typical 
specimens  both  from  San  Salvador  and  Zorritos,  Peru,  wnich 
agree  exactly  in  form  and  color  with  Eeeve's  figurea  T.  Hvndsii 
is  short,  triangular,  with  very  swoll^i  umboes,  and  theposterior 
end  longest  and  a  little  produced,  its  sinus  much  smaller,  and 
the  ligament  very  short,  the  hinge  stouter,  with  the  lateral 
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teeth  nearer  the  cardinal,  and  the  latter  more  crowded  and 
stonter.  T.  radiata  is  less  regular  in  form  than  T.  elegans^  with 
much  smaller  sinus  and  broader  and  stoater  hinge,  a  much 
longer  ligament,  sharper  lateral  tooth,  and  more  numerous  and 
more  divergent  cardinal  teeth,  the  posterior  ones  being  much 
more  elongated. 

The  name,  Trigona  (Meg.,  1811),  is  not  only  later  than  Tivela 
(Link,  1807),  but  was  previously  used  among  Hyemenoptera 
(Jut.  1807).     It  has  also  been  used  in  Crustacea  (Latr.,  1817). 

Venus  isocardid,  sp.  nov. 

A  large,  rounded,  thick,  and  swollen  species,  cordate  in  fix)nt, 
with  a  oroad  deeply  excavated  lunule ;  with  the  sculpture 
entirely  concentric, — ^the  stout,  elevated,  rather  close,  slightly 
recurved  and  flattened  ribs  separated  by  deep  interstices  in  which 
there  are  several  very  thin,  crowded,  slightly  elevated  lamellae. 

Umboes  prominent^  swollen,  the  beaks  much  recurved,  not 
marginal ;  doreal  outline  convex,  broadly  rounded  and  a  Kttle 
produced  posteriorly;  evenly  rounded  ventrally;  anterior  end 
short,  deeply  indented  by  the  very  broad  and  sunken  lunule, 
which  is  smoothish  and  surrounded  by  a  distinct  groove,  broadly 
cordate,  extending  between  the  beaks.  Ligamentary  area  nar- 
row, smooth  on  the  left  valve,  the  concentric  sculpture  extending 
over  it  on  the  right  valve,  which  overlaps  beyond  the  ligament 
Muscular  scars  and  palial  line  strongly  marked,  the  sinus  of 
moderate  length,  tapering  to  an  obtuse  point,  about  as  deep  as 
the  width  of  the  posterior  muscular  scar.  Hinge  stout,  the  ante- 
rior tooth  in  the  right  valve  elevated  and  stout ;  central  much 
larger,  slightly  bilobed;  posterior  one  much  elongated,  and 
strong.  In  the  left  valve  there  is  a  small,  conical,  tubercular, 
anterior  tooth ;  first  cardinal  elevated,  stout  triangular ;  followed 
by  a  stout  strongly  bilobed  one ;  posterior  one  confluent  with 
the  ligament  plate,  long  and  curveo,  less  elevated. 

Exteriorly  more  or  less  stained  and  blotched  with  brownish ; 
interiorly  tinged  with  light  orange  near  the  umboes. 

Length  3-25  inches ;  height  3*80;  breadth  2-50;  breadth  of 
lunule  '68 ;  length  of  palial  sinus  -60. 

Near  La  Paz, — Capt  J.  Pedersen.     Two  fresh  specimena 

This  massive  species  is  allied  to  V.  rugosa  of  the  West  Indies, 
which  it  resembles  in  form  and  sculpture,  but  it  has  a  different 
and  stronger  hinge.  The  posterior  tooth  of  the  right  valve, 
especially,  is  much  larger  and  longer,  extending  beyond  the 
middle  of  the  ligament  In  the  left  valve  the  posterior  tooth  is 
also  much  elongated  and  reaches  beyond  the  middle  of  the  liga- 
ment, but  it  is  much  less  elevated  than  in  V.  rugosa^  and  less 
separated  from  the  ligament  plate,  there  being  only  a  shallow 
groove  between. 
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It  belongs  to  the  typical  Venus^  as  restricted  by  Messrs.  H. 
and  A.  Adams  and  most  recent  authors,  but  Rdmer  has  given 
the  subgeneric  name,  Ventricolaj  to  this  group. 

Ohione  tumen&f  sp.  nov. 

A  stout,  thick,  often  swollen,  subtriangular,  somewhat  beaked 
species,  with  broad,  swoUen,  rounded,  concentric  ridges  or  undu- 
lations, increasing  in  size  from  the  beaks  to  the  margin,  with 
&int  radiating  sculpture  on  the  upper  side  of  the  ridges.  The 
dorsal  outline  is  nearly  straight,  tne  ligament  groove  broad  and 
deeply  excavated,  smoothish  in  both  valves,  with  a  short  liga- 
ment; posteriorly  slightly  truncate ;  ventraUy  broadly  roundea ; 
anteriorly  rounded  and  a  little  produced ;  the  lunule  broad-oval, 
deeply  sunken,  smoothish,  or  marked  with  slight  radiating 
lines.  Beaks  a  little  recurved,  marginal  The  concentric  ridges 
or  swellings  are  12  or  14  in  number,  those  near  the  beaks  quite 
small  and  close,  but  rapidly  becoming  broader  and  more  ele- 
vated ;  so  that  the  last  three  occupy  an  inch  or  more  in  breadth ; 
their  upper  surfece  is  somewhat  flattened  and  marked  by  low, 
OTOwdwi,  radiating  ridces,  which  are  obsolete,  or  nearly  so,  on 
their  outer  sida  The  ninge  is  stout,  its  inner  edge  sinuous ;  the 
small  anterior  tooth  in  the  right  valve  is  thin  and  but  slightly 
elevated ;  the  central  one  stout,  triangular  and  elevated ;  in  the 
left  valve  the  anterior  tooth  is  stout,  somewhat  triangular  and 
acute,  as  much  elevated  as  the  central  tooth,  but  not  so  stout 
Palial  sinus  quite  smalL  Color  externally,  whitish,  yellowish, 
or  light  brownish,  variously  marked  and  blotched  with  dark 
brown,  which  is  sometimes  in  large  radiating  bands  or  spots, 
intermixed  with  narrow  angular  lines ;  at  other  times  the  brown 
markings  are  so  numerous  and  crowded  as  to  nearly  conceal  the 
ground  color;  within  whitish,  or  with  a  dark  purple  stain  pos- 
teriorly. 

Length,  1*60  inoheB.  1*48  indies. 

Hei^  1'65        "  1-35  •« 

BreiMltib,  1-20        "  1*10  ** 

Apex  to  posterior  ead,  1-46       '«  1-26  *< 

La  Paz, — Capt  J.  Pedenien.  Forty-two  specimenB,  mostly 
odd  valyea 

This  species  is  very  distinct  from  all  otiners  in  its  form  and 
peculiar  broad  swollen  ridge&  It  slightly  resembles  C.  stinffi- 
OrtoaiOy  especiaHj  in  color,  but  in  the  latter  the  first  ridges  are 
lamellar  and  tjie  later  ones  much  smaller,  more  numerous,  and 
less  swollen,  while  the  shell  is  less  beaked,  the  umboes  less  swol- 
len, and  the  anterior  edge  is  much  less  recurved  and  diorter, 
but  the  post^or  more  pdnted.  The  hinge  in  0.  iumens  is  aJso 
much  broader  and  stouter,  with  the  innmr  edge  much  more  sin- 
uous and  the  teeth  longer  and  stouter. 
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Chione  succinctcu 

Vmwi  muemda  Yal ,  in  Hmnb.  Bee.  d'Oiba.,  yoL  ii,  PL  48,  fig.  1,  p.  219,  1833, 
(t.  P.  P.  Carpenter). 

F.  Imtcadon  Sowerby,  Proc.  ZooL  Soe.  Lond.,  p.  43,  1836. 

V,  CaUfornimais  Broderip,  op.  dt,  p.  43 ;  Reeve,  loon*,  PL  zi,  fig.  36,  (ncn  V, 
OaUfomiana  Ood.). 

r.  JfuUaaU  Oonrad,  Jour.  A<»d.  Nat  Sd  PhiL,  yii,  p.  260,  PL  19,  fig.  IS,  1831 ; 
Reeve,  loon.,  PL  xiii,  fig.  49,  1863. 

Chione  Bttednda  Carpenter,  Rep.  Brii.  Aaaoa,  1863,  pp.  669  and  620. 

A  fine  series  of  this  species  is  contained  in  the  collection, 
including  about  fifty  fi-esh  specimens  with  valves  together,  and 
over  a  hundred  odd  valves  of  all  sizes.  These  show  considera- 
ble variation  and  confirm  the  synonymy  of  Dr.  Carpenter,  as 
given  above. 

In  this  species  the  shell,  when  adult,  is  thick  and  heavy, 
generally  wnite,  or  nearly  so,  externally  and  internally,  except 
that  there  is  usually  a  deep  purple  stain  posteriorly  within,  and 
often  two  spots  or  short  triangular  radiating  bands  near  the 
apex,  which  is  oflien  purple  or  brown  at  tip.  The  form  is  some- 
imat  triangular  ovate,  with  the  umboes  and  beaks  quite  prom- 
inent and  recurved  The  lunule  is  sometimes  brown,  gene- 
rally narrow  and  ribbed ;  the  ligamentary  area  is  excavate, 
smooth  on  the  right  valve,  and  often  nearly  so  on  the  lefb, 
though  more  commonly  the  concentric  ribs  extend  around  upon 
it  in  the  form  of  crowded,  more  or  less  prominent  wrinkles  or 
slight  folds ;  it  is  generally  tinged  with  light  brown  or  purple, 
on  the  right  valve  sometimes  striped  transversely  with  deep 
brown. 

The  sculpture  is  quite  variable  in  the  prominence  and  dis- 
tance between  both  the  radiating  and  concentric  ribs,  especially 
the  latter.  Over  the  umboes  the  radiating  ribs  are  strong,  and 
either  alternate  with  smaller  ones,  are  arranged  by  twos  or  uirees, 
or  are  nearly  uniform  for  some  distance ;  posteriorly  they  be- 
come obsolete  or  nearly  so,  and  in  lai^e  specimens  they  grad- 
ually £Eule  out  and  disappear  at  2  to  2'6  inches  from  the  apez^ 
where  the  concentric  ribs  generally  b^in  to  hecome  strongei^, 
crowded,  and  more  recurved.  The  concentric  ribs  on  the 
umbomal  region  are  generally  10  to  16  of  an  inch  distant, 
toward  the  apex  closer,  and  toward  the  base  closely  crowded, 
though  not  always  so.  The  hinge  is  very  strcmg,  the  teeth  large, 
and  uie  palial  sinus  very  smaU. 

Some  of  the  larger  specim^is  give  the  following  measuxe- 
ments: 


Length, 

2-86 

iaahei 

1    2*66 

2^6 

2*60 

Hei^^t, 

2-86 

(i 

2tO 

2'U 

2-65 

Breadth, 

1-66 

(1 

1-60 

ito 

1-60 

La  Paz, — J.  Pedersen.  It  appears  to  live  buried  in  sand  or 
mud  with  only  the  posterior  end  exposed,  which  is  therefore 
more  or  lees  worn  and  discolored  in  large  qpeoiTBiFma 
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Chione  undcUeUa, 

VtnM  undatdOa  Sowerby,  Proc  ZooL  Soc.  Load.,  iiif  p.  22, 1836 ;  Reeve,  loon., 
xiv,  PL  16,  fig.  68. 

V,  nsglecta  Gray,  Voyage  Blossom,  p.  161,   PL  41,  fig.   8,  1839,  (t  P.  P.  C). 

F.  aimiUima  Sowerby,  Thes.  Conch.,  xvi,  p.  708;  Reeve,  Icon.,  fig.  44. 

V.  perdix  VaL,  Voyage,  sur  la  f^egate  la  V^nus,  PL  16,  fig.  2,  1846. 

V.  aubrostrata  Reeve,  Icon.,  ziv,  fig.  64,  1863,  (non  Lam.). 

(f)  V.  baind(Ua(par8\  Reeve,  loon.,  PL  22,  fig.  106  • 

C?iioM  undakUa  Desk,  CataL  Veneridie  of  Brit  Mus.,  p.  141. 

A  large  series  of  this  variable  species  was  obtained,  which 
shows  that  several  nominal  species  nave  been  based  on  charac- 
ters that  have  no  constancy.  In  its  most  normal  condition  it  is 
more  swollen,  less  triangular  above,  with  the  anterior  end  less 
produced,  and  the  beaks  much  less  prominent  than  the  preced- 
ing. The  sculpture,  though  variable,  is  similar,  but  generally 
the  concentric  ribs  are  closer  and  more  regular.  The  lunule 
and  ligamentary  area  are  similar,  but  the  latter  is  perhaps  gene- 
rally rougher  on  the  right  valve  or  both.  The  hinge  is  scarcely 
dirorent,  though  somewhat  variable  with  age,  but  tne  posterior 
tooth  is  perhaps  generally  somewhat  longer,  and  the  inner  edge 
of  the  hinge-plate  a  little  more  sinuous.  The  palial  sinus,  as 
in  the  preceding,  is  very  small  The  color  is  quite  variable.  It 
is  rarely  perfectly  white ;  more  commonly  externally  buff  or 
light  cream-yellow,  with  transverse,  waved  or  zigzag  irregular 
stripes  and  radiating,  often  interrupted  bands  and  irr^ular 
patches  and  spots  of  orown,  sometimes  also  of  purplisL  Some- 
times the  brown  markings  are  very  light  and  scarcely  distinct, 
the  general  color  being  buff;  sometimes  the  markings  are  all 
regmarly  deeply  angulated  or  zigzag  lines,  except  on  the  umboes, 
which  are  blotched  with  brown ;  the  apex  is  often  bright  brown 
or  purplish ;  the  broad  radiating  bands  are  frequently  three  or 
four  in  number  and  very  distinct ;  many  are  merely  mottled 
and  spotted.  Internally  there  is  generally  at  least  a  more  or 
less  extended  posterior  purple  stain;  frequently  the  whole 
interior  is  tingea  with  a  rich  reddish  purple,  deepest  outside  of 
the  palial  line,  with  the  hinge  teeth  bright  red  or  lilac ;  some- 
times the  interior  is  pure  white.  The  lunule  and  ligamentary 
area  are  usually  stained  or  spotted  with  brown,  the  ktter  oft«n 
with  regular  transverse  stripes  on  the  left  valve. 

In  the  var,  simillima  the  radiating  ribs  are  much  finer  pos- 
teriorly, fimbriating  the  concentric  lamellae,  but  there  is  also 
some  appearance  of  this  in  the  typical  form,  and  some  specimens 
have  this  form  of  sculpture  for  an  inch  fix)m  the  apex,  beyond 
which  it  fades  out  and  the  lamellae  are  smoothish,  or  but  slightly 
wrinkled. 


Leogtfa, 

206    i 

inoihes 

.     1-96 

1-90 

1-80 

Height, 

1-96 

<t 

1-86 

1-66 

166 

Breadth, 

1-30 

i( 

1-30 

106 

110 

La  Paz, — J.  Pedersen.    With  the  preceding. 
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This  species  is  very  closely  allied  to  O.  mocinda^  and  although 
the  ordinary  adult  specimens  are  quite  different  in  form  and 
color,  there  are  specimens  which  are,  to  a  considerable  extent, 
intermediate.  It  is  also  nearly  impossible  to  satisfiactorily  sepa- 
rate young  specimens,  half  an  inch  in  diameter  or  smaller. 

Papyridea  buMata  Sw.  var.  Cah/omica,  nov. 

In  form  and  color  like  the  ordinary  West  Indian  specimens, 
but  perhaps  a  little  more  elongated  than  the  average  Atlantic 
form.  Sculpture  also  similar  in  all  respects,  except  that  the 
radiating  ribs  are  more  prominent  in  the  middle  ana  especifidly 
over  the  umboea  The  hinge  shows  some  differences.  In  both 
valves  the  anterior  lateral  tooth  is  less  prominent,  narrower, 
and  smaller,  and  the  ligament  plate  is  more  prolonged  and  not 
so  squarely  truncate,  reaching  to  or  beyond  the  center  of  the 
posterior  lateral  tootL  The  color  externally  is  generally  yel- 
lowish-white variously  mottled  and  spotted  witn  purplish  brown ; 
internally  white,  more  or  less  stained  with  purple ;  one  speci- 
men is  mottled  with  orange  extemaUy,  and  stained  within  with 
the  same  color,  like  some  of  the  West  Indian.  The  largest 
specimen  is  1*75  inches  long  and  1*88  higL 

La  Paz, — J.  Pedersen.     Ten  specimens. 

Cardita  GuvierL 

Broderip,  Zo^  Soa,  Proc.  of  Comm.  of  Scienoe,  p.  56, 1832. 
Oardm  MicheUrd  VaL,  Voy.  VAius,  PL  22,  fig.  6,  1846. 
Actincboku  Owneri  Adams,  G^enera  Rea  MoH,  ii,  p.  487,  1858. 

Four  large  specimens  of  this  rare  and  interesting  species  were 
obtained.  They  vary  but  little  in  form,  color,  or  sculpture* 
In  all  the  beaks  are  strongly  recurved,  umboes  very  prominent^ 
the  posterior  depression  strongly  marked,  the  ribs  very  stout, 
flattened,  transversely  nodose,  with  deep  square-cut  grooves 
between.  The  color  is  deep  mahogany  brown,  varying  in 
shade ;  within  white. 

Length,  2*50        indies.        2*10  2-15 

Height,  2-46  "  220  216 

Breadth,  2*25  *'  1*80  1-65 

La  Paz, — J.  Pedersen.     From  pearl  divera 

Ckrdita  crasaa. 

Gray,  Voyage  of  the  Bloeeom,  p.  152,  PI.  42,  fig.  4,  1839,  (t  P.  P.  Carpenter). 
Aetmobokta  cramu  Adams,  loc.  dt,  p.  487. 

This  species  appears  to  be  more  common  than  the  last  It  is 
more  pomted,  witn  the  beaks  less  recurved ;  the  posterior  de- 
pression less  marked ;  the  ribs  fewer,  less  prominent,  low  and 
rounded,  with  the  interspaces,  broad,  shallow,  concave,  concen- 
trically wrinkled.    Color  deep  reddish  brown ;  sometimes  with 

Am.  Jodb.  Soi.— SicoiiD  Sbbiss,  Vol.  XLIX,  No.  148.— Maboh,  1870. 
15 
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triangular  lateral,  or  posterior  transverse  spots  of  yelloi?y^,  the 
beaks  white. 


Lengtli,              1-90       inches. 

1-96 

•«6 

Height,                2*20            " 

210 

•67 

Breadth,              106           " 

1-50 

•60 

Paz,  with  last, — J.  Pedersen. 

Loripes  edentulotdeSj  sp.  nov. 

Closely  allied  to  L.  edentula  of  the  West  Indies  and  Gulf  of 
Mexico. 

It  is  subglobose,  and  much  more  swollen  than  L.  edentulou 
The  apex  is  more  prominent  and  curved,  and  the  lunular  region 
more  deeply  excavated  The  ligament  is  shorter  and  its  sup- 
porting plate  is  not  so  stout,  and  its  inner  edge  but  little  ele- 
vated above  the  ligament  groove. 

Length  1'65 ;  height  1-50 ;  breadth  110. 

La  Jraz, — J.  Pedersen.     One  specimen. 

This  is  of  special  interest  as  another  Gulf  of  Califomia  shell 
closely  allied  to  a  characteristic  West  Indian  species.  A  large 
series  of  specimens  might,  perhaps,  connect  the  two  forms,  but 
at  present  it  seems  necessary  to  keep  them  separate. 

Xenophora  rdbusia^  sp.  nov. 

Shell  large,  elevated,  regularly  conical  Whorls  seven  or 
more,  overlapping,  bearing  large  pebbles  and  fragments  of  shells 
and  corals  intermingled,  exposed  siu&ces  roughly  corrugately 
wrinkled,*  much  crowded.  Base  broad,  concave,  densely  and 
finely  corrugated,  spirally  rudely  costate  by  the  lines  of  growth ; 
yellowish  brown.  Aperture  large,  the  inner  lip  and  cdumella 
with  a  thick,  lustrous,  deep  brown  callus,  which  extends  into 
the  shell     Umbilicus  closed  by  the  reflexed  inner  Up. 

Height,  2-36        in^es.        1-90 

BreAdth,  2''76  **  2^20 

Length  of  last  whorl,         ^86  '*  80 

Near  La  Paz, — J.  Pedersen.     Two  fresh  specimena 

One  of  the  specimens  bears  some  large  fragments  of  a  shell 

that  appears  to  oe  Chiane  undateUa,  the  sculpture  and  color  being 

preserved. 

This  genus  appears  to  have  been  previously  unknown  on  the 

west  coast 

JBnasta  Pioderseniiy  sp.  nov. 

Shell  small,  rather  slender,  elongated;  the  spine  r^ularly 
conical,  acute,  about  two  thirds  the  length  of  the  body  whorl ; 
each  whorl  much  flattened  below  the  suture  and  encircled  by  a 
row  of  rounded  tubercles ;  the  body  whorl  with  low,  rounded, 
longitudinal  costas  below  the  tubercles.  Whole  surface  finely 
longitudinally  sidcated  or  striated,  on  the  upper  whorls  also 
transversely  striated.    Aperture  narrow,  contracted  above,  the 
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outer  lip  much  thickened,  the  edge  subreflexed,  bearing  at  about 
the  uppa:  third  a  stout  tubercle,  below  which  it  is  crenulately 
toothed  within ;  contracted  at  base  by  another  small  tubercla 
One  specimen,  probably  immature,  lacks  the  tubercles  and 
cpenulations ;  columella  with  about  seven  plaits,  the  four  lowest 
largest  Siphon  narrow,  a  little  prolonged  and  recurved,  with 
acute  edges.  Color  fulvous  brown,  specked  with  bluish  white, 
with  an  interrupted  band,  or  spots,  of  deep  brown  below  the 
suture,  a  pale  band  over  the  tuoercles  and  another,  bordered 
with  brown,  below  the  middle  of  the  body  whorL  Length  1 
inch ;  breadth  '50 ;  length  of  body  whorl  '63 ;  length  of  aper- 
ture -68 ;  breadth  12. 

La  Paz, — J.  Pedersen.     Five  specimens. 

This  species  is  closely  allied  to  the  next,  but  is  more  slender, 
with  the  spire  more  acute,  smaller  tubercles  and  costee,  a  more 
prolonged  and  recurved  siphon,  and  more  contracted  aperture. 
The  surfiwe  is  not  smooth  and  the  color  is  lighter. 

Lyria  {Enceta)  CumvngiL 

V<9Ma  Owmkigii'BndL,,  ZoaL  Soc.  Proc  of  Gomm.  of  Sdenee,  1832,  p.  83. 
Lyria  (Enata)  Ommgii  Adams,  Genera,  p.  167,  1858. 

Our  specimens  are  rather  stout  and  solid,  with  large  swollen 
tubercles  and  costae,  and  a  smooth  polished  sur&ce.  The  best 
^ecimeu  lacks  the  tubercle  on  the  inside  of  the  outer  lip,  which 
is  somewhat  flaring  and  much  thickened.  The  siphonal  notch 
is  scarcely  prolonged  and  not  recurved.  The  color  is  dark  and 
rich  brown,  mottled  and  spotted  with  light  bluish  and  flesh-color, 
with  submedian  and  tubercular  interrupted  paler  bands  on  the 
last  whorl  and  an  interrupted  band  of  deep  brown  spots  below 
the  suture  on  the  spine ;  interior  salmon-color. 

Length  I'SS;  breadth  -75;  length  of  body-whorl  'SS;  aper- 
ture •23  broad ;  '82  of  an  inch  long. 

La  Paz, — J.  Pedersen.     Three  specimens. 

Amon^  the  other  species  of  special  interest  are  Codahia  tigerina 
(large  and  abundant),  Lucma  midaia  Carpenter,  L.  eoccavaia  Carp., 
in  several  vane  ies,  MactreUa  exoleta^  Teuina  Owmingii  (abundant 
aad  fine),  Baeta  unduUUa  (numerous  valves),  CyiithoclorUa  plicata, 
Pku:imanomta  Owningii  (three  large  snecimens),  Oonella  cedon- 
weBt  (many  varieties  of  color),  Gonits  (like  iextilis),  Ch/prceapul- 
chra  Kiener  (ten  specimens),  Cyprcea  {Luponici)  Sowerhyi  and 
L  aSmginoea  (both  in  considerable  numbers),  Cassis  tenuis  (finely 
colored),  ffarpa  cretiaia  (several  varieties  of  color),  Ckskdvlvs 
patuUis,  etc.,  all  fix>]ii  La  Paz  and  vicinity. 

Note  to  (hntnbutwns  to  Zoology^  No,  V. — ^In  the  last  number 
of  this  Journal,  page  99,  thegeneric  name,  Oreaster,  should  be 
substituted  for  Pentaceros.  Tins  change  was  made  in  the  prool^ 
after  obtaining  the  reference  to  Pentaceros  in  Cuv.  and  VaL,  but 
the  correction  was  overlooked  by  the  printer. 
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Art.   XXYIL— Notice  of  Dr.    Gould's  Heport  on  the  Trans- 
Atlantic  Longitude.* 

Dr.  Gould's  able  Report  on  the  trans- Atlantic  longitude  has 
at  last  been  published.  It  is  full  three  years,  however,  since  the 
field  work  to  which  it  relates  was  finished,  and  more  than  two, 
as  we  learn  from  a  prefatory  note,  since  the  paper  in  its  present 
form  (except  the  last  chapter)  was  ready  for  the  presa  Astron- 
omers have  waited  for  it  until  patience  was  well  nigh  exhausted. 
Yet,  thankful  now  that  it  is  at  last  within  reach,  they  will 
scarcely  trouble  themselves  to  press  the  question,  why,  or  by 
whom,  it  has  been  so  lon^  withheld,  or  why  it  is  now  published 
by  the  Smithsonian  Institution,  and  not  oy  the  Coast  Survey 
itself,  under  whose  auspices  the  work  was  done.  For  ourselves, 
waiving  these,  and  like  queries,  as  probably  admitting  of  sat- 
isfactory answers,  or,  at  least,  such  as  would  free  the  author  of 
the  Report  from  responsibility  for  the  unexplained  delay,  we 
turn  rather  to  the  more  welcome  task  of  examining  the  K^x)rt 
itself,  and  laying  some  of  its  points  before  the  readers  of  this 
Journal 

The  paper  fills  a  hundred  quarto  pages  of  the  Smithsonian 
Contributions,  and  is  one  of  the  most  important  yet  published 
on  telegraphic  longituda  For  not  only  was  the  undertaking  to 
which  it  relates  among  the  most  difficult  and  delicate,  as  well  as 
important,  of  its  kind,  but  the  party  put  upon  it  brought  to  their 
tasK  nearly  the  sum  total  of  all  the  experience  and  practical  skill 
that  had  then  been  developed  in  this  special  field;  their  chief 
having  for  fifteen  years  had  exclusive  charge  of  the  longitude 
operations  of  the  United  States  Coast  Survey,  and  his  associates, 
liJkewise,  a  long  training  in  the  same  servica  The  Report  may 
be  taken,  therefore,  as  a  good  exemplification  of  the  telegraphic 
method  in  one  of  its  latest  and  most  difficult  applications,  and 
at  the  same  time,  as  but  a  sample  of  the  vast  store  of  similar 
material  that  has  been  accumulating  under  the  same  hand  fix>m 
the  entire  longitude  work  of  the  Survey — material  which  em- 
braced, before  the  war,  no  less  than  twenty-four  independent 
determinations  in  the  Atlantic  and  Gulf  States — ana  which, 
surely,  ought  not  to  be  much  longer  lost  to  science. 

The  Telegraphic  method,  it  is  now  well  understood,  is  distinc- 
tively American,  and  has  had  its  chief  development  in  the  work 
of  our  great  national  Survey.  That  Survey  has,  in  fact,  among 
its  many  important  contributions  to  science,  given  to  the  world 

♦  The  Trans- Atlantic  Longitude,  m  determined  by  the  Ooast  Survey  Expedition  of 
1866.  A  Report  to  the  Superintendent  of  the  U.  S.  Coast  Survey.  By  Benjamin 
Apthorp  Gould,  late  assistant  Washington  City:  published  by  the  Smlthscmian 
Institution,  1869.  New  York:  D.  Appleton  ft  Co. 
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the  best  methods  yet  devised  of  detennining  both  latitude  and 
longitude — Talcott's  for  the  one,  and  the  Telegraphic  for  the 
other;  the  fonner,  devised  in  1834,  giving  us  in  a  single 
night's  work  with  the  zenith  telescope,  or  a  transit  instrument 
used  as  such,  the  latitude  to  a  small  fraction  of  a  second,  and 
the  latter,  the  longitude,  also,  for  the  first  time  in  the  history  of 
geodesy,  with  corresponding  fecility  and  precision — a  fewility 
and  precision,  taken  together,  wholly  unattainable  by  other 
methods,  and  in  the  case  of  longitude  especially,  unapproacha- 
ble even,  particularly  in  extended  operations. 

It  was  not  till  some  years  after  the  telegraphic  method  had 
been  well  elaborated  here,  and  in  successful  use,  that  it  received 
much  attention  abroad ;  and  even  then,  the  modes  of  practice 
recommended  as  original,  by  even  eminent  astronomers,  partic- 
ularly in  France,  were  only  such  as  had  been  long  employed  in 
our  Coast  Survev,  or  superseded  by  better,  and  had  been  pub- 
lished to  the  world  repeatedly,  and  through  various  channels. 

Almost  simultaneously  with  the  invention  of  the  tel^raph 
must  have  occurred  to  astronomers  the  idea  of  using  it  m  de- 
termining longitudes.  It  was  natural  enough,  therefore,  that 
Arago  should,  in  1837,  as  is  said,  have  suggested  such  a  use  of 
it  to  Morse.  But  the  first  actual  experiment,  so  fer  as  we  know, 
was  made,  on  the  Baltimore  and  Washington  line,  in  1844,  by 
comparison  of  chronometers  at  the  two  termini  The  experi- 
ment was  conducted  by  Captain  Wilkes. 

The  method  had,  before  this,  engaged  the  attention  of  Prof 
Bache,  and  he,  quick  to  discern  its  advantages,  in  November, 
1845,  ordered  its  use  in  the  longitude  work  of  the  Coast  Sur- 
vey-^then  in  charge  of  the  eminent  astronomer,  S.  C.  Walker ; 
who,  the  next  year,  made  a  successful  trial  of  it  on  the  line  be- 
tween Philadelphia  and  Washington.  From  1848,  on,  it  was  the 
method  employed  systematically  in  all  determinations  between 
points  in  the  United  States.  Mr.  Walker  tried  both  the  method 
of  clock-signals,  used  in  the  experiment  between  Baltimore  and 
Washington,  and  also  the  superior  one  of  star-signals,  used  in 
the  Coast  Survey  practice,  almost  exclusively,  from  the  first 
Dr.  Gould  succeeded  Mr.  Walker  in  1861 ;  and  in  the  widely 
extended  operations  of  the  next  ten  years,  brought  the  method 
to  a  veiy  high  degree  of  efficiency,  and,  \^ith  his  aids,  acquired 
that  thorough  mastery  of  the  subject,  which  so  well  fitted  both 
him  and  them  for  the  difficult  task,  the  history  and  results  of 
which  are  set  before  us  in  this  Report 

Dr.  Gould's  paper  contains  twelve  chapters :  1,  Origin  of  the 
Coast  Survey  Expedition;  2,  Previous  determinations  of  the 
trans- Atlantic  longitude ;  3,  History  of  the  Expedition ;  4,  Ob- 
servations at  Valencia ;  5,  Observations  at  Newfoundland ;  6, 
Observations  at  Calais ;  7,  Longitude-signals  between  Foilhom- 
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mcFum  and  Heart's  Content;  8,  Longitude-signals  between 
Heart's  Content  and  Calais ;  9,  Personal  error  in  noting  signals ; 
10,  Personal  equation  in  determining  time ;  11,  Pinal  result  for 
longitude ;  12,  Transmission-time  of  the  signala 

The  expedition  had  for  its  object  a  more  exact  determination 
of  American  longitudes,  as  reckoned  from  a  European  zero,  than 
had  yet  been  made.  It  was  important,  for  the  purposes  of  the 
Coast  Survey,  and  of  astronomical  science,  that  the  trans- Atlantic 
longitude  should  correspond  in  precision  with  those  determined 
telegraphically  within  our  own  borders.  The  previous  determi- 
nations of  that  longitude  whether  by  moon-culminations,  by 
eclipses  and  occultations,  or  by  chronometers,  differed  very 
widely  from  each  other.  The  range  of  difference  was  no  less 
than  five  or  six  seconds  in  time.  We  tate  for  comparison,  the 
longitude  from  Greenwich,  of  the  Naval  obser\'atory  at  Wash- 
ington. This  depends  mainly  on  that  of  Cambridge,  and  tlus 
again,  in  part,  on  that  of  New  York,  Philadelphia,  and  other 
places.  Between  these  pointy  the  longitude  has  been  measured 
telegraphically.  That  between  Washington  and  Cambridge  was 
found  bv  Walker,  in  1848-9,  to  be  28°*  41«  54,  and  has  never 
been  re-aetermined ;  but  the  link  between  New  York  and  Jer- 
sey City  was  determined  only  geodetically,  and  that  between 
Jersey  City  and  Washington  by  simple  clock-comparisons  in- 
stead of  the  better  method  of  star-signals ;  while  anotner  geodetic 
link  was  that  of  12* '44,  between  the  Naval  observatory  and  the 
Seaton  station  in  Washington,  to  which  all  the  telegraphic  longi- 
tudes of  the  Coast  Survey  are  referred.  On  account  of  these  cir- 
cumstances, and  the  omission,  besides,  in  these  earlier  determina- 
tions, of  many  of  the  refinements  and  precautions  since  introdu- 
ced, it  seems  highly  desirable,  as  Dr.  Gould  suggests,  that  the 
longitude  between  New  York  and  Washington,  which  he  regards 
as  the  only  weak  link  in  our  whole  chain  of  telegraphic  longi- 
tudes, should  be  carefully  re-determined.  Walker  s  value,  how- 
ever, as  here  given,  is  presumed  to  be  very  near  the  truth. 
Using  the  above  quantities.  Dr.  Gould  finds  for  the  determina- 
tions of  the  longitude  of  the  Naval  observatory  from  Greenwich, 
which  have  appeared  best  entitled  to  confidence  in  recent  years, 
the  following : — 

1.  From  JSclipses  and  Occultations. — The  value  adopted  in  the 
volume  of  Observations  for  1846  is  5**  8°*  14«*64.  Peirce,  in 
1845,  from  occultations  observed  by  Bond  from  1839  to  1841, 
gave  5^  8°  13' '9.  Walker,  from  all  available  observations  be- 
tween 1767  and  1842,  obtained  5^  8°*  14»16,  a  value  subse- 
quently reduced  to  13" '85,  by  change  in  the  adopted  longitude 
of  Philadelphia,  Cambridge,  and  Washington.  A  correction  of 
the  lunar  parallax,  deduced  by  Airy,  Walker  and  others,  from 
various  observations,  required  a  still  further  diminution  of  all 
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American  longitudes ;  so  that  we  have  at  present  from  eclipses 
and  occultations : 

Walker,  corrected  value  from  observations  before  1843, 5**  8",  11»*14 
Peirce,  from  eclipse  of  1851,  July  28,  11*57 

Peirce,  from  emersions  of  Pleiades,  1889,  Sept.  26,  11*45 

Peirce,     "  "  " 

2.  From  Moon  Oidminations : — 

Walker,      from  Cambridge  obs*ti< 
Loomis,         "      Hudson  " 

Gilliss,  «      Capitol  Hill      « 

Walker,        "      Washington      " 
Newcomb,    "  "  " 

Newcomb,    "  "  *• 

Walker  considered  9^'9Q  as  the  most  probable  value  from 
moon-culminations,  and  Newcomb  assimM  11""1  as  that  indi- 
cated by  the  Washington  observations  m)m  1846  to  1863,  inclu- 
siva 

8.  From  chronometers  transported  between  Boston  and  Liverpool 

h.  m.     t. 

Mean  from  373  previous  to  1849,  5  8  12'46 

Bond's  discussion  of  175,  expedition  of  1849,  11 '14 

Walker's     «  "  "        **  12-00 

Bond's  "  "  "        "  12-20zfcl-20 

Bond's         "        of  52,  6  trips,  expedition  of  1855,       13-43=fc019 

The  new  tel^raphic  determination  of  the  longitude  between 
Liverpool  and  Greenwich  adds  0"'06  to  all  these  values. 

The  discordance  of  the  most  elaborate  and  trustworthy 
results  oljtained  by  the  old  methods  is  thus  seen  to  exceed  four 
seconds.  The  value  employed  by  the  Coast  Survey  from  1852 
to  1859  was  5^  8^  ll'-2 ;  since  1859  it  has  been  5*^  8"  11"'8. 

This  great  uncertainty  of  the  trans- Atlantic  longitude — from 
3(J  to  60  times  greater  than  that  of  our  Coast  Survey  determi- 
nations— ^required  that  the  earliest  opportunity  presented  by  the 
successful  laying  of  an  ocean  cable  should  be  seized  for  determin- 
ing this  longitude  telegraphically,  and  with  all  possible  precision. 
Measures  were  early  taken  to  use,  for  this  purpose,  the  cable  of 
1858,  and,  again,  that  of  1865;  but,  of  course,  in  vain.  In 
1866,  however,  the  cable  of  that  year,  and  the  recovered  cable 
of  the  year  before,  afforded  the  desired  opportunity.  The  expe- 
dition, organized  under  authority  of  tne  Coast  Survey,  was 
directed  by  Dr.  Gould,  and  composed  of  oflScers  of  the  survey, 
who  were  among  the  most  skilled  in  longitude  work.  Messrs. 
Gould  and  Mosman  went  to  Valencia,  Ireland,  Messrs.  Dean  and 
Goodfellow  to  Heart's  Content,  Newfoundland,  and  Messrs. 
Davidson  and  Chandler  to  Calais,  Maine ;  for,  the  complete  solu- 
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tion  of  the  problem  in  hand,  required  the  determination  of  three 
separate  longitudes:  1,  between  Greenwich  and  Valencia;  2, 
between  Valencia  and  Heart's  Content,  and  3,  between  Heart's 
Content  and  Calais,  the  easternmost  station  of  the  series  con- 
nected by  the  telegraphic  determinations  of  the  Coast  Survey. 
The  first  was  accomplished  by  the  ready  co-operation  of  the 
Astronomer  RoyaL  The  second  and  third  involved  the  princi- 
pal labor,  and  presented  the  chief  difficulties. 

And  these  difficulties  were  by  no  means  trifling.  Wretched 
climate,  defective  land  lines,  unprecedented  distance,  with  other 
untoward  conditions,  all  conspired  to  render  success  by  no 
means  easy.  Neither  Valencia,  nor  Newfoundland,  had,  it 
would  seem,  any  attractions  for  an  astronomer.  At  Valencia, 
the  observers  were  informed,  on  their  arrival,  early  in  October, 
that  it  had  rained  every  day,  without  exception,  for  eight  weeks. 
It  was  not  until  the  14th  that  any  instrumental  aogustments 
whatever,  could  be  eflfected.  During  the  seven  weeks  of  their 
sojourn  "  there  were  but  four  days  on  which  no  rain  fell,  and 
there  was  but  one  really  clear  night  during  the  period  while  the 
instruments  were  in  position.  The  observations  were,  in  gene- 
ral, made  during  the  intervals  of  showers ;  and  it  was  an  event 
of  frequent  occurrence  for  the  observers  to  be  disturbed  by  a 
copious  fall  of  rain  while  actually  engaged  in  noting  the  transit 
of  a  star."  The  climate  of  Newfounoland  appears  to  have  been 
no  better  for  astronomical  work  than  that  oi  Valencia.  Messra 
Dean  and  Goodfellow  reached  Heart's  Content  on  the  20th  Sep- 
tember, but  saw  neither  sun,  moon,  nor  stars  until  the  16m 
October,  when  they  made  their  first  imperfect  adjustments  of 
the  transit  and  clock.  In  such  circumstances,  it  is  certainly 
most  creditable  to  the  skiU  and  energy  of  the  observers,  that  so 
many  and  excellent  observations  were  obtained,  as  are*  discussed 
in  tms  report. 

The  most  formidable  difficulty  encountered,  however,  was 
the  defective  condition  of  the  long  land  line  of  1,100  mUes 
between  Newfoundland  and  Maina  On  this  line  there  were  no 
less  than  four  "  repeaters,"  or  double  relay  magnets,  and  two 
stations  at  which  messages  were  re-written,  without  even  an 
automatic  "repeater,"  until  these  indispensable  instruments 
were  famished  for  those  stations  by  Mr.  Davidson.  But  even 
with  these  provided,  and  with  the  most  laborious  precautions 
taken  in  other  respects,   all  efforts  at  direct  communication 

E roved  unavailing,  day  after  day,  and  week  after  week.  Mr. 
Davidson's  health  becoming  impaired,  his  place  at  CalaiJs  was 
taken  by  Mr.  Boutelle,  one  of  the  most  experienced  officers  of 
the  survey.  Singularlv  enough,  it  was  only  a  couple  of  hours 
before  his  arrival,  on  the  11th  December,  that,  suddenly,  the 
long-desired  communication  was  found  to  be  established.     "  A 
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sharp  frost  liad  thrown  the  otherwise  defective  line  into  a  con- 
dition of  admirable  insulation,  so  that  an  interchange  of  clock 
signals  was  effected  without  difficulty."  The  signals  afterward 
obtained  over  this  line  were,  in  the  main,  quite  satisfactory,  and 
sufficiently  numerous  to  ensure  a  trustworthy  result ;  still  this 
third  link  in  the  chain  of  longitudes  is  undoubtedly  its  weakest 
part 

A  further  difficulty  was  presented  by  the  unprecedented 
interval  between  the  meridians ;  necessitating  the  use  of  simple 
clock-comparisons  instead  of  star-signals,  and  preventing  the 
interchange  of  observers  for  eliminating  the  effects  of  personal 
equation.  Star-signals — L  e.,  signals  transmitted  at  the  instant 
a  given  star  passes  the  several  wires  of  the  transit  instrument, 
first  at  one  station  and  then  at  the  other,  and  registered  at  both 
— ^have  these  advj^ntages  over  mere  clock-signals — ^beats  sent 
from  each  station  and  similarly  roistered — ^that  they  give 
results  independent  of  the  star's  right  ascension,  which,  can- 
not be  said  of  the  other;  that,  unlike  the  other,  they  are 
independent  also  of  absolute  time-determinations,  thougn  not 
of  instrumental  errors ;  and,  finally,  that  they  yield  results  affect- 
ed only  by  the  clock's  rate,  and  not  its  error,  in  the  interval  of 
the  star's  passage  between  the  two  meridians.  Where  this  inter- 
val is  larce,  as  in  the  case  before  us,  the  spjecial  advantage  of 
star-signals  mainly  disappears ;  and  even  if  it  did  not,  they 
would  require  too  protracted  an  occupation  of  the  cable,  and  in 
the  climate  encountered,  or  indeed,  in  any  climate,  the  chances 
would  be  great,  with  an  interval  of  three  hours,  against  the 
same  star  being  observed  at  both  stations. 

With  the  superior  catalogue  of  time-stars,  however,  which 
had  been  prepared,  and  with  the  carefiil  experiments  for  per- 
sonal equation  which  were  made  both  before  and  after  the  expe- 
dition, there  was  good  reason  to  believe  that,  even  with  the  clock- 
method,  necessarily  used,  no  sensible,  or  at  least,  considerable 
error  depending  on  the  right  ascensions  would  be  introduced,  nor 
any,  also,  arising  fix)m  uneliminated  personal  equation.  That 
this  was  true,  in  both  cases,  the  discussion  of  these  points  in 
the  report  seems  conclusively  to  show. 

Still  another  serious  obstacle  in  the  way  of  accurate  longi- 
tude determination  was  the  absence  of  any  means  for  the  auto- 
matic registration  of  the  signals  received ;  inasmuch  as  the  loss 
of  time  m  noting  the  signals  was,  in  the  method  employed,  not 
only  considerable,  but  quite  uncertain.  The  most  sensitive 
electro-mj^et  tried,  could  not  be  actuated  unless  by  a  charge 
of  the  cable  too  strong  to  allow  the  transmission  of  signals  with 
sufficient  rapidity.  When  the  Valencia  clock  was  breaking 
circuit  during  an  eighth  part  of  every  second,  a  permanent 
deflection  only  was  observed  at  Newfoundland. 
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The  instrnment  actually  employed  for  receiving  signals  was  Sir 
W.  Thomson^s  very  ingenious  reflecting  galvanometer,  the  con- 
struction and  pertormance  of  which  are  thus  described.  "  A 
small  mirror,  to  the  back  of  which  is  attached  a  permanent 
magnet,  the  joint  weight  of  the  two  being  from  five  to  six  centi- 
grams, is  held,  by  means  of  a  single  fiber  above  and  below,  in 
the  center  of  a  coil  of  fine  wire,  which  forms  part  of  the  gal- 
vanic circuit ;  and  its  position  and  sensitiveness  are  r^ulated 
by  movable  bar-magnets  placed  in  the  immediate  vicinity. 
Upon  the  mirror  is  thrown  a  beam  of  light  through  a  slit  m 
iront  of  a  bright  kerosene  lamp,  and  the  deflections  of  the 
needle  are  noted  by  the  movements  of  the  reflected  beam, 
which  is  received  upon  a  strip  of  white  paper.  The  exquisite 
delicacy  of  this  galvanometer,  as  well  as  the  electrical  excel- 
lence of  the  telegraph  cables,  may  readily  be  appreciated  after 
the  beautiful  expenment  in  which  the  electricians  at  Valencia 
and  Newfoundland  conversed  with  each  other  on  a  circuit  not 
far  from  700  myriameters  (4,320  statute  miles)  in  length,  formed 
of  the  two  cables  joined  at  the  ends,  using  a  battery  composed 
of  a  percussion  gun-cap,  a  morsel  of  zinc,  and  a  drop  of  acidu- 
lated water." 

It  is  obvious  that,  with  this  instrument,  there  must  be  an 
appreciable  loss  of  time  in  noting  signals,  due  to  inertia  of 
needle,  etc.,  which  would  be  avoided,  or  more  definitely  mea- 
surable, with  an  automatic  register.  But  no  such  remster  was 
available  Fortunately,  this  loss,  as  is  shown  in  the  chapter  on 
"Personal  error  in  noting  signals,"  proved  to  be  more  constant 
and  measurable  than  was  anticipated,  and,  aflfects  the  final 
result  only  in  a  very  slight  and  limited  degree.  A  very  deli- 
cate automatic  receiving  apparatus  has  since  been  suggested  by 
Dr.  Gould  for  recording  the  signal  on  the  chronograph,  by 
contact  of  the  galvanometer  needle,  whenever  slightly  deflectea, 
with  wires  placed  close  on  each  side  of  it,  and  properly  connect- 
ed with  the  battery. 

The  other  instruments  used  were  the  regular  apparatus  of  the 
telegraphic  party  of  the  Coast  Survey ;  at  each  station,  a  46-inch 
transit  instrument,  with  reversing  apparatus,  and  a  reticule  of 
five  "tallies,"  of  five  spider  lines  each;  a  chronograph,  (Bond's 
"spring  governor,"  at  Valencia  and  Heart's  Content,  and  a 
"  Kerrison's  r^ulator  "  at  Calais  ;)  and  a  circuit-breaking  clock. 
Upon  all  the  chronographs  one  pen,  which  is  constantly  tracing 
a  line  upon  a  revolving  cylinder,  records  the  signals,  both  of 
the  clocK  and  of  the  observer,  by  offsets  from  this  normal  line. 

At  Valencia,  observations  were  obtained  on  fifteen  nights, 
on  no  one  of  which  was  the  sky  unclouded.  "  On  only  two  of 
the  five  nights  on  which  longitude  signals  were  exchanged 
with  Newfoundland,  was  it  possible  to  obtain  observations  after 
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the  exchange,  and  this  was  possible,  too,  on  only  one  of  the 
three  nights,  when  signals  were  successfully  exchanged  with 
Greenwich.  Fifty-three  complete  transits  were  observed  over 
all  the  threads ;  on  and  after  November  5th,  bv  Mr.  Mosman 
alone ;  on  the  25th  an4  28th  October,  by  Dr.  (jould ;  at  other 
times  by  both.  The  clock  corrections,  however,  whenever  pos- 
sible, were  deduced  from  Mr.  Mosman's  observations;  wnen 
otherwise,  a  constant  correction  of — OOS  was  applied  to  Dr. 
Gould's.  For  both  clock  correction  and  azimutn,  the  condi- 
tional equations  were  solved  by  the  method  of  least  squares, 
a  methoa  introduced  into  this  branch  of  the  coast  survey  work 
by  Dr.  Gould,  and  an  important  means  of  giving  precision  to 
the  telegraphic  longitudes.  We  are  indebted,  maeed,  to  this 
eminent  astronomer  for  the  particular  notation  and  methods  of 
observation  and  reduction,  which  have  been  employed  in  the 
longitude  work  of  the  coast  survey  since  it  came  under  his 
charge,  and  which  are  described  in  the  C.  S.  Eeport  for  1856. 
The  transit  observations  are  given  in  fall,  with  their  reduc- 
tions for  the  groups  immediately  preceding  and  following  the 
longitude-signals,  and  with  the  normal  equations  and  resultant 
values  for  each  group. 

A  glance  at  these  observations  reveals  at  once,  in  the  small 
residuals,  both  the  accuracy  of  the  star-places  and  the  skill  of 
the  observers.  For,  necessarily,  different  sets  of  fundamental 
stars  for  clock  and  instrumental  corrections  were  employed  at 
the  two  stations,  owing  to  their  distance,  and  also  at  the 
«ime  station  on  different  nights,  owing  to  the  various  hours 
at  which  the  signals  could  be  exchanged.  Considering  all  the 
unfavorable  circumstances,  the  d^ree  of  precision  attainded  is 
certainly  remarkable.  This  must  be  attributed,  in  great  part 
at  least,  to  the  extreme  accuracy  of  Dr.  Gk)uld*s  own  caremlly 
elaborated  catalogue  of  fundamental  stars,  prepared  in  1862, 
for  the  use  of  the  longitude  parties  of  the  Coast  Survey,  and  in 
its  second  edition,  furnishing  still  more  precise  places,  especially 
for  circumpolar  stars. 

The  observations  at  Heart's  Content,  and  at  Calais,  for  time 
and  instrumental  corrections,  were  made,  as  at  Valencia,  in  very 
unfavorable  circumstances,  yet,  similarly,  exhibit  remarkable 
accordance.  Fortunately,  at  the  former  place  excellent  series  of 
transits  were  obtained,  both  before  and  after  every  exchange  of 
longitude  signals,  whether  with  Valencia  or  with  Cfalais.  At  the 
latter  place,  however,  the  clock  gave  serious  trouble  as  well  as 
the  weather ;  yet  the  observations,  though  not  as  good  as  could 
be  wished,  proved  to  be  much  more  accordant  than  might  have 
been  expected  in  the  circumstances,  and  give,  it  appears,  a  small 
probable  error  of  the  final  result 

Longitude  signals  were  successfully  transmitted   between 
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Foilhommerum  and  Heart's  Content  on  but  five  dates ;  October 
25th  and  28th,  and  November  5th,  6th,  and  9tL  The  method 
of  giving  and  receiving  these  signals  is  thus  described  in  the 
Eeport  We  quote  at  length,  that  a  clear  understanding  may 
be  obtained  of  that  portion  of  the  operations  on  which  the  pre- 
cision of  the  result  chiefly  depends. 

"  Three  series,  of  two  sets  each,  were  exchanged  on  every  occa- 
sion ;  each  set  consisting  of  ten  signals  alternately  positive  and 
negative,  at  intervals  of  about  five  seconds,  except  that  the  fifth 
and  eighth  were  preceded  by  pauses  of  ten  seconds,  which  was 
also  the  interval  between  the  two  sets.  The  purpose  of  this 
arrangement  was  to  discover  whether  the  velocity  of  transmis- 
sion was  perceptibly  affected  by  a  longer  time  being  allowed 
for  the  caole  to  recover  its  electrical  ec^uilibrium,  and  also  to 
fecilitate  the  identification  of  the  individual  signals.  Some 
slight  convenience  in  the  practical  details  also  arose  from  the  cir- 
cumstance that  each  set  occupied  one  minute,  and  that  each  series 
consisted  of  ten  positive  ana  ten  n^ative  signals.  Those  sig- 
nals were  considered  positive  by  which  the  platinum  was  put  m 
connection  with  the  cable  and  the  zincode  with  the  ground. 

In  receiving  the  signals,  the  observer  (Mr.  Dean  at  Newfound- 
land, and  mvself  at  Valencia)  watched  the  deflections  of  the 
light-spot,  while  his  thumb  rested  on  the  button  of  a  delicately 
adjusted  break-circuit  key,  which  was  pressed  at  the  instant  in 
which  the  deflection  was  perceived  This  instant  was  thus 
recorded  upon  the  chronograph,  after  a  certain  amount  of  delay, 
which  we  will  call  the  personal  error  of  noting,  and  which 
depended  upon  a  considerable  number  of  influences  to  be  dis- 
cussed hereaft;er.  The  keys  by  which  the  signals  were  trans- 
mitted were  made  by  the  American  Telegraph  Company,  under 
the  supervision  of  Mr.  Dean,  and  are  constructed  according  to 
the  arrangement  devised  by  Prof  Thomson  for  the  Atlantic 
Telegraph,  in  such  a  manner  that  pressure  upon  one  button 
produces  a  positive,  and  upon  the  other  a  negative  signal,  while 
no  current  flows  at  other  timea  To  this  arrangement  an  addi- 
tional contrivance  was  applied  by  which  the  local  circuit  to  the 
chronograph  passed  through  the  same  key,  and  was  interrupted 
by  pressure  upon  either  button,  so  that  every  signal  transnutted 
through  the  cable  was  recorded  upon  the  chronograph  at  the 
station  whence  it  was  sent 

It  is  thus  manifest  that  the  times  of  sending  the  signals  were 
accurately  recorded,  while  the  times  of  receiving  signals  were 
recorded  after  an  interval  of  time  dependent  on  the  personal 
error  of  noting,  and  inseparable  from  the  time  of  transmission 
through  the  cable,  except  by  some  independent  means  of  meas- 
urement K  this  interval  were  the  same  for  both  observers,  it 
would  be  eliminated  entirely  fix)m  the  longitude  and  merged 
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with  the  time  of  transmission.  Otherwise  it  would  effect  the 
resultant  longitude  by  one-half  the  difference  between  the  per- 
sonal errors  of  noting  for  the  two  observers.  Happily  it  proved 
to  be  very  nearly  the  same  for  Mr.  Dean  and  myself,  and  also 
measurable ;  so  that  it  has  been  possible  to  eliminate  its  influ- 
ence from  the  measure  of  velocity,  as  well  as  from  the  longi- 
tude."— jBej9.,  p.  54. 

The  relations  of  the  several  quantities  derived  from  the  obser- 
vations, and  entering  into  the  nnal  results,  are  expressed  in  the 
following  equations :  in  which  T  and  T  denote  the  clock  times 
at  Valencia  and  Newfoundland,  respectively,  M  and  £^if  the  clock 
errors,  x  the  transmission  time  of  the  signals,  and  ^  the  longitude ; 
these  quantities  being  also  distin^shed  by  a  subscript  ,  and  , 
for  Valencia  and  Newfoundland  signals  respectively.  Including 
in  X  the  personal  error  of  noting  signals,  the  signals  given  and 
recorded  at  Valencia  at  the  time  T^  will  be  registered  upon  the 
Newfoxmdland  record  at  7'j'=7'j+a<j  — ^<j'--i-(-ajj  and  the  sig- 
nals given  and  recorded  at  Newfoundland  at  jT,  will  be  regis- 
tered upon  the  Valencia  record  at  7'2=7'2'+a^2' — A^^-f  X-j-'^j^. 
Thus  the  comjwirison  of  the  records  of  Valencia  signals,  at  the 
two  stations  gives  T^-^T^'^m^'—m^+I — ajj,  while  the  com- 
parison of  the  records  of  Newfoundland  signals  gives 

and  consequently 

If  we  assume  the  personal  error  of  noting  to  be  the  same  for 
the  two  observers,  and  the  signals  to  travel  with  equal  velocity 
in  the  two  directions,  the  term  a?,  —  x,  will  disappear  from  the 
first  equation,  while  the  second  will  give  a  measure  of  the  sum 
of  the  transmission-times  and  the  personal  errors  of  noting. 

The  several  quantities  above  indicated  are  given  in  detail  in 
the  Report  for  the  different  series  of  signals,  and  eidiibit  excel- 
lent accordance  in  the  results.  There  appears  to  have  been  no 
difference  of  clock  rates  to  affect  the  decmced  value  of  cc,  nor  of 
velocity  for  eastern  and  western  signals  to  require  a  correction 
of  X  depending  on  the  clocks. 

The  resultant  values  for  the  longitude,  subject^  however,  to  a 
correction  for  personal  equation  in  determining  time,  are  as  fol- 
lows : — 


1866 

,  October 

25, 

28, 

2b 

51" 

56-477 

66-487 

November 

5, 
0, 

56-465 
66-481 
66-460 
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The  mean  interval  between  the  moments  of  giving  the  sig- 
nals and  of  their  record  upon  the  chronograph  sheet  is  similarly 
found  to  have  been 


October       25, 

0-62  ±  0*-008 

28, 

0-64            -010 

November     6, 

0-69            -004 

6, 

0-65            -007 

9, 

0-64            -005 

in  which  the  quantities  appended  are  the  probable  errors  of  the 
respective  determinations  as  deduced  from  the  total  results  of 
the  several  sets,  there  being  six  sets  for  each  determination 
except  that  of  November  6th. 

Between  Heart's  Content  and  Calais  the  clock  signals  were 
much  less  satisfactorv ;  being  obtained  only  on  four  nights,  on 
only  two  of  which  the  clock  errors  could  be  determined  either 
immediately  before,  or  soon  after,  the  exchange,  and  on  one 
of  these  two  there  was  special  trouble  from  tne  clock.  By 
some  misunderstanding,  also,  the  signals  were  not  exchangea 
strictly  according  to  programme,  and  thus  a  ftirther  source  of 
uncertainty  was  mtroduced  from  the  partial  conftision  occasioned 
in  the  record,  and  the  greater  difficulty  of  eliminating  personal 
equation.  The  resulting  longitude  and  time  of  transmission 
exhibit,  however,  better  accordance  than  was  to  have  been 
expected,  and  are  as  follows  (subject  to  a  correction  for  personal 
equation) : 


1866.                         X. 

X, 

December  11,    0^  56°>  87-89 

0-24 

12,                   87-58 

0-81 

14,                   87-84 

0-27 

16,                   87-78 

0-28 

From  the  description  of  the  mode  of  receiving  signals, 

2 noted  on  page  236,  it  will  be  seen  that  there  is  introduced,  in 
U  the  observations,  a  special  error  due  to  the  different  methods 
employed  at  the  two  stations  of  recording  a  given  signal 
This  is  called  in  the  report,  "the  personal  error  of  noting.  It 
is  the  interval  between  the  arrival  of  the  signal  at  the  gsdvan- 
ometer  and  its  record  on  the  chronograph ;  for  it  will  be  re- 
inembered  that  the  signal  sent  through  the  cable  does  not  pass 
at  once,  automatically,  to  the  chronograph,  as  at  the  transmit- 
ting station,  but  reaches  it  only  through  the  mediation  of  an 
observer,  who,  after  noticing  the  deflection  of  the  light-spot 
fix)m  the  galvanometer,  sends  a  second  telegraphic  signsu  to  his 
own  chronograph.  The  whole  interval,  ^,  therefore,  which 
elapses  between  the  giving  of  a  signal  at  one  station  and  its 
chronographic  recora  at  the  other,  is  made  up  of  several  parts. 
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These  parts,  as  given  in  the  Report,  consist  of  the  time  requi- 
site,— 

1.  For  the  signal  to  arrive  at  the  other  station. 

2.  For  the  galvanometer  needle  to  move  through  a  percepti- 
ble arc. 

3.  For  th^  observer  to  notice  the  motion  and  tap  his  break- 
circuit  key. 

4.  For  this  observation-signal  to  be  recorded  upon  the  chrono- 
graph. 

Of  these  the  second  and  third  constitute  the  "  error  of  not- 
ing," which  is,  therefore,  partly  instrumental  and  partly  per- 
sonal ;  the  one  due  to  the  inertia  of  the  galvanometer-magnet, 
the  other  being  the  "  transmission-time  "  along  the  nerves  from 
eye  to  brain,  through  brain,  and  thence  to  finger-tips ;  consist- 
ing, therefore,  of  three  distinct  intervals,  viz. :  1,  between  phe- 
nomenon and  perception  ;  2,  between  perception  and  volition ; 
8,  between  vohtion  and  giving  signal  The  sum  of  these  three 
intervals,  according  to  the  experiments  made  by  Dr.  Gould, 
could  hardly  exceed,  for  good  observers,  0«'8 ;  which  would 
give  for  velocity  of  transmission  through  nerves  about  13  feet, 
unless,  indeed,  some  considerable  time  is  occupied  in  the  act  of 
volition  after  perception,  as  seems  probable  from  the  experi- 
ments of  de  Jaager  and  Hirsch.  Helmholtz  made  the  velocity 
of  nerve-sensation  in  the  fix)g  (dead),  by  different  experiments, 
87  and  89  feet  per  second.  Dr.  Schelske  found  that  velocity  in 
the  nerves  of  common  sensation  and  along  the  spinal  cord  in 
living  men,  to  be  about  97  feet  Others  make  the  velocity  not 
more  than  half  as  great 

With  respect  to  the  four  intervals  which  make  up  the  quan- 
tity ic,  it  is  remarked  that,  if  equal  at  the  two  stations,  they 
become  wholly  eliminated  in  the  resultant  longitude;  if  un- 
equal, the  longitude  must  be  increased  hj  one  half  the  excess 
oi  their  sums  for  westward  signals.  In  either  case,  the  opera- 
tions for  longitude  give  only  tneir  total  sum  at  the  two  stationa 
The  chronographs  at  both  stations  being  similar,  it  might  be 
presumed  that  the  time  lost  bv  both  in  making  the  recom  after 
the  kejr  is  tapped  would  be  the  same ;  and  repeated  examina- 
tions showed  that  this  was  sensibly  the  case.  It  therefore 
becomes  eliminated  in  the  resultant  longitude ;  as  does  also  the 
transmiflsion-time  through  the  cable,  if  sensibly  the  same  in 
both  directions ;  as  Dr.  vrould  shows  that  it  is. 

The  method  employed  for  determining  the  "  error  of  noting" 
was  alike  ingenious  and  successfoL  It  was  by  carefiiUyoD- 
serving  a  senes  of  signals  similar  to  those  exchanged  for  longi- 
tude, and  so  arranged  that  both  the  original  signal  and  the 
observation  of  the  consequent  deflection  were  recorded  on  the 
same  du^onograph.      The  similarity  requisite  in  respect  to 
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intensity  of  current,  was  secured  by  an  ingenious  adjustment 
of  battery  force  to  both  galvanometer  and  chronograph,  by 
means  of  a  divided  circuit,  the  branch  of  it  through  the  galvan- 
ometer being  a  German  silver  wire  so  fine  as  to  give  an  inten- 
sity, as  compared  with  that  in  the  other  branch,  of  1  to  100 ; 
the  requisite  reduction.  Other  equally  skillful  devices  secured 
similarity  and  freedom  from  error  in  other  respects. 

These  experiments  showed  the  range  of  variation  of  this  error 
of  noting  for  different  individuals  to  be  very  small ;  the  mean 
error  for  Dr.  Gould  at  Valencia  being  0'*271,  and  for  Mr.  Dean 
at  Newfoundland,  0«'835 ;  the  difference  being  due  to  the  gal- 
vanometer, probably,  rather  than  the  observer.  The  sum  of 
the  two  0'"606,  is  the  quantity  to  be  deducted  from  the  value  of 
cci  +  a::a  to  obtain  the  true  time  of  transmission,  and  half  their 
difference,  or  0*'032,  that  to  be  deducted  from  the  longitude  after 
all  other  corrections  are  applied. 

In  conducting  these  experiments  a  very  curious  source  of 
error  was  detected,  in  the  effect  of  hearing  the  click  of  the 
key,  upon  observations  supposed  to  depend  only  on  seeing  the 
deflection  of  the  needla  This  is  a  point  of  so  much  import- 
ance to  observers,  that  we  quote  the  suggestion  of  the  Report, 
"  that  a  verv  marked  effect  upon  the  observation  of  transits  of 
stars  is  likely  to  be  produced  when  the  chronograph  is  in  the 
same  apartment,  so  that  the  regular  beats  of  the  magnet  are 
audible.  When  the  intervals  between  the  transit-threads  are 
approximately  multiples  of  half  a  second,  the  tendency  is  very 
great  so  to  tap  upon  the  observing  key  as  to  produce  a  rhvth- 
mical  beat  in  the  armature ;  and  when  the  interval  differs  m)m 
the  multiple  of  a  second,  the  occurrence  of 'that  magnet-beat 
which  records  an  even  second  often  precipitates  the  tap  of  the 
observer,  whose  nerves  are  in  keen  tension  awaiting  the  instant 
of  bisection.  Only  a  strong  effort  of  will  can  obviate  these 
perturbing  influences — ^whicn  are  akin  to  those  exhibited  in  the 
measurements  just  described." 

This  curious  effect  seems  to  show  that  eye  and  ear  do  not 
report  to  the  brain  with  the  same  promptness,  and  that,  when 
aoiiressed  simultaneously,  the  mind  cannot  recomize  which 
makes  the  report,  but  takes  that  of  one  or  the  other,  or  both 
together,  indiscriminately,  the  range  of  uncertainty  being  eaual 
to  the  difference  in  promptness  of  the  two  senses.  Possibly 
part  of  the  effect  may  be  due  to  a  definite  lapse  of  time  between 
the  occurrence  of  the  audible  and  the  visible  signal ;  which, 
however,  should  give  a  more  constant  effect 

Want  of  space  compels  us  to  pass  the  interesting  chapter  on 
"  Personal  ea nation  in  determining  time,"  with  simpFp^  the  remark 
that  the  orainary  methods  of  measuring  that  e(}uation  being 
inapplicable,  by  reason  of  the  distance  ana  other  circumstances, 
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comparisons  were  made  between  the  observers  for  this  purpose 
as  soon  as  practicable  after  their  return;  and  the  values 
deduced,  though  in  many  resjjects  quite  unsatisfactory,  were 
adopted  as  the  best  approximation  that  could  be  obtained  for 
the  diflferent  observera     They  are  these : 

Gould — Mosman  =-^0»*02 

Dean— Mosman  =4-  ^'1 1 

Goodfellow — Dean  =+  0'14 

Boutelle— Goodfellow  =—  0-14 

Boutelle— Chandler  =-  0-04 

A  special  wrangement,  by  which  it  was  intended  to  entirely 
eliminate  personal  equation  at  Heart's  Content^  unfortunately 
foiled  through  some  misapprehension  of  the  observers.  The 
fact,  however,  that  they  had  been  in  the  practice  of  observing 
togedier  for  many  years  and  had  always  found  the  equation 
between  them  to  vary  between  very  narrow  limits,  on  Ibe  two 
sides  of  zero,  rendered  the  failure  of  little  practice  eonsequenoe. 

We  hasten  to  give  briefly  the  final  results  for  lon^tude. 

Between  Foilhonunerum  and  Heart's  Content  we  have  for  the 
several  dates,  aft^  corrections  applied : — 

1866,  Oct.   26,  2*  51"  56»-467 

28,  -468 

Not.    5,  -466 

6,  -481 

9,  -460 

The  final  longitude  deduced,  after  correction  for  personal 
equation  in  determining  time,  Dean — Mosman— +0*11,  and  in 
noting  signals.  Dean — Gould  =4-0" -03,  becomes 

1=2^  61°»  56"-54 

Between  Heart's  Cont^it  and  Calais,  the  results,  similarly  cor- 
rected, are  for  the  several  dates : — 

Dec.  11,  0^  65»  87*-98 

12,  f37*63] 

14,  87-84 

16,  37-82 

And  the  final  result,  corrected  by  —  0'-14  for  personal  equation 
between  Boutelle  and  Goodfellow,  and  omitting  Dec.  12,  is — 

Between  Greenwich  and  Poilhommerum,  the  longitude  was 
obtained  by  satis&ctory  signals  on  two  nights,  and  compared 
with  two  previous  determinations  by  Mr.  Airy  for  other  points 
at  Valencia,  by  short  geodetic  connectiona  The  two  nights 
exchanges  gave 
Am.  Joitb.  8oi.— Sboohb  Sbriis,  V0L.XLIX,  No.  146.— Maboh,  1870. 
16 
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1866,  Nov.  6,         O**  41"  33"-306     0«-115 
13,  33-280      0-110 


Mean,  0    41      33*29 

This  differs  by  — 0*10  from  that  adopted  by  Mr.  Airy  as 
deduced  from  the  great  chronometric  expedition  of  1844,  and 
the  tel^raphic  determination  of  1862. 

The  combination  of  the  three  longitudes  thus  determined, 
gives — 

Greenwich — Foilhommerum,  0**  41°^  33'-29 

Foilhommerum — Heart's  Content,  2    61      66*64* 
Heart's  Content — Calais,  0    66      8  7 '72 

Greenwich — Calais,  4    29        7*66 

"  The  Valencia  observations  having  been  made  by,  or  refer- 
red to,  Mr.  Mosman  throughout  the  whole  period,  his  personal 
equation  is  eliminated ;  the  equation  between  Messrs.  Goodfel- 
low  and  Dean,  always  small,  may  be  regarded  as  trustworthy, 
and  by  a  happy  coincidence  the  personal  equations  of  Mr.  Bou- 
telle  on  the  west,  and  of  Mr.  Mosman  on  the  east,  seem  to  be 
almost  identical,  so  that  even  a  total  disr^ard  of  this  (quantity 
would  have  resulted  very  nearly  in  its  perfect  elimination,  the 
oceanic  arc  being  diminished  and  the  land  arc  increased,  eacli  by 
about  0*-14." 

The  only  probable  influence  of  personal  equation  in  the 
entire  longitude-measurement,  comprising,  as  it  does,  three-six- 
teenths of  the  whole  circumference,  lies  in  the  difference  between 
the  observations  of  Messrs.  Dunkm  and  Boutelle. 

The  longitude  of  Calais,  as  heretofore  telegraphically  deter- 
mined, is  as  follows : — 

Calais— Bangor,                  0^    6"»  0»-31 

Bangor — Cambridge,         0      9  22-99 

CanAridge — New  York,    0    11  26*07 

New  York— Washington,  0    12  16*47 

Calais — ^Washington,         0    39        4*84 

whence  we  have 

Greenwich — Washington,  6*^     8"  12'*39 

The  Seaton  Station  being  12'*44,  and  the  dome  of  the  Capi- 
tol 10"17,  east  of  the  Naval  Observatory,  to  the  center  of  tne 
dome  of  which  the  preceding  value  refers,  we  have  as  their  lon- 
gitudes from  Greenwich — 

Seaton  Station,  6^  7°»  69»-96 

Capitol,  6    8        2-22 
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From  the  fects,  as  exhibited  in  this  report,  there  woxild  seem 
to  be  every  reason  to  believe  that  this  result  is  within  a  very 
small  fraction  of  a  second  of  the  exact  longitude,  and  that  the 
small  probable  error,  whatever  it  may  be,  is  mostly  due  to  the 
weakest  link  in  the  whole  chain — that  between  Newfoundland 
and  Calais. 

The  indiscriminate  mean  of  all  the  chronometer  determina- 
tions, as  given  early  in  this  article,  using  the  numbers  of  chro- 
nometers as  weights,  is  5^  8™  12"'14 ;  leaving  out  Bond's  first 
discussion  of  the  175,  it  is  6^  8"  12"-37.  The  mean  of  Peirce's 
two  from  occultations  of  Pleiades,  without  r^ard  to  weight,  is 
511  3m  i2'»-29. 

We  r^ret  that  we  have  not  room  for  even  a  brief  abstract  of 
the  valuable  closing  chapter  on  the  transmission-time  of  signals, 
but  are  compelled  to  dismiss  it  with  barely  stating  the  gene- 
ral result  and  some  conclusions  with  respect  to  a  few  points,  as 
derived  from  the  exj)eriments. 

The  transmission-time  by  cable,  after  correction  for  personal 
error  in  noting  signals  (0"'308),  was  found  to  be  for  the  several 
dates: — 

1866,  October    25,  0*-814  Cable  of  1 866,  with  earth  and  condenser. 
28,     '343      "         "         **         "        "  " 

November  6,     '280  Both  cables,  no  earth. 
6,     -248      "         "         "       " 
9,  0-240      "         "         "       " 

The  battery-strength  on  these  nights  was  as  follows : — 

October    25,  10  cells  at  Valencia,  10  cells  at  Newfoundland. 
28,  10     "     "  "  10     "     "  " 

November  5,    3    "    "         «  3    "    **  « 

6,    3     "    "         "         10    "    "  ** 

9,    4    **    "         "         10     "    "  " 

From  these  results  the  inferences  seem  warrantable,  1st,  that 
the  velocity  of  transmission  is  greater  when  the  circuit  is  direct 
and  consists  of  a  good  metamc  conductor  exclusively,  than 
when  the  signals  are  given  by  induction,  although  the  earth  may 
be  at  the  other  electitxie ;  and  2d,  that  an  increase  of  intensity 
in  the  electromotive  force  is  attended  by  an  increase  in  the  ve- 
locity of  propagation  of  the  signaL 

From  tne  observations  for  longitude,  and  from  other  experi- 
ments made  with  special  reference  to  particular  points,  the  fol- 
lowing general  conclusions  were  reached. 

"  It  appears  manifest  that  not  an  electrical  charge  or  discharge, 
but  simply  an  electrical  disturbance,  is  requisite  for  transmit- 
ting a  signal ;  that  an  inductive  impulse,  sumcient  to  deflect  the 
galvanometers  employed,  was  transmitted  through  one  cable, 
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having  at  each  end  a  condenser  with  10  cells,  in  somewhat  leas 
than  me  third  of  a  second,  five  seconds  after  the  transmission  of 
an  impulse  of  the  opposite  sort ;  that  with  a  circuit  formed  by 
die  two  cables,  a  smaller  dectiomotive  force  sufficed  to  trans- 
mit the  signals  with  yet  greater  rapidity ;  that  the  signals  trav- 
eled more  raj)idly  through  a  cable  whicn  had  not  recovered  its 
electrical  equilibrium  after  a  current  of  the  opposite  character ; 
imd  that  the  speed  of  the  signals  is  modified  by  the  earth-con- 
nections, more  readily  than  oy  changes  in  the  battery-power. 
And  the  very  marked  differences,  found  in  Ae  rates  of  trans- 
mission, between  sisals  given  by  completing  an  interrupted 
circuit  and  those  given  by  interrupting  a  closed  circuit,  may 
perhaps  lead  to  investigations  which  will  afford  an  explanation. 

C.  S.  Lyman. 


Art.  XKYUL— Meteors  of  November^  1869  ;  compiled  by  H.  A. 

Newton. 

The  cloudy  weather  in  most  parts  of  the  United  States  and 
Europe  prevented  continuous  observations  of  the  Nov^nber  me- 
teors, at  the  time  of  their  return  in  1869,  by  nearly  aU  those 
who  were  watching  for  them.  The  observers,  m  the  rew  Nations 
where  the  skies  were  clear,  ftimish,  however,  ample  testimony 
to  the  appearance  of  unusual  numbers  on  the  morning  of  Nov. 
14th.  The  display,  moreover,  like  that  of  1868,  continued  for 
several  hours.  I  give  below  the  particulars  of  the  observations 
at  various  places. 

1.  At  New  Haven. — Two  members  of  the  Junior  Class,  Messrs. 
C.  B.  Dudley  and  R  P.  Maynard,  saw,  through  openings  in  the 
clouds,  six  meteors,  between  4^  and  6^  on  Ihe  morning  of  the 
14th.  Some  of  them  had  the  peculiar  trains  belonging  to  the 
November  meteors.  On  the  next  morning,  Nov.  15m,  the  sky 
was  nearh"  overcast,  but  between  8*  and  8^*  45™,  we  saw  eight 
meteors,  lour  of  them  conformable.  During  Ihe  rest  of  me 
morning  the  sky  was  overcast,  and  even  in  mis  interval  it  was 
at  no  time  more  Ihan  one  third  dear. 

2.  A  similar  failure,  nearly  or  quite  complete,  is  reported  by 
Prof  Eastman,  at  the  U.  S.  Naval  Observatory,  Washington,  by 
Mr.  Marsh  and  Mr.  Taylor,  at  Philadelphia,  oy  Mr.  Fuertes  at 
Stamford,  Conn.,  by  Mr.  Boemer,  at  vevay,  Ind.,  bv  Prof 
Eockwood  at  Brunswick,  Ma,  and  by  various  others  who  were 
in  readiness  to  make  observations. 

8.  At  Pensacola,  Fhridcu — To  the  courte^  of  Commodore 
Sands,  Sup't  of  the  TJ.  S.  Naval  Observatory,  we  are  indebted 
for  a  letter  of  Commander  Wm.  Gibson,  ftom  Pensacola.  He 
says  that  the  night  of  the  18th-14th  was  exceedingly  bright  and 
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dear,  and  that  the  shootmg  stars  were  observed  in  extraordinary 
numbers,  from  1^  15™,  A.  M.,  until  dawn,  most  numerously  be- 
tween 3^  and  4^  A.  M.  It  was  diffiexdt  to  give  the  average  per 
minuta  It  varied  from  two  or  three  to  twenty  or  thirty,  or 
more,  the  star-showers  flashing  and  intermitting  like  the  bursts 
and  pauses  of  a  gusty  rain.  In  magnitude  they  varied  from 
mere  moving  points  of  light,  to  those  which  were  larger  than 
Jupiter.  One  train  remained  visible  at  least  50  minutes,  drift- 
ing slowly  to  the  northward. 

4  Upon  the  Pacific  Ocean. — To  the  courtesy  of  the  Secretary 
of  the  Smithsonian  Institution,  we  are  indebted  for  a  letter  of 
Mr.  Alexander  Evans  of  Elkton,  Md. 

On  the  morning  of  Nov.  14th,  he  was  upon  the  Pacific 
Ocean,  lat  8^  80'  N.,  and  long.  84°  80'  W.  He  watched  from 
two  till  four  o^clock,  when  the  sky  became  overcast  Between 
these  hours  the  sky  was  partly  covered.  The  display  was,  he 
says,  quite  eaual  to  that  of  1868  which  he  observed  throughout 
He  thought  mat  the  radiant  point  was  not  as  last  vear,  m  the 
center  of  the  sickle  in  Leo,  but  a  little  more  to  the  eastward 
between  the  stars  t,  and  y.  There  were  several  nonconformable 
meteors  whose  radiant  seemed  to  be  the  zenitL 

5.  At  Santa  Barbara^  CaltfomioL — ^To  the  courtesy  of  Pix>£ 
Peirce,  Superintendent  of  the  TJ.  S.  Coast  Survey,  we  are  in- 
debted for  the  observations  of  Mr.  Geo.  Davidson,  Assistant, 
and  Mrs.  E.  Davidson  at  the  Coast  Survey  station,  at  Santa 
Barbara  (lat  84^  24',  Ion.  7»»  59°»).  Between  l**  18",  a.  m., 
and  S*'  43™  on  the  morning  of  Nov.  14th,  they  counted  556 
meteors.  The  following  table  represents  the  number  of  meteors 
seen  by  the  two  observers  per  minute.  They  are  taken  from 
the  diagram  forwarded  by  Pro£  Peirca 


1^  33B  2-2  meteors. 
35    3-6       " 
47     4-8       " 
63     6-0       " 
69     3-8       " 

2      9    4-8       " 


Jh  \m  6-0  meteore-l 

21 

6-2       " 

26 

60       " 

31 

2-2       " 

36 

2-2       '• 

41 

6-6       " 

2b  46m  3.0  meteors.! 

61 

4-0 

«( 

66 

6-0 

it 

3      1 

6-0 

It 

6 

3-0 

(1 

11 

20 

u 

3h  16m 50  meteora 
21  2-6  " 
26  2-0  " 
31  3-7  " 
36  3-2  " 
41     4-0       " 


Mr.  Davidson  says,  "  the  night  was  beautifully  clear,  the 
moon  being  ten  days  old,  and  4°  soutk  I  was  called  at  l**  10"», 
A.  M.,  up  to  which  time  22  meteors  had  been  seen.  After 
S*"  43",  A.  M.,  watch  was  kept  for  any  unusual  display,  but  the 
numbers  gradually  diminished.  Some  of  the  meteors  were 
very  brilliant  and  left  persistent  trains.  About  half  a  dozen 
meteors  were  observed  moving  in  directions  toward  the  radiant 

"At  2*>  33«,  A.  M.,  I  observed  a  brilliant  meteor  start  fix)m  a 
point  above,  and  a  little  to  the  left  of  the  pointers ;  it  left  a 
persistent  train  and  disappeared  at  a  point  about  9°  or  10® 
above  Polaris,  and  6°  to  the  right     The  train  was  5°  in  length ; 
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gradually  it  took  a  wavy  form ;  then  curved  until  it  formed 
two-thirds  of  an  irregular  circle,  and  was  3°  in  diameter  and 
half  a  degree  in  widtL  I  examined  it  with  a  good  binocular, 
and  found  it  not  of  uniform  density,  but  having  open  spaces  in  it. 
It  remained  visible  8^  minutes,  and  in  that  time  apparently 
moved  in  a  line  toward  the  radiant  point  in  Leo,  over  a  space 
of  8°." 

The  small  number  of  meteors  reported  above  as  seen 
between  2*»  80"  and  2*»  40"  was  due  to  Mr.  Davidson's  being 
engaged  in  watching  the  train  of  this  meteor. 

At  V^  16"  Mr.  S.  R  Thockmorton,  Jr.,  saw  a  meteor  appear 
and  disappear  without  apparent  motion.  It  was  about  two 
degrees  alx)ve  and  to  the  left  of  the  bright  star  in  the  blade  of 
the  sickle. 

6.  At  Fredericton,  K  51,  (lat  46''  8',  Ion.  66'  45').— A  watch 
was  kept  up  by  relays  of  students  of  the  University  of  New 
Brunswick,  throughout  the  night  of  Nov.  18th,  14th.  They 
report  the  times  and  general  directions  of  the  individual 
meteors,  with  duration  of  flight,  brilliancy,  &c.  The  following 
table  of  the  numbers  seen  in  each  10  minutes  of  the  night  is 
compiled  from  their  report 


Nimthero^ 

f  meteors 

night  of  Nov.  13^.  I4t^. 

Hour. 

OOL-iom 

10°»-20n» 

20m_30m 

30m4om 

40in50m6om60m 

TotaL 

1—  8 

1 

1 

1 

3 

8—  9 

1 

1 

3 

1 

0 

1 

7 

9—10 

0 

0 

1 

1 

1 

2 

5 

10—11 

4 

0 

4 

3 

2 

5 

18 

11—12 

8 

12 

4 

6 

6 

3 

39 

12—  1 

10 

6 

4 

6 

8 

26 

59 

1—  2 

6 

18 

6 

8 

12 

17 

67 

2—  3 

11 

10 

26 

32 

37 

20 

136 

3—  4 

24 

44 

23 

56 

21 

14 

181 

4—  6 

22 

30 

28 

35 

34 

18 

167 

5—  tt 

25 

31 

20 

16 

22 

20 

134 

6—  7 

7 

30 

4 

14 

Total  in 

11  hour 

8. 

830 

The  observations  were  made  by  three  parties,  each  watching 
for  two  successive  hours.  Messrs.  Byers,  Crozier,  Stone,  Con- 
nell  and  Williston  watched  from  7i**  to  9^  and  from  1^  to  3^. 

A  second  party,  consisting  of  Messrs.  Vanwarts,  Cliif,  Wort- 
man,  Belyea,  and  Lawrence,  watched  from  9**  to  11**  and  from 
8^  to  5^ ,  and  a  third  party  consisting  of  Messrs.  Willbur,  Sco- 
vil,  Chandler  and  Walker  watched  from  11^  to  1^  and  fix^m  6^ 
to  6^^.  Only  four  persons  were,  however,  observing  at  any 
one  time. 

7.  In  Bngland, — ^The  clouds  prevented  observations  for  most 
of  the  time  in  Great  Britain.     At  Glasgow,  Mr.  A.  S.  Herschel 
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and  Mr.  Robert  McClure  had  a  tolerably  clear  sky  fix)m  half 
past  4  till  half  past  6. 

"  Meteors  of  tne  brightest  class  of  the  November  shower,  hav- 
ing luminous  streaks,  were  crossing  the  sky  at  the  rate  of  about 
40  in  an  hour,  for  one  observer,  corresponding  to  a  rate  of  fre- 
quency of  at  least  one  hundred  per  hour,  in  all  the  sky.  The 
apparent  paths  of  thirty  of  these  meteors  were  recordea  upon  a 
map,  by  tneir  course  among  the  stars,  and  the  direction  of  their 
flignt  was  from  the  usual  radiant  point  in  the  constellation 
liCO.  *  *  *  * 

"  A  clear  view  of  the  sky  was  again  obtained  towards  eleven 
o'clock  on  Sunday  night,  when  a  single  shooting  star,  passing 
from  Gemini  to  Taurus,  and  leaving  a  faint  streak,  appeared  to 
be  the  last  visible  representative  of  the  November  meteora  Al- 
though the  sky  continued  clear,  and  an  attentive  watch  was  kept 
for  nearly  three  hours  afterwards,  no  other  meteor  could  be  seen. 
The  purely  negative  character  of  this  result  adds  a  fresh  proof 
to  the  evidence  obtained  in  former  years  of  the  definite  bounda- 
ries and  narrow  limits  between  which  the  stream  of  the  Novem- 
ber meteors  is  confined." 

Observations  at  Greenwich  and  at  most  other  places  in  Eng- 
land were  not  successful  on  the  morning  of  the  l4th. 

At  OuHoden,  Mr.  A.  Forbes  counted  upwards  of  200  between 
the  hours  of  8**  and  7^^  a.  m.,  the  maximum  of  the  shower 
appearing  to  be  about  5  o'clock. 

8.  In  rVance^  the  **  Association  Scientifique"  organized  a  sys- 
tem of  observations,  at  various  stations  near  the  Mediterranean, 
embracing  even  one  or  two  in  Italy.  The  results  were  to  be  re- 
ported and  discussed  at  sessions  to  be  held  in  the  latter  part  of 
the  month  of  November,  at  Marseilles  and  Bordeaux.  We  have 
not  learned  what  success  rewarded  the  zeal  of  the  French  ob- 
servers. 

9.  At  Paris. — Mr.  Chapelas  reports  to  the  French  Academy 
of  Sciences,  that  notwithstandmg  unfavorable  weather  and 
moonlight,  "  observations  conscientiouslj^  made,  give  us  for  the 
mean  hourly  number  reduced  to  midnight  and  to  clear  sky, 
and  corrected  for  the  influence  of  the  moon,  for  the  night  of 
Nov.  12th,  6-8  meteors;  for  the  night  of  Nov.  18th,  24-8 
meteors." 

He  says  that  the  observations  for  the  preceding  nights  gave 
steadily,  a  smaller  hourly  number  than  the  mean  for  that  period 
of  the  year,  which  is,  according  to  him,  18 '6. 

Mr.  Chapelas,  as  usual,  does  not  say  how  many  meteors  he 
saw,  nor  how  long  he  observed,  nor  how  large  a  correction  he 
applies  for  cloudiness,  nor  what  for  moonlight,  nor  what  to 
reauce  to  midnight  We  are  not  aware,  even  that  he  has  pub- 
lished rules  or  constants  for  such  reduction.  His  observations 
might  perhaps  have  some  value,  if  we  knew  what  they  were. 


Digitized  by  VjOOQ  IC 


248        R  A.  Newton  on  the  Meteors  of  November,  1869. 

They  could  then  be  criticized,  and  compared  with  those  of 
other  observers.  K  found  to  have  been  carefully  made  thev 
would  be  valuable  to  scienca  But  as  now  given  to  the  worla, 
the  observations  of  Mr.  Coulvier-Gravier  and  Mr.  Chapelas  are 
inextricably  mixed  up  with  their  deductions.  The  manifest 
errors  of  the  latter  taint  the  whole,  and  make  it  necessary  to 
throw  them  all  away.  The  French  Academy  of  Sciences  pub- 
lishes his  reports,  and  we  respectfully  call  its  attention  to  the 
matter. 

10.  At  Vienna. — ^Prof  Weiss  of  the  Observatory  of  Vienna, 
with  three  aids,  determined  36  paths  with  the  meteorosoope 
between  2^  and  6\  A.  M.,  of  the  13th  (Prof  Schmidt  in  ^eis 
WochenschriA  Dea  8th).  Some  of  them  were  from  the  Leo 
radiant     The  total  number  visible  was  verv  moderate. 

The  next  night  was  stormy,  and  for  an  interval  of  10  minutes 
only  at  4**,  A.  M.,  could  anything  be  seen.  A  few  stars  of  Leo, 
Gemini  and  Auriga  were  then  visible  through  openings  in  the 
clouds,  and  along  with  them,  though  principally  seen  through 
haze,  were  some  meteor  tracks,  havmg  trains  and  radiating 
from  Leo.  Prof  Schmidt  estimated  that  the  hourly  number 
for  one  observer  was  about  50,  reckoning  only  the  brighter 
meteors,  and  considered  the  display  not  greatly  different  from 
that  seen  by  him  at  Athens  in  1863. 

At  Munster  and  elsewhere  in  northern  Germany  the  sky 
appeai-s  to  have  been  overcast 

11.  At  Rome, — ^The  cloudy  skies  which  covered  northern 
Europe  on  the  night  of  the  13th,  14th,  also  impaired  the 
Italian  observations.  Padre  Secchi  reports  a  few,  though 
incomplete,  from  Rome. 

At  2*>  30*"  A.  M.  the  clouds  broke  away  in  the  west  and  in 
five  minutes  18  meteors  were  seen.  At  2^  35"  the  sky  was 
nearly  clear  except  low  in  the  northeast,  and  a  regular  count 
was  begun. 

From  2»»  35"  to  2^  40",  29  meteors  were  seen ;  from  2**  40'» 
2h  48",  41;  from  2^  48°»to  S**  0°»,  73;  from  3**  0»to  3**  15°^  40. 
At  3^  18™  it  became  again  overcast  The  whole  number  in  40 
minutes  was  183,  of  which  5  were  unconformable  He  omits 
to  state  the  number  of  observers.     Padre  Secchi  concludes : 

1st  That  there  was  a  real  recurrence  of  the  display. 

2d.  That  it  was  but  little  different  from  the  display  last  year, 
there  having  been  then  seen  in  the  same  interval  about  200 
meterors.     The  hour  moreover  was  not  that  of  the  maximum. 

3d.  That  the  radiant  point  was  within  the  bend  of  the  sickle 
in  Leo,  and  made  with  the  stars  «  and  f*  an  equilateral  triangle. 
But  this  determination  was  not  very  precise  owing  to  the  want 
of  tracks  near  the  radiant 

4th.  That  the  greater  part  of  the  meteors  passed  to  the  north 
of  the  radiant 
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It  was  farther  remarked  that  the  trains  were  visible  only  a 
few  seconds,  and  that  there  were  none  of  the  beautiful  scrolls 
of  smoke  which  were  seen  last  year. 

Madame  Scarpellini  gives  in  her  Corrispondenza  Scientifica 
accounts  of  observations  at  Rome  by  herself,  (with  negative 
results)  and  the  following  from  Perugia  and  Civita  Vecchia. 

12.  At  Oivita  Vecchia. — ^Prof.  Pinelli  reports  to  Madame  Scar- 
pellini the  following  observations  from  Civita  Vecchia. 

Nov.  12th-18th.  Between  lO*"  30™,  p.  m.,  and  l^  a.  m.,  4 
meteors  seen  of  1st  magn.,  6  of  2d  magn.,  and  8  of  the  third. 
Only  a  few  clouda 

Nov.  18th-14th.  Between  11**  80™  and  2''  85™,  54  meteors  seen. 
Very  cloudy  and  finally  overcast. 

Nov.  14th-15th.     Up  to  1^  20"»,  A.  M.,  only  16  meteors  seen. 

13.  At  Perugia.— On  the  morning  of  the  18th  from  12*'  to  6S 
A.  M.,  Prof  Bellucci  counted  the  following  numbers  in  the  several 
hours;  viz.,  26,  22,  26,  28,  24,  and  17.     In  all  138  in  six  hours. 

On  the  next  night  in  successive  hours  from  6^,  P.  M.,  till  4'*, 
A  M.,  he  saw  8,  1,  0,  2,  1,  2,  0,  39,  190,  246.  During  the  next 
half  hour  71  were  seen,  making  555  in  alL  From  4^  80™  it 
was  overcast 

14.  At  Velletn. — Prof  D.  Ignazio  GaUi,  of  the  Municipal  Ob- 
servatory at  Velletri,  watched  during  the  two  nights  of  the 
12th  and  14th  of  November.     (Bull  Met.  Rom.\ 

On  the  first  night,  two  observers,  With  a  clear  sky,  in  five 
hours,  from  12*^45"  till  5^45",  saw  71  meteors.  The  distribu- 
tion through  the  five  hours  was  as  follows  : 


From  12"  45" 

to  1"  46" 

2  conf , 

9  xinconf 

"      1"  46'°, 

"  2"  45", 

5     " 

7      " 

"      2"  45", 

"  8"  46" 

8     " 

6      " 

"      8"  45°", 

"  4"  45", 

7    " 

7      " 

a        4h  45«^ 

"  5"  45" 

11     " 

9      " 

On  the  second  night  they  were  able  to  see  only  through 
openings  in  the  clouds.  There  were  three  or  four  observers, 
enough  to  ftiUy  command  the  whole  of  the  visible  portions  of 
the  sky.     The  results  were  as  follows : 


Meteors  seen. 

Portion  of 

Total  computed 

Time. 

Conf.       Unconf. 

akr  Tisible. 

fwdeweky. 

1*  0"     1"  15- 

50              1 

0-2 

255 

1     15     1     80 

48              1 

0-2 

245 

2      0    2    16 

41              6 

0.4 

117 

2    15    2    80 

81           7 

0-8 

126 

2    SO    2    46 

48           4 

0-4 

117 

2    45    8      0 

62           8 

0-5 

140 

3      0    8    15 

17           4 

0-2 

106 

Total  in  1"  46", 

292          81 
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The  meteors  of  this  second  morning  were  much  finer  than 
those  of  the  preceding  morning.  The  sporadic  meteors  of  each 
night  appeared  to  radiate  from  AurigL 

15.  From  Moncalieri — ^Director  F.  Denza  reports  in  Les 
MondeSj  for  four  observers  : 


Night  of  the  12th  of  Nov.  from  ]4»»          to 

17h 

145  meteors. 

"         13th          "               9 

17 

720      " 

»          14th          "              14l»10m 

17b  lOm 

99      " 

These  numbers  need  to  be  increased,  as  their  nrincipal  object 
was  to  determine  the  position  of  the  tracks  ana  the  instant  of 
appearance  of  the  meteors. 

On  the  night  of  the  13th,  14th,  there  were  seen  : 

At  Alexandria  bj  4  observers  from    9b  45°^    to    16^  46™,        168  meteors, 
AtAosta,  1  "  14b  30in  igh  189       " 

AtVaraUo,  1  "  13«»  25™  16^  26™  121       " 

Prof  Denza  adds  that  "  the  meteoric  shower  of  Nov.  1869, 
differs  little  from  that  of  August,  and  in  some  places  was  even 
inferior  to  it" 

16.  At  Port  Said,  Egypt — ^In  the  Monthly  Notices  for  Dea  are 
some  observations  of  Gr.  L.  Tupman,  Esq.,  at  that  place.  On 
the  mornings  previous  to  that  of  the  13th,  he  detected  some 
tendency  to  radiation  from  Leo.  On  that  morning,  of  thirteen 
meteors,  four  were  conformable. 

On  the  morning  of  the  14th  from  12*^  80°»  to  IS"*  15"»  only 
two  meteors  were  seen,  neither  conformabla  There  was  a 
pretty  large  patch  of  clear  sky  overhead. 

"  The  watch  was  resumed  at  14^  80",  the  sky  being  then 
partly  clear  in  patches,  and  continued  until  a  quarter  past  5, 
long  before  which  the  shower  had  entirely  ceased.  At  2**  80" 
it  was  at  its  height,  most  of  the  meteors  being  remarkably  bril- 
liant, and  many  of  them  tinted  green.  The  greater  part  left 
bright  streaks,  which  often  remained  visible  a  considerable 
time.  The  duration  of  the  meteors  or  their  'time  of  flight' 
was  considered  to  be  less  than  half  a  second — ^too  short  a  time 
to  estimate  even  roughly. 

"The  following  are  the  observations  Being  unassisted,  I 
stopped  at  e\  ery  sixteenth  to  make  the  necessary  entries. 

"if  the  numbers  in  the  table  be  reduced  to  an  uniform 
interval  of  time  and  then  multiplied  by  the  cosecant  of  the  alti- 
tude of  the  radiant,  it  will  be  seen  that  between  14''  80"  and 
16**  24"  the  numbers  were  nearly  uniform,  and  slightly  decreas- 
ing. The  maximum,  then,  was  either  before  or  about  14**  80" ; 
but  the  centfn-  of  the  dense  part  must  have  been  passed  about 
15  hours,  as  there  was  no  sign  of  the  shower  at  18''  15". 
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Meteors  observed  at  Port  Said^  Nov.  \Z1hy  Alexcmdria  mean  time. 


From 
h          m 
10     40-0 

To 
h          m 
13      15-0 

No.  of 
Meteors. 

0 

Elevation  of 
the  Radiant. 

16 

14     30-0 

14 

40-0 

16 

36 

14     620 

15 

2-6 

16 

40 

15       8-0 

15 

19-7 

16 

43 

16     24-0 

16 

33-6 

16 

46 

15     38-5 

16 

52-6 

16 

60 

16     690 

16 

7-4 

16 

64 

16     120 

16 

24-0 

16 

57 

16     26-0 

16 

38-0 

6* 

60 

16     40-0 

16 

62-0 

7 

63 

16     54-0 

17 

14-0 

4 

67 

•  Seven  other  meteors  were  observed,  but  they  did  not  radiate 
torn  Leo. 

From  11  orbits  he  determined  «=151*^*0,  ^=21°*5,  measured 
from  the  equinox  of  1869.  No  single  point  satisfied  all  the 
paths  that  were  observed. 

The  conclusions  of  Mr.  Tupman  respecting  the  closing  of 
the  shower  are  of  course  set  aside  by  the  observations  in  Italy 
and  England  by  those  of  Fredericton  and  Santa  Barbara. 

17.  The  duration  of  the  whole  shower  was  at  least  twelve 
hour8,and  it  appears  to  have  been  somewhat  fitful  in  its  inten- 
sity. Perhaps  the  apparent  fitfulness  may  be  due  to  the  clouds, 
though  we  think  that  that  is  not  the  only  reason. 

Thus  after  the  time  named  by  Mr.  Tupman  we  have  an  in- 
creasing display  shown  by  Prof  BeUucci's  numbers.  At  Cul- 
loden  the  report  seems  to  carry  this  display  on  two  hours  longer. 
The  numbers  seen  at  Fredericton  and  oanta  Barbara  show  a 
tolerablv  uniform  continuance  for  several  hours  longer.  There 
was  httie  trace  of  the  display  on  the  next  morning. 


SCIENTIFIC    INTELLIGENCE. 

L    PHYSICS  AND   CHEMISTRY. 

1.  On  Amrrhonia-chromiunh  bases, — Cleve  has  communicated 
to  the  Royal  Swedish  Academy  of  Sciences  a  memoir  on  the  ammo- 
nia-chromium bases,  which,  though  of  not  very  recent  date,  has  not, 
we  believe,  been  noticed  either  in  German  or  in  English  journals. 
The  author  sets  out  with  the  chlorid  discovered  by  Fremy  and 
investigated  to  some  extent  by  himself  in  a  previous  memoir.  To 
this  he  gives  the  formula,  Cr^Clj,  4NH3,  2H0,  and  the  name  tetra- 
min  chrom-chlorid*    It  will  be  sufficient  for  our  purpose  to  give 

*  During  this  observation  it  was  more  cloudy  than  before,  but  during  the  two 
fo&owing  ones  it  was  mudi  clearer. 
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the  formulas  of  the  various  compounds  with  a  general  account  of 
their  properties.  The  formulas  of  the  salts  described  by  C16ve 
belonging  to  the  tetramin  series  are  as  follows : 

Chlorid,  CrgClj,  4NH„  2H0. 

Chlorplatmate,  CrgClj,  4NH8,  2HO+2PtClg. 

Chlorhydrargyrate,  CrgCls,  4NH3,  2HO+6HgCl. 

Chlorobromid,  Cr,ClBr„  4NH3,  2HO. 

Bromid,  Cr^Brg,  4NH3,  2HO. 

Bromochlorid,  CrgBrCl,,  4NH3,  2H0. 

Chloro-iodid,  CrgCUg,  4NH3,  2H0. 

lodid,  Crglj,  4NH3,  2H0. 

Chlorosulphate,  CrjClOg,  4NH32SO3,  2H0. 

Bromosulphate,  Cr,BrOg,  4NH32SO3,  2H0. 

Chlorochromate,  CrgClO^,  4NH32Cr03,  jcHO. 

Chloronitrate,  Cr,C10„  4NHj,  2N06,  2H0. 

All  these  salts  are  crystalline  and  easily  soluble  in  water.  They 
have  a  carmine  red  or  garnet  red  color  and  their  solutions  are 
easily  decomposed  on  heating,  with  separation  of  chromic  oxyd 
and  evolution  of  ammonia.  'Die  author  calls  attention  to  the  very 
noteworthy  fact  that  they  all  contain  2  atoms  of  water  (in  the  old 
notation). 

The  second  series  of  compounds  described  are  the  salts  of  hepta- 
min-dichromium. 

The  formulas  of  the  only  observed  members  of  this  series  are  as 
follows : 

Double  nitrate,    2(Crg03,  ^^Oj),  7NH3+NH^O,  N0j-|-9HO. 
Oxalo-nitrate,       2(Cr,C3,  NO^,  (CgOj),),  7NH3+6HO. 

The  salts  of  the  triamin  series  are  as  follows : 
Oxalate,  Crg03,  3C,0j,  3NH3,  3H0. 

Double  oxalate,  2(CrgOj,  SCgO^,  3NH3)+NH^O,  2C3O3, 
n04-3HO. 

The  salts  of  the  heptamin  and  triamin  series  resemble  those 
of  the  tetramin  series  so  closely  as  not  to  require  special  descrip- 
tion. The  nitrate  of  the  heptamin  series  is  obtained  by  the 
action  of  nitrate  of  silver  upon  the  chlorid  of  tetramin-chromium. 
The  oxalate  of  the  triamin  series  is  obtained  by  the  action  of 
oxalic  acid  upon  the  same  chlorid.  Besides  these  three  series  the 
author  descnbes  the  following  salts,  which  may  obviously  be 
regarded  as  members  of  other  and  analogous  groups. 

Or.Oj,  NO5,  2NH3  +  3HO. 
CrgOj,  C3O3,  NH,+8H0. 
2(0303),  SO,,  2NH3+24nO. 
It  is,  however,  very  doubtful  whether  these  three  substances  were 
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obtained  in  a  state  <rf  purity,  as  they  were  all  amorphous  and  could 
not  be  obtained  crystallized. — Kongliga  Svenska  Vetenskaps- 
Akctdemiens  HandimgaT^  Ny  Fdljd^  1866,  1  vol,  2d  half. 

w.  G. 
[Note, — ^The  compounds  described  by  Cleve  are  of  especial 
interest  when  considered  from  an  atomistic  point  of  view.  The 
formulas  of  the  triamin  and  tetramin  series  are  of  course  to  be 
doubled  and  we  should  then  have  for  the  three  chlorids  the  empiri- 
cal formulas 

BNHj,  CrgCl,         Hexamin-chromium  chlorid. 
7NH3,  -GrjClj        Heptamin-chromium  chlorid. 
8NHj,  -CJrjCl,        Octamin-chromium  chlorid. 

Adopting  Blomstrand's  view  of  the  constitution  of  the  analogous 
platinum  and  cobalt  compounds,  these  three  bodies  may  be  written 
as  follows: 

-NH3-CI 
-NH3-CI 


<^. 


r-NH,-a 

-NH.-CP 

[-NH,-Cl 


€r. 


-NH.-Cl 
-NH.-a 

-NH3-CI  ^;* 

-NH.-NH.-Ol,    ^'» 

.NH3-CI 

-NH3-CI 


-NH3-NH3-CI' 

-NH3-CI 

-NH3-CI 


Cleve  suggests  that  the  heptamin  series  may  be  only  double  salts 
of  his  tetramin  and  triamin  compounds,  and  in  view  of  the 
unsymmetrical  structure  of  the  chlorid  this  seems  at  least  probable. 
It  is  also  to  be  borne  in  mind  that  the  want  of  symmetry  is  only 
seen  if  we  adopt  Blomstrand's  theoretical  views,  and  does  not  appear 
when  the  ammonia  bases  are  formulated  according  to  the  principles 
of  variable  atomicity  supported  by  the  writer.*  The  invariable 
occurrence  of  two  atoms  of  water  in  all  the  octamin  compounds 
is  difficult  to  explain  upon  any  theory. — w.  G.l 

2.  On  some  new  sulphur  salts, — Sc^bidbb  nas  described  some 
new  sulphur  salts  belonging  to  the  same  class  with  those  which  we 
have  already  noticed.  Potassio-platinous  sulpho-platinate  is  easily 
obtained  bjr  fusing  1  or  2  parts  of  platinum  sponge  with  6  parts  of 
pure  potassic  car^nate  and  six  parts  of  sulphur,  and  treatmg  the 
cooled  mass  with  water.    The  author  gives  to  this  salt  the  formula : 

K,S,Pt"S,Pt"S,  J^Pf'S, 
and  points  oat  its  analogy  to  a  copper  salt  described  in  a  previoiM 
paper.  The  new  compound  forms  small,  hard,  sharp  and  distinctly 
formed,  sixHsided  tabfes  of  a  bine  gray  color  and  strong  metallio 
luster.  The  larger  tables  have  a  lidcush  tint  and  in  tmn  layers 
are  translucent  with  a  red  brown  color.  The  density  of  the  salt 
is  6*44.  Dilute  chlorhydric  acid  slowly  dissolves  out  the  potassium 
without  the  slightest  evolution  of  sulphuretted  hydrc^en,  the  final 
product  of  the  reaction  being  sesqui-snlphid  of  platinum  Pt^S,  or 
platinous  sulpho  platinate  P&,  I^g.    This  is  a  steel  gray  crystal- 

*  Hub  Joomalf  voL  zBz,  p.  108. 
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line  powder  of  density  6-62,  which  when  heated  in  the  air  boms 
like  tinder  and  leaves  pure  sponsy  platinum.  Sodio-platinous  sul- 
pho-platinate  has  a  precisely  an^Hogous  formula,  sodium  replacing 
potassium.  It  is  a  crystalline  powder  of  density  6 '27  and  with  a 
color  between  blue-gray  and  reddish  lead-gray.  A  re-examination 
of  the  compound  containing  tin,  platinum,  potassium  and  sulphur, 
describe^  in  his  previous  paper,  has  led  Schneider  to  the  conclusion 
that  this  body  contains  no  oxygen,  and  that  its  true  formula  is 

K,S,  Pt"S,  Pt"S,  Pt"S  )^Sn»-S„ 
in  which  the  quadrivalent  platinum  is  replaced  by  quadrivalent 
tin.     In  addition  to  the  sodium  salt  corresponding  to  the  compound 
last  formulated,  Schneider  describes  a  disodium  salt  which  has  the 
formula  Na.S,  Na,S,  Pt"S,  Pt"s  j^Pt^^S^. 

When  freshly  prepared,  this  salt  forms  thin  brilliant  light  copper  red 
needles.  It  rapidly  changes  color  in  the  air  and  becomes  brown 
and  finally  almost  black.  Water  dissolves  it  with  partial  decom- 
position, leaving  a  dark  red  crystalline  powder  of  bisulphid  of  pla- 
tinum. Schneider  obtained  by  double  decomposition  silver  and 
thallium  salts  corresponding  to  the  disodium  compound. — Pogg. 
Ann,,  cxxxviii,  604.  w.  g. 

3.  Synthesis  of  Hydroxylamin, — By  the  action  of  tin  and  chlor- 
hydric  acid  upon  ethylic  nitrate  Lossen  obtained  the  chlorhydrate 
of  a  new  base,  NH^O,  which  he  termed  hydroxylamin.  Ludwig 
and  Hein  have  succeeded  in  preparing  this  body  by  the  direct 
addition  of  nascent  hydrogen  to  nitric  oxyd,  expressing  the  reaction 
by  the  equation :  NO+HaZzNH.O, 

which  is  more  correctly  written  2N  04-3H3=r2NH30.  The  nitric 
oxyd  was  prepared  by  the  action  of  nitric  acid  upon  ferrous  sul- 
phate and  collected  in  a  glass  gasholder  from  which  it  was  made 
to  pass  through  a  series  of  flasks  containing  tin  and  boiling  chlor- 
hyaric  acid.  After  separating  the  tin  and  ammonic  chlorid  the 
chlorhydrate  of  hydroxylamin  was  obtained  with  all  the  properties 
described  by  Lossen. — BericJUe  der  Deutschen  Chem,  OeseU^hqft^ 
2ter  Jahrgang^  p.  671.  w.  g. 

4,  On  a  new  group  of  double  chloride  belonging  to  theplcUinum 
bases, — By  adding  solutions  of  various  metallic  chlorids  strongly 
acidulated  with  chlorhydric  acid  to  a  solution  of  the  chlorid  of 
Reiset's  first  base,  PtCfl,  2NH3  or  4NH3,  PtCl,,  PtCl^,  Buckton 
obtained  a  series  of  double  chlorids  embraced  by  the  general  form- 
ula 4NH3,  PtCL,  PtClg.  Thomson  has  found  that  a  second  series 
of  double  chlorias  of  the  same  quantitative  constitution  but  with 
wholly  different  properties  is  obtained  by  adding  an  ammoniacal 
solution  of  a  metallic  salt  as  copper,  silver,  nickel,  4&c.,  to  a  solution 
of  double  chlorid  of  platinum  and  ammonium,  PtCL,  2NH^CL 
The  new  salts  are  crystalline  and  vary  in  color  according  to  the 
metal  used ;  they  are  insoluble  or  with  difficulty  soluble  m  water 
and  ammonia,  but  dissolve  rather  easily  in  dilute  chlorhydric  acid 
and  are  precipitated  from  this  solution  by  ammonia.  iBuckton's 
salts  are  soluble  in  water  and  insoluble  in  chlorhydric  acid. 

w.  G. 
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6.  A  ^stem  of  instruction  in  Quantitative  Chemical  Analysis: 
by  Dr.  C.  R.  Fbesenius,  from  the  last  English  and  German  edi- 
tions, edited  by  Prof.  S.  W.  Johnson  of  Yale  College.  8vo,  pp. 
631.  New  York:  (John  Wiley  &  Son).  1870. — In  explanation  of 
the  alterations  made  in  this  American  edition  we  quote  the  follow- 
ing from  Prof  Johnson's  preface. 

"  In  preparing  this  edition  of  Fresenius'  Quantitative  Chemical 
Analysis,  the  editor  has  sought  by  various  changes  to  adapt  it  to 
the  wants  of  the  American  student. 

The  foreign  editions  have  attained  such  encyclopedic  dimensions 
as  to  occasion  the  beginner  no  little  confusion  and  embarrassment. 
For  this  reason  the  bulk  of  the  work  has  been  considerably  re- 
duced. A  few  processes  which  the  editor's  experience  has  con- 
vinced him  are  untrustworthy,  and  many  more  that  can  well  be 
spared  because  they  are  tedious  or  unnecessary,  have  been  omit- 
ted. 

The  section  on  Organic  Analysis  has  been  reduced  from  sixty  to 
thirty  pages,  mainly  by  the  omission  of  processes  which  from  their 
antiquity  or  inferiority  are  more  curious  than  useful  The  chap- 
ters on  Acidimetry  and  Alkalimetry  have  been  likewise  greatly 
condensed,  and  all  that  especially  relates  to  Soils  and  Ashes  of 
Plants  has  been  lefl  out.  The  recent  appearance  of  an  excellent 
special  treatise  on  **  Agricultural  Chemical  Analysis  "  by  Profes- 
sor Caldwell,  of  Cornell  University,  justifies  the  last  named  omis- 
sion. 

On  the  other  hand,  some  important  matter  has  been  added. 
Bunsen's  invaluable  new  methods  of  treating  precipitates  are  de- 
scribed in  his  own  (translated)  words.  Various  new  methods  of 
estimation  and  separation  are  incorporated  in  their  proper  places. 

The  additions  wnich  have  been  made  to  the  methods  of  examin- 
ing ores,  it  is  believed,  adapt  the  work  to  meet  all  the  ordinary 
requirements  of  the  metallurgical  and  mining  student. " 

The  editor  acknowledges  his  indebtedness  to  Dr.  Wolcott  Gibbs, 
Dr.  J.  Lawrence  Smith,  Mr.  O.  D.  Allen  and  others  for  important 
contributions  and  descriptions  of  new  methods.  We  are  confident 
that  this  excellent  wort  will  be  of  great  service  in  advancing 
the  study  of  analytical  chemistry  in  this  country,  and  that  its 
publication  will  be  welcomed  by  all  teachei's  and  students  of  quan- 
titative chemical  analysis. 

6.  Effects  of  the  Sun^s  Heat  on  a  Sand  Sill. — Extract  from  a  let- 
ter of  Geo.  Davidson,  Esq.,  of  the  Coast  Survey,  dated  U.  S.  Coast 
Sur^^ey  Station,  San  Buenaventura,  Cal,  January  23d,  1870,  (com- 
municated for  this  Journal,  by  Mr.  D.  B.  Smith,  of  Germantown, 
Pa.) — I  have  had  a  very  curious  experience  at  this  station.  It  is 
on  the  edge  of  a  Randy,  steep  bluff,  seventy  feet  above  the  low  flat 
margin  that  extends  300  yards  to  the  sea  beach.     At  the  station, 

I  haS  an  1 8  inch  theodolite,  with  three  reading  microscopes,  and 
was  engaged  in  determining  the  azimuth  of  the  principal  lines  of 
the  trianffulation  from  the  station  San  Buenaventura.  This  in- 
volved observations  from  sunrise  to  10  a.  m.,  and  from  3^  p.  m.  to 

II  p.  M.     Imagine  my  surprise  when  I  found  that  the  heat  of  the 
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san  poaring  all  the  p.  m.  upon  the  southwest  face  of  this  bluff  so 
expanded  it  that  the  level  showed  changes  as  great  as  46" !  Then 
in  the  evening  contraction  began,  and  continued  until  the  level  at 
sunrise  exhibited  changes  of  46"  the  other  way.  Here  teas  a 
change  of  V  30"  certairuy  due  to  changes  of  temperature  ;  our  low- 
est temperature  was  about  40**;  our  greatest  about  79*  in  the 
shade,  sav  100°  in  the  sun. 

But  this  is  not  all :  I  was  dismayed  to  find  that  in  cooling  du- 
ring the  evening,  the  tongue  of  the  bluif  upon  which  the  station  is 
situated,  twisted  irregidarly  in  azimuth  as  much  as  18"  in  three 
hours.  This,  of  course,  vitiated  all  ray  results,  and  I  continued  a 
full  series  simply  as  an  experiment,  for  I  could  not  change  my  posi- 
tion for  an  eccentric  one  without  many  drawbacks.  I  did  change 
my  latitude  instrument  and  transit  from  their  positions  near  the 
station,  and  where  the  same  phenomena  were  exhibited  by  them« 
At  102  yards  from  the  edge  of  the  bluif  they  are  as  steady  as  a 
rock,  and  I  have  nothing  out  the  excessive  undulations  of  the 
heated  air  to  contend  with. 

7.  On  the  existence  of  Ammonium  in  the  Ammoniacal  AmcUr 
aam^  and  on  a  new  Test  for  the  presence  of  Nascent  Hydrogen  ' 
Dy  Ai^BERT  H,  Gallatin,  M.  D.,  of  New  York. — Berzelius  and 
De  Pontin  in  1808,  usinff  the  voltaic  current  as  Davy  had  done, 
endeavored  to  do  as  mncn  for  the  ammoniacal  compounds  as  he 
had  done  for  those  of  the  fixed  alkalies.  They  made  what  is  known 
as  the  ammoniacal  amalgam.  That  ammonium  exists  in  this  body 
has  never  been  demonstrated,  notwithstanding  that  its  constituents 
in  their  proper  proportions  were  always  found  escaping  from  the 
amalgam :  that  does  not  prove  thea  they  were  united ;  on  the  con- 
trary, 2  vols,  of  NH3  and  1  voL  of  H  are  the  products.  Moreover, 
if  it  were  ammonium,  it  had  never  been  maae  to  unite  with  anv 
other  metal  than  mercury.  I  have  endeavored  to  overcome  both 
of  these  objections. 

If  the  hydrogen  escaping  from  the  mercury  tocher  with  the 
ammonia  can  t^  shown  to  oe  in  the  nascent  state,  it  would  be  evi- 
dence that  it  had  just  been  in  chemical  combination  with  the 
ammonia,  in  other  words,  that  metallic  ammonium  (NH4)  existed 
in  the  amalgam.  Some  pellets  of  sodium  were  placed  in  contact 
with  some  particles  of  the  transparent  variety  of  phosphorus, 
wrapped  in  bibulous  paper  and  plunged  beneath  the  sonace  of 
water.  A  red  glow  was  seen;  and  the  nascent  hydrogen  from 
the  decomposing  water  came  into  contact  with  the  phosphorus, 
babbles  or  phosphid  of  hydrogen  were  formed.  Occasionally  one 
would  flame  as  it  came  into  contact  with  the  atmosphere,  placing 
the  nature  of  the  reaction  beyond  doubt.    As  phosphid  of  hydro- 

fen  cannot  be  formed  by  direct  synthesis  if  ordmary  free  hydrogen 
e  employed,  this  becomes  a  test  for  the  presence  of  that  gas  in 
its  nascent  state.  The  hydrogen  escaping  from  the  ammoniacal 
amalgam  was  now  tested  by  this  process.  A  sodium-amalgam 
dipp^  beneath  a  solution  of  cblorid  of  ammonium  was  employed ; 
and  it  became  necessarv  to  wait  until  the  sodium  was  exhausted, 
that  results  might  not  De  vitiated  by  the  nascent  hydrogen  esoap- 
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ing  from  the  water.  At  the  proper  time  the  decomposing  amal- 
gam was  covered  with  fragments  of  transparent  phosphorus,  when 
many  babbles  of  inflammable  phosphid  were  obtained*  The 
hydrogen  must  then  have  been  in  the  nascent  state  and  just  escap- 
ing from  the  ammonium. — Phil,  Mag,^  xxxviii,  67. 

8.  Ofi  the  Existence  of  an  Alloy  of  Ammonium  and  JBismtUh^ 
and  on  another  new  Test  for  the  presence  of  Nascent  Hydrogen: 
by  Albebt  H.  Gallatin,  M.  D.,  of  New  Yort — ^Anmionium  had 
never  yet  been  seen  united  with  any  other  metal  than  mercury. 
Mercury  being  the  only  metal  fluid  at  ordinary  temperatures,  should 
another  alloy  be  formed  it  would  be  solid.  Some  bismuth  was 
melted  in  a' porcelain  dish  and  alloyed  with  sodium  by  dropping  a 
piece  of  that  metal  on  the  clear  surface  of  the  fluid  bismuth. 
Chlorid  of  ammonium  was  then  dusted  on  the  fluid  alloy,  and  then 
water  added  in  a  fine  quick  stream.  The  bismuth  swells,  appears 
pasty  and  porous,  and  then  congeals.  Abundance  of  hyarogen 
escapes  from  the  water,  and  the  ammoniacal  odor  is  set  free.  This 
body  must  now  be  dried.  If  it  be  placed  near  the  ear  a  distinct 
crackling  noise  will  be  heard,  a  phenomenon  which  endures  for 
some  days.  To  ascertain  if  this  be  ammonium  escaping  from  the 
bismuth,  the  body  was  placed  beneath  the  surface  ol  water,  when 
bubbles  of  hydrogen  escaped,  easily  to  be  collected  and  recognized; 
the  ammonia,  if  any,  must  have  been  absorbed  by  the  water.  To 
test  for  this  red  litmus-paper  was  placed  in  the  liquid.  Wherever 
the  currents  from  the  bismuth  struck  it  a  blue  spot  became  visible. 
On  dissolving  sulphate  of  copper  in  distilled  water  and  placing 
the  well-dried  bismuth  therein,  the  characteristic  flocculi  of  ammo- 
nio-sulphate  of  copper  appeared  at  once. 

It  remains  to  show  that  the  hydrogen  escaping  is  in  the  nascent 
state.  There  was  not  enough  of  it  to  test  with  phosphorus.  The 
bismuth  compound,  when  placed  in  a  solution  of  sulphate  of  cop- 
per, becomes  rapidly  coated  with  metallic  copper.  Now  bismuth 
unalloyed  will  not  precipitate  copper  from  its  sulphate.  To  test  if 
the  precipitation  oi  the  metallic  copper  was  due  to  the  presence  of 
nascent  hydrogen,  an  alloy  of  bismuth  and  sodium  was  made  and 
dipped  in  a  solution  of  sulphate  of  copper.  It  instantly  became 
coated  with  that  metal,  owmg  to  the  nascent  hydrogen  escaping 
from  the  water.  The  hydrogen  was  therefore  escaping  in  the  nas- 
cent state  frx>m  the  bismuth  and  ammonia,  and  therefore  it  was  a 
true  alloy  of  bismuth  and  ammonium.  If  the  temperature  of  this 
alloy  be  raised,  it  will  rapidly  decompose  with  a  crackling  noise. 
On  one  occasion  it  exploded,  sharply  scattering  the  metal  The 
loud  crackling  noise  produced  by  tnis  substance  may  be  heard  for 
many  days  after  it  is  made.  That  there  is  no  mere  surface-action 
in  the  case  of  the  meremial  and  bismuth  alloys  of  ammonium,  is 
shown  by  the  pores  which  are  formed  by  the  escaping  gases  in 
both  cases.  In  the  amalgam  these  pores  may  be  seen  produced 
by  the  escaping  ammonium  long  after  the  water  has  exhausted  the 
sodium.  In  the  mereurial  body  the  pores  are  evanescent ;  in  the 
case  of  bismnth  they  remain,  and  may  be  examined  at  leisura 
Am.  Jodb.  Soi.—  Bboord  Bkbibs,  Vol.  XLIX,  No.  14S.— Habob,  1S70. 
17 
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These  are  different  phenomena  from  those  displayed  hy  spongy 
platinum  when  it  forces  hydrogen  and  oxygen  to  combine. 

Appendix, — Continuation  of  the  investigation  at  the  laboratory 
of  the  Royal  Mint,  London,  by  the  land  permission  of  Mr. 
Roberts : — 

The  alloy  was  dried  in  vacuo  over  sulphuric  acid.  It  Iras  then 
heated  in  vacuo  by  means  of  a  Sprengel  pump,  when  it  decomposed, 
and  the  resulting  gas  was  collected  over  mercury.  It  was  found 
to  have  twenty-seven  times  the  volume  of  the  original  solid. 
Analysis  of  the  gas  proved  it  to  contain  nitrogen  and  hydrogen. 
The  results  of  a  further  examination  will  shortly  be  given. — I^hil. 
Mag.,  IV,  xxxviii,  68.  June  23, 1869. 

II.    MINERALOGY  JOH)  GEOLOGY. 

1.  Preliminary  Field  Report  of  the  U,  S.  Geological  Survey  of 
Colorado  and  New  Mexico,  conducted,  under  the  authority  of  Hon. 
J.  D.  Cox,  Secretary  of  the  Interior,  by  F.  V.  Hayden,  U.  S. 
Geologist.  156  pp.  8vo.  Washington,  1869. — ^Prof.  Hayden,  in  this 
expedition  of  the  year  just  past,  was  over  his  old  field  again,  in 
which  he  has  done  so  much  by  his  observations  and  collections  to 
promote  the  progress  of  American  geology  and  paleontology.  His 
explorations,  however,  were  continued  farther  west,  to  and*  among 
the  heights  of  the  summit  His  route  was  from  Cheyenne,  where 
he  commenced  his  labors,  to  Denver ;  from  Denver  to  the  silver 
mines  at  Georgetown,  the  gold  mines  of  Central  City,  and  thence  to 
the  Middle  Park ;  then  back  to  Denver,  and  southward  to  Colo- 
rado City,  Soda  Springs,  Canon  City,  Spanish  Peaks,  Raton  Hills, 
Fort  Union,  Mora  Valley,  and  Santa  F6  ;  thence  up  the  Rio 
Grande,  through  the  San  Luis  valley.  Poncho  Pass,  Arkansas  Val- 
ley, through  the  South  Park  to  Denver  again.  Prof.  Hayden  re- 
marks that  "  the  coal  formation  along  the  base  of  the  mountains 
was  studied  with  great  interest.  With  these  coal  beds  are  asso- 
ciated valuable  deposits  of  brown  iron  ora  The  coal  and  iron  de- 
posits of  the  Raton  Hills  extend  from  the  Spanish  Peaks  to  Max- 
well's, and  the  supply  of  both  is  quite  inexhaustible  and  of  excel- 
lent (jnality.  The  future  influence  of  these  two  important  minerals 
at  this  locality,  on  the  success  of  a  Pacific  Railroad,  cannot  be 
over-estimated.  It  is  believed  that  the  coal  and  iron  mines  of  the 
Raton  Hills  will  be  of  far  more  value  to  the  country  than  all  the 
mines  of  precious  metals  in  that  district. 

The  next  locality  for  coal  was  at  the  Placiere  Mountains.  In 
one  locality  here,  the  coal  has  been  changed  into  anthracite  by  the 
eruption  of  a  basaltic  dike,  the  igneous  material  of  which  had 
poured  over  the  coal  strata.  Vast  quantities  of  brown  iron  ore  are 
associated  with  this  coal,  and  magnetic  iron  ore  is  found  in  the 
gneissoid  rocks  of  the  mountain.  The  ^old  mines  here  are  very 
rich  and  are  now  wrought  upon  a  true  scientific  plan." 

As  this  Report  consists  of  field  notes,  the  geological  facts  are 
present  as  they  were  observed  along  the  principal  routes;  and  we 
shall  wait  for  a  systematic  review  of  the  results  from  the  author 
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before  presenting  them,  and  cite  in  this  place  only  some  of  the  par- 
agraphs from  his  account  of  the  trip  to  the  famous  "  Middle  Part." 

Our  route  to  the  Middle  Park  was  through  the  Berthoud  Pass, 
from  the  valley  of  Clear  Creek.  The  range  of  mountains  in  which 
the  pass  is  located  is  composed  of  gneissic  rocks — as  are  all  the 
ranges  in  the  mining  districts.  The  ascent  was  very  steep  on  the 
south  side,  up  to  the  region  of  perpetual  snow ;  but  the  descent  on 
the  north  side  is  quite  gradual. 

Great  quantities  of  loose  materials  from  the  basis  rocks  are  scat' 
tered  thickly  over  the  summits,  of  every  variety  of  the  metamor- 
phic  class.  Most  of  the  peaks  are  well  rounded,  and  covered  with 
soil  and  vegetation.  Grass  and  flowers  grow  far  up  above  the  lim- 
its of  arborescent  vegetation.  As  we  ascend,  the  pines,  spruces  and 
cedars  dwindle  down  in  size,  until  they  become  recumbent  and 
trail  on  the  ground.  Some  of  the  highest  peaks  are  very  sharp, 
and  covered  with  loose  rocks,  as  if  only  the  usual  atmospheric  in- 
fluences had  ever  affected  them.  Their  sides  are  often  massive 
escarpments  of  rocks  down  which  an  infinite  quantity  of  fragments 
have  fallen,  making  a  vast  amount  of  debris  at  the  base.  Of 
course  their  rocky  sides  are  entirely  free  from  vegetation,  and 
the  oxyd  of  iron  gives  them  a  rusty  reddish  appearance.  One 
mountain  at  the  head  of  Clear  Creek  is  called  Red  Mountain,  from 
the  fact  that  the  rocks  have  a  bright  red  color  in  the  distance. 
The  evidences  of  the  outpouring  of  igneous  rocks  in  this  moun- 
tain are  very  marked ;  indeed,  it  may  be  called  an  eruptive  range. 

From  the  summit  of  Berthoud's  Pass,  at  a  height  of  eleven 
thousand  eight  hundred  and  sixteen  feet,  we  can  look  northward 
along  the  line  of  the  main  range,  which  gradually  flexes  around 
to  the  northwest,  while  the  little  streams  seem  to  flow  through  the 
rifts.  The  general  appearance  of  the  western  slope  of  this  great 
range  would  indicate  that  it  is  a  huge  anticlinal,  composed  of  a 
series  of  ranges  on  each  side  of  a  common  axis,  and  then  smaller 
ranges  ascend  like  steps  to  the  central  axis.  The  western  side  of 
this  ridge  slopes  gently,  while  the  eastern  side  projects  over  ab- 
ruptly. This  main  range  also  forms  a  narrow  aividing  line,  or 
"  water-divide,"  between  the  waters  of  the  Atlantic  and  Pacific. 
I  stood  where  the  waters  of  each  side  were  only  a  few  feet  apart, 
and  felt  a  real  joy  in  passing  down  the  western  slope  oi  the 
mountain  by  the  side  of  a  pure  crystal  stream  whose  waters  were 
hastening  on  to  the  great  Pacific. 

The  Middle  Park  is  really  made  up  of  a  number  of  smaller 
parks,  which  are  somewhat  independent  of  each  other.  Each  one 
may  present  different  geological  formations.  The  little  park  on 
the  south  side,  which  we  first  enter,  is  a  very  beautiful  one.  The 
grass  is  luxuriant,  and  the  timber  excellent.  Kone  of  the  older 
sedimentary  rocks  were  seen  along  the  flanks  of  the  mountains, 
but  a  recent  tertiary  deposit  seemed  to  cover  the  country.  On  the 
east  side  of  Fraser  Creek  there  is  a  long  high  ridge,  which  is  cut 
by  the  stream  in  several  places,  formed  of  the  white  and  yellow 
sands  and  marls  which  mark  the  pliocene  tertiary  on  the  east  side 
of  the  mountain.    I  have  no  douDt  that  it  is  a  formation  of  the 
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same  kind  as  that  of  the  Arkansas  marls,  and  cotemporaneons 
with  it 

Along  this  creek  there  are  some  massive  walls  of  this  formation, 
mostly  yellow  marls,  but  some  layers  of  sandstone.  This  ridge 
extends  from  the  mountains  far  northward,  and  is  about  two  miles 
wide ;  and  between  it  and  the  immediate  base  of  the  mountains  is 
situated  a  beautiful  valley  of  considerable  width. 

The  Middle  Park  is  apparently  a  quaquaversal,  surrounded  by 
the  lofty  snowy  ranges  ^  and  the  lower  ranges  descending  like 
steps  to  the  valley  which  constitutes  the  true  park.  The  park 
does  not  appear  to  be  more  than  from  ten  to  twenty  miles  wide 
from  east  to  west,  and  from  fifty  to  sixty  long  from  north  to  south. 
In  this  park,  also,  the  ranges  of  mountains  so  surround  it  that  the 
slopes  seem  to  form  a  sort  of  quaquaversal  inclining  toward  a  com- 
mon center. 

Viewed  from  Middle  Park,  Long's  Peak,  and  the  range  imme- 
,  diately  connected  with,  has  a  rugged,  saw-like  edge,  as  if  com- 
posed of  eruptive  rocks,  and  ridge  after  ridge  inclines  from  it  in  reg- 
ular order. 

About  ten  miles  north  of  our  camp,  in  the  first  park,  we  come 
to  low  ridges  of  massive  red  feldspathic  eranite,  and  parallel 
with  these  granite  ridges  are  a  series  of  segmentary  beds,  com- 
mencing with  the  brick-red  beds.  The  strike  is  nearly  north  and 
south,  and  the  dip  west.  These  ridges  are  all  so  grassed  over  that 
the  true  nature  of  the  underlying  rocks  is  not  easily  determined. 
Then  comes  ridge  after  ridge,  untill  all  the  beds— Jurassic  and  cre- 
taceous— are  shown. 

On  this  stream  we  have  a  fine  system  of  terraces.  On  the 
north  side  are  three  distinct  terraces  above  the  bottom,  and  the 
lowest  one  has  a  bed  of  cretaceous  sandstone,  neariy  horizontal, 
oroppinff  out  at  its  base.  This  is  a  low  one,  not  more  than  fifteen 
feet  high ;  the  next  one  is  fifty  feet  high,  and  the  third,  which  de- 
scends from  the  high  hills,  is  two  hundred  feet.  A  little  west  of 
south,  at  the  lunction  of  Grand  River  with  Frazer  Creek,  five  hiffh 
peaks  are  visible,  which  form  in  that  direction  a  part  of  the  mam 
ranee.  All  around  us,  in  every  direction,  we  could  see  the  snowy 
peaks,  and  the  beds  which  form  the  ridges  of  upheaval  inclining  in 
every  direction. 

To  the  south  of  the  park,  the  older  sedimentary  rocks  dip  north 
in  lofty  ridges,  at  least  two  thousand  feet  high,  presenting  hiffh 
escarpments  when  split  by  streams,  and  reaching  almost  the  high- 
est margin  of  the  mountains. 

About  ten  miles  above  the  hot  springs.  Grand  River  flows 
through  an  enormous  gorge  cut  through  a  high  ridee  of  basalt, 
which  seems  to  be  an  intrusive  bed,  for  above  and  below  the  sedi- 
mentary rocks  are  well  shown,  but  partially  changed.  Under- 
neath are  the  cretaceous  shales  of  lumbers  4  and  5,  and  above 
are  the  lignite  tertiary  beds.    These  beds  all  dip  west  28**. 

These  eruptive  rocKS  are  veir  rough,  as  if  they  had  been  poured 
out  without  much  pressure.  Much  of  it  is  a  very  coarse  conglom- 
erate, the  inclosed  masses  appearing  to  be  the  same  kind  as  the 
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paste ;  that  is,  originally,  of  igneous  origin.  Some  of  the  inclosed 
rocks  are  very  compact,  close,  and  all  were  more  or  less  worn,  be> 
fore  being  inclosed.  This  rock  is  a  true  dolorite.  I  did  not  see 
any  inclosed  masses  that  I  could  call  unchanged.  This  basalt  ex- 
tends a  great  distance,  continuing  a  nearly  uniform  thickness,  and 
inclining  in  the  same  direction  with  the  cretaceous  beds  below  and 
the  tertiary  beds  above. 

On  both  sides  of  Grand  River,  bat  especially  on  the  east  and 
northeast  sides,  extending  up  nearly  to  the  foot  of  Long^  Peak, 
are  quite  large  exposures  of  the  recent  tertiary  beds.  They  are 
nearly  horizontiJ,  and  have  much  the  appearance  in  color  of  the 
Fort  Bridger  beds,  of  which  Church  Buttes  is  an  example.  These 
beds  are  composed,  for  the  most  part,  of  fine  sand  and  marl,  but 
there  are  a  few  small  rounded  boulders  scattered  through  it.  Be- 
low the  gorge,  on  the  north  side  of  Grand  River,  these  outflows 
of  basalt  have  formed  some  well-defined  mesas ;  at  least  three  beds, 
ascending  like  steps  from  the  river.  The  basalt  lies  in  horizontal 
beds,  but  on  the  south  side  is  the  sloping  side  of  a  basaltic  ridge. 
The  dip  is  nearly  northwest,  though  the  trend  of  this  basaltic  ridge 
is  by  no  menus  regular.  One  portion  of  it  has  a  strike  norUi- 
west  and  southeast,  and  another  north  and  south.  The  tertiary 
rocks  reach  a  great  thickness,  and  are  elevated  high  up  on  the  top 
of  the  basaltic  ridge,  eight  hundred  to  one  thousand  feet  above  the 
river.  They  are  mostly  formed  of  fine  sandstone  and  pudding- 
stone.  These  fine  sandstones  contain  some  well-marked  impress- 
ions of  deciduous  leaves^  among  which  are  good  specimens  of  J%k- 
tanu8  h^deni.  On  the  north  side  of  Grand  River,  in  some  locali- 
ties, the  tertiary  beds  are  elevated  so  hi^h,  on  many  of  ibe  erup- 
tive mountains,  that  they  are  covered  with  perpetual  snow.  These 
eruptive  beds  are  certainly  among  the  most  remarkable  examples 
of  the  overflow  of  igneous  matter  that  I  have  ever  seen  in  the 
West        ♦        ♦        ♦        * 

Immediately  below  the  hot  springs  the  Grand  Cafion  com- 
mences, and  the  river  cuts  its  way  through  an  upheaved  ridge  of 
massive  feldspathic  granite,  for  three  mues,  between  walls  n*om 
one  thousand  to  one  thousand  five  hundred  feet  hi^h.  The  south 
side  is  somewhat  sloping,  and  covered  thickly  with  pines,  while 
the  north  side  is  extremdy  rugged,  the  immense  projecting  masses 
of  granite  forbidding  any  vegetation  to  gain  a  foothold.  It  would 
seem  that  the  river  had  worn  its  way  through  a  sort  of  rifl  in  the 
granite,  but  at  the  upper  end  it  has  cut  through  the  uplifted  sedi- 
mentary ridges  nearly  at  right  angles.  In  some  places  the  north 
side  is  gashed  out  in  a  wonderfulW^  picturesque  manner,  so  that 
isolated  columns  and  peaks  are  left  standing,  while  all  the  inter- 
mediate portions  have  been  worn  away.  This  granite  ridge  will 
average  perhaps  five  miles  in  width,  and  extends  an  unknown  dis- 
tance across  the  park,  northeast  and  southwest,  and  it  is  from  the 
southeast  side  that  the  ridges  of  upheaval,  above  described,  incline. 

The  granite  ridge  seems  to  form  a  sort  of  abrupt  anticlinal  On 
the  southeast  side  the  rocks  all  are  bare,  or  covered  with  a  super - 
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iioial  deposit  of  recent  tertiary  marls.  None  of  the  older  nn- 
changed  rocks  are  seen  on  this  side,  bnt  the  modem  sands  and 
sandstones  are  exposed  in  a  horizontal  position  in  the  channel  of 
the  river. 

The  hot  springs  are  located  on  the  right  bank  of  Grand  River, 
at  the  juncture  of  the  sedimentary  rocks  with  the  granites.  Just 
east  of  the  springs  is  a  high  hill,  Mount  Bross,  one  thousand  to 
one  thousand  two  hundred  feet  above  Grand  River,  which  seems 
to  be  composed  mostly  of  the  older  tertiary  strata,  alternate  yel- 
low and  gray  sandstones,  and  laminated  arenaceous  shaly  clays. 
The  whole  is  so  grassed  over,  that  it  is  difficult  to  take  a  section. 
The  beds  incline  east  of  north  at  a  small  angle.  I  regard  the  beds 
as  of  the  age  of  the  coal  formations  of  the  West,  (Sder  tertiary. 
I  found  excellent  impressions  of  deciduous  leaves,  among  which 
are  those  of  the  genus  Mugnolia.  Just  opposite  the  spring,  the 
left  bank  of  the  river  shows  a  perfect  section  of  all  the  layers, 
from  the  cretaceous  to  the  jurassia  The  bank  is  not  more  than  ten 
feet  thick  above  the  water,  and  yet  it  shows  that  the  river  it«elf 
rolls  over  the  upturned  edges  of  all  these  beds. 

The  section  in  descending  order  is  as  follows : 

1.  Tertia/ry  strata,  forming  the  greater  part  of  the  hill  known 
as  Mount  Bross.    The  CretaceouSj  consisting  of — 

2.  Gray  laminated  sandstones,  passing  down  into  arenaceous 
clays,  with  Baculites  ovaHts^  <fec. 

d.  Black  clays  of  No.  4.  These  are  of  great  thickness,  and  ev- 
ery variety  of  texture.  As  shown  in  a  cut  bank  of  the  river,  it  is 
yellow  aenaceous  clay,  with  layers  of  sandstone,  in  which  the  im- 
pressions of  deciduous  leaves  were  observed.  These  layers  pro- 
ject up,  a  distance  along  the  bank,  of  seventy  paces. 

4.  Dark  plastic  clay,  witli  cone  in  cone,  seams  of  impure  clay, 
iron  ore.  Then  comes  an  interval  in  which  no  layers  could  be 
seen,  sufficient  to  include  No.  8 — two  hundred  and  fifty  paces. 

5.  Dark  steel-black  laminated  slate,  with  numerous  fish  scales ; 
dip  twenty-seven  degrees.  This  slate  passes  down  into  alternate 
layers  of  rusty  sandstone  and  shaly  clay.     ♦        ♦        ♦        * 

1  have  given  this  detailed  description  of  the  cretaceous  rocks  to 
show  the  exceeding  vanableness  of  their  texture,  and  also  to  call 
the  attention  of  scientific  men,  who  may  hereafter  visit  this  inter- 
esting locality,  which  will  soon  become  celebrated,  to  a  section  of 
the  rock  through  which  the  waters  of  the  spring  must  pass  in 
reaching  the  surface.  Now,  in  whatever  rocks  these  springs  may 
originate,  the  water  must  pass  a  lon^  distance  through  the  almost 
vertical  strata  of  the  Cretaceous  period,  in  the  sediments  of  which 
are  found  in  other  localities  nearly  all  and  peiiiaps  all  the  mineral 
constituents  found  in  these  springs.  The  deposits  around  these 
springs  are  very  extensive.  No  analysis  has  as  yet  been  made, 
but  large  masses  of  gypsum  and  native  sulphur  can  be  taken  out 
at  any  time  from  the  sides  of  the  large  basin-like  depression  into 
which  the  water  flows.  They  are  properly  "Hot  Sulphur  Springs,** 
varying  in  temperature  from  BO  to  112^ 
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Troablesome  Canon,  at  the  head  of  the  creek  bearing  this  name, 
is  entirely  basaltic,  and  the  ragged  walls,  not  only  of  the  main 
stream,  bat  also  of  the  little  branches,  form  a  most  pictnresqae 
view. 

Below  the  Cafion,  the  valley  of  Troablesome  Creek,  and  also 
that  of  Grand  River  near  the  mnction,  is  occnpied  by  belts  of 
modem  tertiary  sands  and  marls,  like  those  observed  at  the  en- 
trance to  the  park,  by  Berthoud's  Pass.  Where  the  little  stream 
cats  the  terraces,  horizontal  strata  of  whitish  and  flesh-colored 
sands  and  marls  are  exposed.  I  looked  in  vain  for  fossils,  and 
foand  only  specimens  of  silicified  wood.  There  are  cold  sulphar 
springs  in  this  valley.  All  throagh  the  park,  the  benches  or  ter- 
races are  conspicnoas  in  the  vicinity  of  streams,  as  at  the  base  of 
moantain  ranges.  In  the  park  throagh  which  Frazer's  Creek  flows, 
these  benches  or  terraces  are  most  beantifally  carved  out  from  the 
modem  marls. 

In  snmming  np  the  geology  of  Middle  Park,  we  And  that  all 
the  sedimentary  rocks  known  in  this  conntry  are  foand  there.  I  did 
not  see  any  beds  that  I  conld  define  as  carboniferoas,  bat  the  tri- 
assic,  jarassic,  cretaceous,  and  tertiary  are  well  developed.  I  have 
no  donbt  as  to  the  existence  of  true  carboniferoas  limestones  in  the 
Middle  Park 

The  tertiary  deposits  of  this  region  may  be  divided  into  two 
groups,  viz.,  the  ugnite  or  older  tertiary,  and  the  modem  plio- 
cene marls  and  sands,  which  seem  common  to  the  parks  and  moun- 
tain valleys.  The  former  conform  perfectly  to  the  olier  beds, 
while  the  latter  seldom  incline  more  than  three  to  five  decrees, 
and  do  not  conform  to  the  older  rocks.  The  marl  group  is  un- 
doubtedly contemporaneous  with  the  Arkansas  and  Sante  ¥6 
marls. 

This  volume  contains  also  a  valuable  Report  of  P.  Frazer.  Jr.,  on 
the  mines  and  minerals  of  Colorado,  and  another  by  Cyrus  Thomas, 
on  the  agricultui'e  of  Colorado. 

2.  2%e  Gold  Fields  and  Mineral  Districts  of  Victoria^  with 
Notes  on  the  Modes  of  Occurrence  of  Gold  and  other  Metals  and 
Minerals  ;  by  R.  Bbough  Smyth,  F.G.S.,  Ac,  Secretary  for  Mines 
for  the  colony  of  Victoria,  Melbourne.  644  pp.  Royal  8vo.  1869. 
(Trtlbner  <fe  Co.) — We  have  examined  this  elaborate  volume 
with  equal  pleasure  and  instruction.  It  is,  in  fact,  an  extensive 
treatise,  full  of  minute  details  and  exact  information  rendered  in  an 
unpretending  matter  of  fact  style.  The  work  is  illustrated  by 
plans,  sections,  sketches,  diagrams  and  maps,  and  is  carefully 
printed  and  accompanied  by  ample  tabular  statements,  statistical 
and  otherwise. 

Perhaps  the  most  striking  thing  brought  to  light  by  the  Victo- 
ria gold  fields,  to  one  who  is  also  &miliar  with  those  of  California, 
is  the  fact  that,  to  all  appearance,  the  area  of  the  Australian  fields 
yet  unexplored,  or  very  imperfectly  so.  is  vastly  greater  than  any 
reserves  known  to  exist  upon  the  Pacific  slopes  of  North  America. 
Of  a  minimum  of  20,000,000  acres  of  known  gold  fields  in  Victoria, 
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not  more  than  600,000  acres,  or  one  thirty-third  part,  have  been 
opened  and  explored,  while  many  of  the  older  districts  are  still  yield- 
ing, with  improved  methods  and  economy,  better  results  than  at 
any  former  period.  The  fact  of  the  general  similarity  of  the  modes 
of  occurrence  of  gold  in  gulches,  deep  lying  placers,  and  in  old  river 
courses,  under  lava,  and  basalt,  in  Australia  and  California,  has 
lon^  been  known,  but  the  subject  receives  new  and  valuable  illus- 
tration by  the  labors  of  Mr.  Smyth.  Hitherto  comparatively  little 
has  been  known  in  this  country  respecting  the  modes  of  occurrence 
and  productiveness  of  the  gold-auartz  mines — reefs^  as  they  are 
callea — ^in  Victoria.  This  want  Mr.  Smyth  fully  supplies.  He 
tabulates  the  course  and  direction  of  nearly  600  quartz  veins  in 
the  several  mining  districts,  the  directions  being  from  N.  89°  W. 
to  N.  47'*  R;  but  oy  far  the  greater  number  of  veins  run  about  N. 
30^  to  40°  W. ;  and  mention  is  made  of  results  obtained  from  the 
workings  of  over  2400  mining  companies,  mostly  engaged  upon 
quartz.  The  number  of  quartz  reefs  (veins),  actually  proved  to  be 
auriferous,  is  over  2,600,  and  the  total  extent  in  square  miles  of 
auriferous  alluvial  and  quartz  ground  worked  upon  is  upwards  of 
880  square  miles. 

The  average  yield  of  gold  from  certain  parcels  of  quartz,  the  de- 
tails of  which  are  given  from  1869  to  1868,  from  returns  made  to 
the  Mining  Surveyor  and  Registrars,  is  shown  to  be  from  5,810,669 
tons  9  cwts.  of  quartz  crusned,  8,846,201  oz.  8  dwts.  of  gold  or 
an  average,  per  ton  of  11  dwts.  12*37  grains.  This  value  is  very 
unequally  distributed  between  the  difi^rent  districts,  as  appears 
from  an  inspection  of  the  details  tabulated  in  the  appendix.  The 
average  fineness  of  the  Australian  gold  is  considerably  above  that 
of  Caufomia. 

Pull  and  very  interesting  details  are  given  of  eeveral  of  the  most 
important  (juartz  mining  operations,  of  which  the  Port  Philip  Co., 
at  Clunes,  is  the  most  important.  The  following  is  a  return  of 
quartz  crushed  at  Clunes  for  the  12  months  ending  September, 
1866,  viz. :  64,413  tons  of  quartz  crushed  yielded  20,696  oz.  10 
dwts.  12  grains  of  gold,  averaging  7  dwts.  13  grains  per  ton,  and 
valued  at  $20  per  oz.=|;41 7,920.  To  crush  this  amount  of  quartz, 
80  stamns  were  required,  viz. :  66  heads  of  about  6  cwts.,  each  strik- 
ing 76  blows  per  minute,  requiring  about  one  horse  power  each, 
and  crushing  an  average  of  about  2  tons,  4  cwts.  each;  while  24 
stamps  weighing  about  8  cwts.  each,  crush  4  tons  per  diem  each  of 
fine  material ;  about  8  gallons  of  water  per  head  per  minute  is  re- 
quired bv  these  stamps,  or  921,600  gallons  per  diem.  Two  steam 
engines  drive  the  stamps.  Of  the  total  gold  saved,  66*08  per  cent 
are  found  in  the  stamp  beds,  22*96  in  the  meroury-boxes,  and  10*97 
comes  from  the  blankets. 

Compared  with  the  best  Califorijia  mines,  the  yield  per  ton  of  the 
St.  Phillip,  is  small.  Thus  in  1868-9,  20^38  tons  of  gold  quartz 
crushed  at  the  Eureka  Mill,  Grass  Valley,  California,  yielded  $637,- 
687.89,  or  an  average  of  $27.80  per  ton  of  ore ;  and  this  is  con- 
siderably less  than  the  average  of  some  former  years.    The  aver- 
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age  of  the  Amador  Company,  Sntter  Greek,  on  a  somewhat 
ereater  crushing  is  over  %2b  per  ton,  and  has  steadily  increased 
m>m  $5  or  $6  to  the  present  rate  in  sinking  to  a  depth  of  1200 
feet,  which  is  douhle  the  depth  of  the  St.  Phulips,  at  dlunes. 

Mr.  Smyth  discusses  at  length  Sir  Roderick  Murchison's  notion 
that  qaartz  eold  veins  hecome  poorer  in  depth,  and  effectually 
proves  that  there  is  no  evidence  of  this ;  hut  after  a  careful  com- 
parison of  over  200  examples,  he  iinnounces  the  following  general 
conclusions :  *  Taking  the  whole  of  the  information  and  results 
obtained  into  consideration,  there  is  much  reasonable  evidence 
produced  in  support  of  the  theory  that  quartz  reefs  are  ricJier  a$ 
they  increase  in  aepth^  and  in  addition  to  this,  that  they  are  widerj* 

A  remarkable  feature  of  the  Australian  gold  fields,  in  which  they 
are  distinguished  above  all  others,  is  the  magnitude  and  frequency 
of  the  nuggets  found  in  them.  Mr.  Smyth  gives  two  interesting 
tabular  statements  of  remarkable  nuggets,  the  history  of  which  is 
known,  as  compiled  by  Mr.  Birkmyre,  an  experienced  assayer,  and 
the  second  by  Mr.  F.  Knox  Orme,  the  warden  of  Dunolly.  Of  Mr. 
Birkmyre's  list  ((»ver  150  specimens),  only  21  are  American  or 
European.  We  enumerate  a  few  of  the  most  remarkable  Austra- 
lian nuggets,  compiled  from  both  tables : 

lbs.     OS. 

DanollT,  date,  ftc.,  unknown,  24S( 

The  **  Welcome  Stranger  Nug^Bret,"  found  Feb.  3d,  1869,  in  the  auriferous 
aUuvium.  near  Bull  Dog  Beef,  Dunollj.  Victoria;  21  inches  Iouk,  10 
inches  in  thickness ;  mixed  with  the  quartz,  but  the  great  body  of  it 
solid  gold;  986  fine;  yalue  £9534.  The  neighborhood  of  Dunollj  is 
almost  an  unprospected  country.  For  many  miles  there  are  out-crop- 
ping reefe  which  have  yielded  very  large  pieces  of  gold.  190  10 

The  '*  Welcome  Nugget."  found  June  15,  1868,  at  Bakery  Hill,  Balla- 
arat»  Victoria,  at  180  feet  depth ;  water- worn  and  irregular  shaped ;  20 
indies  long  by  12  broad  and  t  deep;  by  assay,  992  fine;  value, 
£9.326.  184  9 

The  "Blandie  Barkly  Nugset,"  found  2'rth  August,  1867,  at  Kingower, 
Victoria,  at  a  depth  of  13  feet,  and  within  five  or  six  feet  of  holes  dug 
three  years  before.  It  meastiied  28  inches  by  10,  and  contained  about 
two  lbs.  of  quartz,  day,  Ac.;  assay,  956;  yalue,  £6  905.12.  145  3 

Found  at  Canadian  Gully.  Ballaarai  Victoria,  Slst  of  January,  1853,  at  a 
depth  of  60  feet;   989  fine;  value,  £5,532  7s.  4d.  134  11 

Found  in  July,  1861,  by  a  native  boy,  in  a  heap  of  quartz  at  Meroo  Creek, 
River  Turon,  53  miles  fh)m  Bathurst,  N.  S.  W.  It  was  in  three  pieces 
when  found,  though  considered  as  one  mass.  106 

Found  in  1857  at  Dunolly,  Victoria,  two  specimens  with  gold  distributed 
throngii  a  rust-colored  matrix.  237 

Found  Nov.  Ist,  1858,  at  Burrandong,  near  Orange,  N.  8.  W.,  at  a  depth 
of  35  feet  mingled  with  quartz  and  pyrites ;  of  874  fineness.  107  2 

The  ''  Lady  Hamilton  Nugget,"  found  1854.  Sept  8th,  near  Canadian 
Gully,  Ballaarat,  Victoria,  at  a  depth  of  135  feet  98  1 

Did  space  permit,  this  list  might  be  continued,  by  far  the 
larger  number  of  nuegets  found  being  under  100  lbs.  'i'roy,  and  the 
history  of  some  of  them  is  sufficiently  curious.  Many  of  the  larse 
nuggets  of  Australia  are  distinctly  referred  to  quarts  veins  in  the 
immediate  vicinity,  and  masses  are  specified  of  several  pounds 
weight,  which  have  been  found  attached  to  the  veins.  How  rare 
this  circumstance  is  in  Califomia,  is  well  known ;  the  only  example 
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of  mach  significance  being  in  the  Morgan  claim  on  Carson  HilL 
The  famous  Cabarras  Co.  (N.  C),  (1821,)  nue^t  of  84  lbs.  weight 
was  alluvial  gold  The  largest  nugget  found  in  California  was  at 
Yaliceto,  (24th  April,  1852),  near  Carson  Hill,  and  weighing  26 
lbs.  5  ounces. 
The  following  tables  exhibit  interesting  information. 

Hetums  showing  approximately  the  gold  obtained  from  quartz 
veins  and  alluvial  workings  during  the  gears  1864  to  1868  in- 
elusive^  Victoria: 


Year. 

From  Quartz  Yeins. 

From  Alluvial  Workings. 

oz.        dwta. 

oz.         dwts. 

1864 

503,618     5 

1,041,076     10 

1865 

450,000     0 

1,093,801       0 

1866 

521,017     0 

958,177     15 

1867 

560,527     0 

873,160       6 

1868 

587,694     0 

1,069,804       0 

The  ratio  of  quartz 

gold  to  alluvial  srold  is  thus  shown  to  be 

much  higher  in  Australia  than  it  is  in  California,  where  not  over 

one  quarter  of  the  annual  production  is  considered  to  arise  from 

quartz,  while 

in  Victoria  it  is  seen  to  be  about  one  hal£ 

Yield  of 

Gold  per  afinum  : 

Victoria. 

Year. 

Quantity  Exported, 
ounces. 

Value  at  BOs.  per  oz. 

1851  for  3  mos. 

145,146 

580,584 

1852 

2,218,782 

8,876,128 

1863 

2,676,345 

10,705,380 

1854 

2,150,730 

8,602,920 

1855 

2,751,535 

11,006,140 

1856 

2,986,991 

11,943,964 

1857 

2,762,460 

11,049,840 

1858 

2,628,478 

10,113,912 

1859 

2,280,950 

9,123,800 

1860 

2,156,660 

8,626,640 

1861 

1,967,420 

7,869,680 

1862 

1,668,207 

6,632,828 

1863 

1,626,872 

6,507,488 

1864 

1,544,694 

6,178,776 

1865 

1,548,801 

6,175,204 

1866 

1,479,194 

5,916,776 

1867 

1,433,687 

5,734,748 

1868 

1,657,498 

6,629,992 

Totals,  35,568,450  182,273,800 

To  arrive  at  the  total  quantity  exported,  it  is  necessary  to  add 

1,267,241  ozs.  to  the  above. 
Mr.  Smith's  volume  contains  ample  material  for  study,  and  offers 

many  tempting  extracts,  but  our  space  compels  us  to  forbear. 


Digitized  by  VjOOQIC 


Mineralogy  arvd  Oeology,  267 

8.  On  Old  Water  Courses:  by  Dr.  J.  S.  Nbwbebby.— (To  the 
citations  from  the  memoir  of  Dr.  Newberry  on  Surface  Geology 
at  page  111,  we  here  add  the  following. — Eds.) 

"Some  of  the  valleys  and  channels  which  bear  the  marks  of 
elacial  action — evidently  formed  or  modified  by  ice,  and  dating 
from  the  ice  period  or  an  earlier  epoch — are  excavated  far  below 
the  present  lakes  and  water-courses  which  occupy  them. 

Tnese  valleys  form  a  connected  system  of  drainage,  at  a  lower 
level  than  the  present  nver  system,  and  lower  than  could  be  pro- 
duced without  a  continental  elevation  of  several  hundred  feet.  A 
few  examples  will  suffice  to  show  on  what  evidence  this  assertion 
is  based. 

Lake  Michigan,  Lake  Huron,  Lake  Erie,  and  Lake  Ontario  are 
basins  excavated  in  undisturbed  sedimentary  rocks.  Of  these. 
Lake  Michigan  is  600  feet  deep,  with  a  surface  level  of  678  feet 
above  tides ;  Lake  Huron  is  500  feet  deep,  with  a  surface  level  of 
574  feet;  Lake  Erie  is  204  feet  deep,  with  a  surface  level  of  566 
feet ;  Lake  Ontario  is  450  feet  deep,  with  a  surface  level  of  234 
feet  above  the  sea. 

An  old,  excavated,  now-filled  channel  connects  Lake  Erie  and 
Lake  Huron.  At  Detroit  the  rock  surface  is  130  feet  below  the 
city.  In  the  oil  region  of  Bothwell,  Ac,  from  50  to  200  feet  of 
clay  overlie  the  rock.  What  the  greatest  depth  of  this  channel  is, 
is  not  known. 

An  excavated  trough  runs  south  from  Lake  Michigan — filled 
with  clay,  sand,  tree  trunks,  <fcc. — penetrated  at  Bloomington,  LI., 
to  the  depth  of  230  feet. 

The  rock  bottoms  of  the  troughs  of  the  Mississippi  and  Missouri, 
near  their  junction  or  below,  have  never  been  reached;  but  they 
are  many  feet,  perhaps  some  hundreds,  beneath  the  present 
stream-beds. 

The  borings  for  oil  in  the  valleys  of  the  Western  rivers  have 
enabled  me  not  only  to  demonstrate  the  existence  of  deeply  buried 
channels  of  excavation,  but  in  many  cases  to  map  them  out.  Oil 
Creek  flows  from  75  to  100  feet  above  its  old  cnannel,  and  that 
channel  had  sometimes  vertical  and  even  over-hanging  cliffs.  The 
Beaver,  at  the  junction  of  the  Mahoning  and  Shenango,  runs  150 
feet  above  the  bottom  of  its  old  trough. 

The  Ohio  throughout  its  entire  course  runs  in  a  valley  which 
has  been  cut  nownere  less  than  150  feet  below  the  present  river. 

The  Cuyahoga  enters  Lake  Erie  at  Cleveland,  more  than  100 
feet  above  the  rock  bottom  of  its  excavated  trough.  The  Cha- 
grin, Vermilion,  and  other  streams  running  into  Lake  Erie  exhibit 
the  same  phenomena,  and  prove  that  the  surface  level  of  the  lake 
must  have  once  been  at  least  100  feet  lower  than  now. 

The  bottom  of  the  excavated  channel  in  which  Onondaga  Lake 
is  situated,  and  the  Salina  salt- wells  bored,  is  at  least  414  feet  be- 
low the  surface  level  of  the  lake  and  50  feet  below  the  sea  level. 
(Geddes.  Trans.  New  York  State  Agricultural  Society,  1859.) 

The  old  channel  of  the  Genesee  River  at  Portage,  described  by 
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Prof.  Hall  in  the  Geology  of  the  4th  District  of  New  York ;  the 
trough  of  the  Hudson,  traceable  on  the  sea  bottom  nearly  100 
miles  from  the  present  river  mouth ;  the  deeply  buried  bed  of  the 
Lower  Mississippi,  are  additional  examples  of  the  same  kind;  while 
the  depth  to  wnich  the  Golden  Gate,  the  Straits  of  Carquinez,  the 
channel  of  the  lower  Columbia,  the  Canal  de  Haro,  fiood's  Canal, 
Puget  Sound,  Ac,  have  been  excavated,  indicates  a  similar  (per^ 
haps  simultaneous)  elevation  and  erosion  of  the  Western  coast  of 
America. 

The  falls  of  the  Ohio  —formed  by  a  rocky  barrier  across  the 
stream — though  at  first  sight  seeming  to  disprove  the  theory  of  a 
deep  continuous  channel  m  our  Western  rivers,  really  afford  no 
argument  against  it,  for  here,  as  in  many  other  instances,  the 
present  river  does  not  follow  accurately  the  line  of  the  old  channel 
Delow,  but  runs  along  one  or  the  other  side  of  it.  In  the  case  of 
the  Louisville  falls  the  Ohio  nms  across  a  rocky  point  which 
projects  into  the  old  valley  from  the  north  side,  while  the  deep 
channel  passes  under  the  lowland  on  the  south  side,  on  part  of 
which  the  city  of  Louisville  is  built. 

The  importance  of  a  knowledge  of  these  old  channels  in  the  im- 
provement of  the  navigation  of  our  larger  rivers  is  obvious,  and  it 
IS  possible  it  would  have  led  to  the  adontion  of  other  means  than 
a  rock  canal  for  passing  the  Louisville  falls,  had  it  been  possessed 
by  those  concerned  in  this  enterprise. 

I  ventured  to  predict  to  Gen.  Warren  that  an  old  filled-up 
channel  would  be  found  passing  around  the  Mississippi  rapids, 
and  his  examinations  have  confirmed  the  prophecy.  I  will  ven- 
ture still  further,  and  predict  the  discovery  of  buried  channels  of 
communication  between  Lake  Superior  and  Lake  Michigan — prob- 
ably somewhere  near  and  east  of  the  Grand  Sable — at  least,  be- 
tween the  Pictured  Rocks  and  the  St.  Mary's  River — ^between 
Lake  Erie  and  Lake  Ontario  through  Canada, — ^between  Lake 
Ontario*  and  the  Hudson  by  the  valley  of  the  Mohawk, — between 
Lake  Michigan  and  the  Mississippi,  somewhere  along  the  line  I 
have  before  indicated.  I  also  regard  it  probable  that  a  channel 
may  be  found  connecting  the  upper  and  lower  portions  of  the 
Tennessee  River,  passing  around  the  Mussel  Shoals.  This  locality 
lies  outside  of  the  area  where  the  Northern  Drift  deposits  were 
laid  down  to  fill  and  conceal  ancient  channels,  but  the  excavation  • 
and  the  filling  up  of  the  channel  of  the  Tennessee— like  that  of  the 

*  When  the  water  in  the  lake  baain  had  subsided  to  near  its  present  level,  its  cAd 
avenues  of  escape  being  all  sUted  up  bj  the  Drift  days  and  sands  the  surplus  made 
its  exit  by  the  Une  of  lowest  levels  wherever  that  ohanced  to  run.  As  that  hap- 
pened to  lie  over  the  rocky  point  that  projected  fVom  the  northern  extremity  of  the 
Alleghanies  into  the  lake  basin,  there  the  line  of  drainage  was  established  in  what 
is  now  known  as  Niagara  river. 

Though  among  the  most  recent  of  the  events  recorded  in  our  surface  geology, 
this  choice  of  the  Niagara  outlet  by  the  lake  waters  was  made  so  long  ago  that  all 
the  erosion  of  the  gorge  below  the  falls  has  been  accomplished  since.  The  exca- 
vation of  the  basin  into  which  the  Niagara  flows— the  basin  of  Lake  Ontario,  of 
which  Queenstown  Heights  form  part  of  the  margin — ^belongs  to  an  epoch  long 
anterior. 


Digitized  by  VjOOQ  IC 


Mtneralogy  cmd  Oeohgy,  269 

Ohio  — ^were  determined  by  the  relative  altitude  of  the  waters  of 
the  Gulf.  The  channel  of  the  Lower  Tennessee  mast  have  been 
excavated  when  the  southern  portion  of  the  Mississippi  valley  was 
higher  above  the  Gulf  level  than  now,  and  Prof.  Hilgard  has 
shown  that  at  a  subsequent  period,  probably  during  the  Cham- 
plain  epoch,  the  Gulf  coast  was  depressed  500  feet  below  its  present 
relative  level  This  depression  must  have  made  the  Lower  Mis- 
sissippi an  arm  of  the  sea,  by  which  the  flow  of  the  Ohio  and  Ten- 
nessee was  arrested,  their  channels  filled,  terraces  formed,  <fec.  If 
the  Upper  Tennessee  has,  as  appears,  a  channel  lower  than  the 
Mussel  Shoals,  it  must  be  somewhere  connected  with  the  deep 
channel  of  the  lower  river. 

4.  T%e  Volcano  of  Kilauta^  and  great  EarthquaJce  Waves;  by 
Rev.  Titus  Coan. — I  have  lately  returned  from  a  tour  of  explora- 
tion to  the  active  crater  of  Kilauea  and  the  volcanic  district  of 
Puna.     At  Kilauea  the  action  was  dull.    The  central  area  of  this 
immense  crater  remains  a  deep  concavity,  depressed  about  400  feet 
below  its  margin  ;  but  this  margin  is  a  new  rim  or  black  ledge  of 
lava,  itself  depressed  a  thousand  feet  below  the  banks  of  the  crater, 
and  marking  the  former  level  of  its  bottom.   In  this  profound  basin 
I  noticed  a  scanty  growth  of  ferns  rooted  in  the  superficial  strata 
of  lava.     They  had  gone  down  uninjured  to  a  depth  of  400  or  500 
feet,  as  the  crust  subsided  upon  the  disgorgement  of  the  molten 
lava  beneath.    The  old  South  Lake  retains  its  locality ;  but  its 
contours  are  entirely  changed.     It  is  now  a  nearly  circular  pit, 
about  400  feet  deep  m  the  bottom  of  the  crater.     Its  diameter,  as 
I  measured,  is  four-fifths  of  a  mile,  and  its  walls,  of  black  hardened 
lava,  are  jagged  and  frowning ;  in  some  places  beetling;  in  others, 
perpendicular  or  retreating.     To  this  abyss  access  is  anything  but 
easy ;  it  is  possible  to  enter  it  at  but  a  single  place,  and  by  making 
a  trajet  over  a  steep,  rugged,  and  difficult  incline  of  debris^  yet  a 
brave  American  lady  of  my  party  ventured  to  descend  under  my 
guidance.     Here,  2,000  feet  below  the  surface  of  the  ground,  we 
tramped  together  over  the  floor  of  the  awful  pit.     It  seems  now 
the  half-cooled  forge  of  Vulcan.     The  fiery  billows  no  longer  roll 
and  break  as  they  were  wont  to  do  over  this  vast  area  of  indurated 
lavas;  yet,  in  many  places  we  could  look  into  red-hot  ovens  and 
chimneys,  and  down  through  orifices  in  the  crust  to  the  molten-  sea 
below,  and  hear,  and  see,  and  feel  the  incandescent  minerals  boil- 
ing, and  surging,  lashing  the  sides  of  the  deep  cavern,  and  sending 
up  volumes  of  white  snlpnur  vapors.     But  now  this  principal  focus 
of  volcanic  action  is  comparatively  quiet.     Our  last  great  eruption 
has  lowered  its  fiery  tides  far  below  their  usual  level ;  and  we  are 
content  to  enjoy  this  lull  in  the  strife  of  the  telluric  forces  which 
are  so  ably  described  in  Dr.  C.  F.  Winslow*s  recent  work  on  Force 
and  Nature — a  work  which  gives  the  completest  explanation  that 
has  yet  appeared  of  volcanic  phenomena  in  Hawaii.    I  spent  three 
days  at  Kilauea,  making  careful  observations  of  the  crater ;  and, 
when  these  were  completed,  went  to  the  seashore  at  Ke-a-la-ko-mo, 
a  village  in  the  volcanic  district  of  Puna,  situated  about  twenty 
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miles  from  Kilaaea.  In  this  district  the  subsidence  of  the  land  was 
distinctly  marked.  Throughout  a  coast  line  of  many  miles  in 
extent  the  shore  has  settled  from  six  to  eight  feet. 

On  the  25th  of  July  last  a  remarkable  flood  tide  visited  the  south- 
em  shore  of  Puna,  tearing  away  the  &ces  of  the  searcliffs,  sweep- 
ing over  barriers  25  feet  high,  rolling  in  foaming  surfs  hundreds  of 
feet  inland,  and  carrying  with  it  huge  boulders  and  angular  masses 
of  rock  of  from  a  ton  to  three  tons  in  weight.  The  sea  rose  nearly 
thirty  feet  in  perpendicular  height,  or  ten  feet  higher  than  the  great 
earthquake  wave,  already  described  in  your  Journal,  of  the  2nd 
April,  1868.  Several  houses  which  were  not  reached  by  that  wave 
were  swept  away  on  the  25th.  By  the  latter  calamity  nearly 
everything  has  been  destroyed  upon  the  high  shores  of  Ka-ha-na- 
le-a,  and  the  delicious  bath  in  the  fissure  at  Pu-na-luu  is  doubled 
in  depth.  Nor  are  the  changes  that  the  plastic  volcanic  agency 
is  impressing  upon  this  country  yet  completed.  At  Ea-Ia-pa-na 
the  sea  is  more  and  more  invading  the  land.  Two  channels  are 
opened  throueh  the  beach,  and  the  tide  ebbs  and  flows  over  lar^e 
fields  of  the  Ea-la-pa-na  plain.  The  old  stone  church  of  the  vil- 
lage is  deeply  buried  in  sand  and  boulders,  and  the  tides  sweep 
entirely  over  it.  From  Ea-mai  li  to  Ka-po-ho  the  shores  are  terri- 
bly torn  by  the  action  of  the  waves.  Between  the  villages  of 
0-pi-hi-kaa  and  Po-ho-i-ki  the  waves  dashed  a  thousand  feet  inland 
and  destroyed  a  mile  of  road  running  parallel  with  the  shore,  upon 
a  line  never  before  reached  by  the  sea.  But  for  the  declivity  ofour 
shores,  these  gigantic  waves  would  have  penetrated  much  further 
inland.  The  point  of  disturbance,  from  which  these  remarkable 
waves  radiated,  is  still  unknown  to  us.  The  focus  of  the  great 
Peruvian  earthquakes  of  1868  was  near  the  city  of  Arica,  where 
the  first  shocks  were  felt  at  4}  p.  m.,  Aug.  13.  The  resulting 
earthquake  wave  reached  our  islands,  a  distance  of  6,000  miles  to 
the  northwest,  late  at  night  upon  the  same  day^  and,  traveling 
toward  the  southwest,  reached  the  harbor  of  Lyttleton,  New 
Zealand,  at  4i{  o^clock  in  the  morning  of  the  15th.  Making  the 
allowances  in  time  required  by  a  diflerence  in  longitude  of  243  deg. 
18  min.  (counting  eastward),  it  appears  that  the  wave  occupi^ 
but  19  hours  and  17  minutes  in  making  the  latter  distance  of  7,200 
miles.  This  makes  368  miles  per  hour,  or  540  feet  per  second, 
about  half  the  nominal  velocity  of  a  cannon-balL  On  the  23d  of 
December,  1854,  a  similar  wave  was  transmitted  across  the  entire 
breadth  of  the  Pacific  Ocean,  from  Japan  to  California,  in  12  hours 
and  38  minutes.  The  ^reat  earthquake  wave  of  April  20,  1868, 
passed  from  our  Hawaiian  shores  to  the  coasts  of  Mexieo,  Cali- 
fornia, and  Oregon,  in  five  hours'^  time,  as  indicated  by  self- 
registering  tide-gauges  at  San  Francisco  and  Astoria,  which  an- 
nounced its  arrival  upon  the  evening  of  the  same  day  in  which 
it  had  desolated  the  coasts  of  Puna  and  of  Ea-u.  These  waves  are 
entirely  distinct  from  the  tidal  swing  of  the  ocean,  and  are  proper 
waves  of  tratiskUion. — Nl  Y.  Tribune. 
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I  returned  to  Hilo  by  the  coast-route,  experiencing  occasional 
earthquakes  by  the  way,  some  of  them  a  little  starthng.  These 
still  continue  at  intervals;  but  we  are  inclined  to  expect  a  season 
of  comparative  volcanic  quiet  at  present,  and  have  no  sensation,  in 
the  way  of  natural  phenomena,  in  definite  prospect  earlier  than 
the  transit  of  Venus  m  1874.  We  are  already  promised  visits  by 
scientific  observers  upon  that  occasion. 

5.  A  TreaUae  on  Ore  Deposits  ;  by  Bbbnhabd  von  Cotta, 
Professor  of  Geology  in  the  Koyal  Saxon  School  of  Mines ;  trans- 
lated from  the  second  German  edition,  by  Fbbderick  Prims,  Jr., 
Mining  Engineer.  694  pp.  8vo.  New  York,  1870.  (D.  Van  Nos- 
trand). — Mr.  Prime  has  done  a  good  thing  for  all  interested  in  the 
study  of  ore  deposits,  in  giving  ^s  a  translation  of  Van  Cotta's 
''  Erzlagerst&ttenlehre."  This  book  has  long  been  the  standard 
authority  in  Grermany,  and  we  are  fortunate  in  now  having  an 
edition  of  it  in  English,  which  is  even  more  complete  than  the  last 
Grerman  edition,  as  Mr.  Prime  not  only  had  the  approval  and  per- 
mission of  the  author,  to  translate  the  work,  but  Prof  v.  Cotta 
also  has  made  alterations  and  furnished  additions  to  it,  so  that  it 
is  in  reality  a  new  edition.  The  work  commences  with  a  general 
discussion  of  the  different  kinds  of  metalliferous  deposits,  covering 
some  90  pages,  and  then  takes  up,  by  way  of  illustration,  the  de- 
scription of  the  most  important  mining  districts  of  Europe,  closing 
with  a  chapter  of  theoretical  considerations,  suggested  by  the  ob- 
served facts.  We  trust  that  the  publication  of  this  excellent  work 
will  inspire  .our  mining  engineers  and  geologists  with  a  sense  of 
the  importance  of  carefully  observing  and  recording  the  facts  con- 
nected with  the  occurrence  of  ore  deposits  in  this  country.  The 
work  already  done  by  some  of  our  best  observers,  especially  such 
admirable  researches  as  those  of  Prol  J.  D.  Whitney  on  the  Up- 
per Mississippi  lead  region,  shows  what  may  be  done.  The  forth- 
coming reports  of  the  California  survey,  and  of  the  survey  of  the 
40th  parallel,  will  undoubtedly  furnish  a  large  amount  of  new  ma- 
terial, which,  with  the  facts  already  published  in  various  geologi- 
cal and  mining  reports,  might  form  the  basis  of  a  work  on  Ameri- 
can "  ore  deposits,"  that  would  very  appropriately  supplement  Mr. 
Prime's  translation  of  von  Cotta's  book,  and  give  a  still  further 
impulse  to  this  important  study. 

6.  Notice  of  Asbestos  and  Corundum  with  other  Jllinerals  at 
Pelham^  Mass.:  by  J.  H.  Adams,  Senior  in  Amherst  College. — In 
the  towns  of  Pellumi  and  Shutesbury,  Mass.^  there  are  several 
localities  of  asbestus,  known  to  the  mineralogists  in  this  part  of 
the  state,  although  no  special  mention  is  made  of  them  m  any 
scientific  work,  they  being  scarcely  noticed  in  the  geological  sur- 
vey. Surface  specimens  of  indifferent  quality  have  been  common 
in  collections  for  years.  Dark  colored  pieces,  hard  and  compact, 
have  sometimes  passed  for  petrified  wood,  to  which  there  is  a 
strong  resemblance.  The  most  noted  of  those  localities,  is  on  the  land 
of  Mr.  Samuel  Newell  in  Pelham.  Recent  excavations  to  obtain 
asbestus  for  economical  purposes  reveal  its  presence  here  in  great 
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quantity.  Much  of  it  is  soft,  of  a  erayifih-white  color,  composed 
of  delicate  parallel  fibers,  often  one  loot  in  length,  with  a  marked 
cross  cleavage  oblique  to  the  fibers,  as  in  homblenda 

Intimately  associated  with  the  asbestus,  is  an  altered  mica, 
allied  to  vermiculite  or  jefierisite.  This  appears  in  irregular  veins, 
separated  by  a  decomposed  asbestiform  mineral,  and  ^pitnular 
actinolite,  which  crumDles  upon  exposure.  It  occurs  m  loose 
foliated  scales  and  small  angular  aggregations,  occasionally  several 
inches  in  size.  Hardness,  about  1*5.  Luster  pearly,  sometimes 
metallic.  Color  light  brass-bellow  to  yellowish  brown,  scarcely 
transparent,  even  in  very  tmn  folia.  Flexible,  inelastia  Before 
the  blowpipe  exfoliates  remarkably,  and  at  last  fuses  slightly  on 
the  edges.  This  property  however  is  variable.  Of  five  specimens 
taken,  only  two  exfouated  in  a  marked  degree.  The  lanun»  after 
heating  appear  as  if  melted  or  pressed  together,  and  not  readily 
separating.  It  differs  in  this  respect  from  the  jefierisite  of  West- 
chester, ^a.,  but  seems  to  resemble  it  in  optical  charactera  Both 
exhibit  a  six-rayed  astersim,  although  from  its  extreme  opacity  a 
sufficient  thin  lamina  of  the  Pelham  mineral  is  obtained  with 
difficulty. 

These  veins  of  altered  mica  are  free  from  admixture  with  soil 
or  other  minerals ;  and  the  substance  is  often  so  loose  as  to  be 
readily  displaced  by  the  hand  without  the  aid  of  a  pick.  Farmers 
use  it  as  an  absorbent  for  bedding  cattle.  Might  it  not  be  of 
service  in  other  ways  ?* 

Not  the  least  interesting  circumstance,  however,  is  the  presence 
at  this  spot  of  corundum.  Flattened  masses  of  brownish-black 
mica,  superior  in  hardness  to  the  surrounding  mineral,  contain 
nodules  of  corundophilite  which  inclose  a  white  corundum.  It 
is  often  streaked  of  a  deep  sapphire  blue.  This  is,  I  think,  the 
second  observation  of  the  kind  in  northern  New  England,  the 
other  locality  being  at  Chester.  It  rarely  occurs  in  situ,  and  in 
small  quantity ;  but  doubtless  farther  excavations  will  develop 
more  valuable  specimens.  The  locality  promises  considerable 
interest  to  the  mmeralogist ;  and  it  is  believed  that  the  aebeetus 
may  prove  of  sufficient  value  to  warrant  mining. 

Amherst  Oollege,  Nov.  13,  1869. 

7.  Note  on  the  Remains  of  Fossil  Birds;  by  O.  C.  Marsh. — 
Just  after  the  article  on  pages  205  to  217  haa  gone  to  press,  I 
received  from  Professor  F.  V.  Hayden  a  unique  specimen,  which 
forms  a  most  interesting  addition  to  the  fossil  bird  remains  there 
described.  It  is  the  distal  portion  of  a  large  feather,  with  the 
shaft  and  vane  in  such  excellent  preservation,  that  it  may  perhaps 
indicate  approximately  the  nature  of  the  bird  to  which  it  belonged. 
The  specimen  was  discovered  in  a  fresh- water  Tertiary  deposit,  of 
the  Green  River  group,  in  Wyoming  Territory,  and  will  be  figured 
and  described  in  full  with  the  osseous  remains  noticed  in  the 
above  article. 

*  A  simnar  mineral  is  used  in  Europe  for  landing  paper,  in  plaoe  of  blotten. 
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8.  The  Dinomis  and  Sawricm  remains  in  Attstralia  j  by  Rev. 
W.  B.  Clakkp. — A  femur  of  a  species  of  Moa  or  Dinorms  has  been 
announced  by  Rev.  W.  B.  Clarke  as  found  in  the  Pleistocene  drift 
of  Peak  Downs,  Australia.  The  femur  was  probably  buried  in  a 
fresh  water  fluyiatile  drift,  over  which  was  formed  a  lacustrine 
deposit.  Mr.  Clarke  regards  the  discovery  as  evidence  of  the 
former  connection  of  Australia  and  New  Zealand,  and  makes  the 
following  additional  observations  on  the  subject.  ''  Returning,  in 
conclusion,  to  the  supposed  connections,  in  former  geological  times, 
of  New  Zealand  and  Australia,  a  fresh  testimony  has  been  offered 
to  me  within  the  last  few  days,  in  the  statement  of  a  discovery 
during  the  last  few  months  of  abundant  remains  of  Saurian  rep- 
tiles ^ong  the  Waipara  River  in  New  Zealand,  of  the  same  kind 
as  those  which  have  been  found  to  occur  along  the  Flinders  River 
in  Queensland,  and  which,  in  addition  to  the  Plesiosaurus  dis- 
covered by  the  same  friend,  Mr.  Hood,  show  that  there  was  a 
similar  geological  fauna  in  times  as  far  back  at  least,  as  the 
Cretaceous  period.  The  Plesiosaurus  was  mentioned  in  my  paper 
*0n  recent  geological  discovmes  in  Australasia'  (1861).  Al- 
though now  the  flora  is  dissimilar,  yet  there  is  evidence  that  in 
even  earlier  geological  times,  such  as  our  Carboniferous  epoch,  for 
instance,  there  was  a  similar  flora. 

''  The  views  I  have  adopted  lead  me  to  maintain,  that  we  in  Aus- 
tralia inhabit  only  a  fragment  of  a  vast  continent,  of  which  in  New 
Zealand  there  was  probably,  as  there  still  is,  the  culminating  rid^ 
or  the  highest  portion  of  Pacific  dry  land.  That  this  opinion  is 
not  without  support,  I  find,  by  a  passage  in  Dr.  MantelPs  account 
of  his  son's  discoveries  of  Dinorms.  Without  remembering  that 
passage  (which,  indeed,  I  am  not  sure  I  ever  read  till  this  evening), 
1  have  expressed  myself  in  language  nearly  identical  with  that  of 
Dr.  Mantell,  who  says,  in  1860,  'It  seems  probable  that  these 
stupendous  animals  were  not  anciently  confined  within  the  narrow 
limits  of  modem  New  Zealand,  but  ranged  over  a  vast  continent, 
that  is  now  afubmerged^  and  of  which  the  isles  of  the  Pacific  are 
the  culminating  points.' " 

9.  Synopsis  of  the  Mctinet  MammaUa  of  the  Cave  Formations 
in  the  United  States^  with  observations  on  some  Myriapoda  found 
in  and  near  the  sams^  and  on  some  Mctinet  Mammals  of  the  Caves 
of  AnguiUa^  W.  Z,  and  of  other  localities  ;  by  Edward  D.  Copb. 

iFrom  the  Proceedings  of  the  American  Pfaolosophical  Society, 
Philadelphia,  vol.  xi,  p.  171,  1869.) — ^This  includes  an  account  of 
remains  of  mammals  aiscovered  in  a  cave  breccia  in  Wythe  county, 
Virginia,  by  the  author,  among  which  several  extinct  forms  occur- 
red associated  with  existing  species.  The  new  species  are  Stereo- 
dectes  tortus  (gen.  et  sp.  nov.)  allied  to  Arctomys;  Tamias  losvi- 
dens  ;  Sdurus  panolius  ;  Mixopham»  speUeus:  Galera  perdioida. 
Associated  extinct  species  are  Megalonyx  Jeffersonii;  Tapirus 
Haysii  ;  Dicotyles  nasutus  ;  Ursus  amplidens^  and  others.  Among 
the  recent  species  are  Castor  fher ;  Neotomaf  Floridanaum; 
Lepus  sylvaticus ;  Caricunts  {Cervus)  Virginianus ;  Procyon 
Am.  Joub.  Sol— ^boohd  Sbbibs.  Vol.  XLIX,  No.  146.— Maboh,  1870. 
18 
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htOTy  etc.  The  species  previously  described  by  Le  Conte  and  Leidy, 
from  a  similar  deposit  in  the  lead-bearing  limestone  of  Galena, 
IlLy  are  also  included  in  the  list.  The  whole  number  of  species  is 
27,  of  which  14  are  extinct  and  represent  6  extinct  genera^  while 
6  genera  are  of  "  neotropical  type.^'  Seven  species  of  land  shells, 
and  remains  of  reptiles  and  birds  were  also  found.  The  species  of 
Myriapoda  obtained  are  enumerated  and  several  new  species  and 
a  new  genus,  AndrogncUhuSj  are  described.  In  the  second  part  <^ 
the  paper  two  genera  of  gigantic  rodents  from  Anguilla  are  des- 
cribed :  Amblyrhiza  inundata  and  Loocomylaa  longidens.  In  coik- 
nection  with  these  a  human  instrument  of  shell  was  discovered. 
The  third  contains  descripti<His  of  AnopUinoisa  farcipcUOj  a  new 

fenus  and  species  of  Cetacea  from  near  Savannah,  Georgia,  and 
lemicattloaon  eff'odienSy  a  large  Sirenian  allied  to  the  Dugong, 
from  the  Eocene  Marl  of  Monmouth  county,  N.  J.  v. 

10.  27ie  Exstinct  Mammalian  Fauna  of  Dakota  and  Nebraska^ 
including  an  account  of  some  allied  forms  from  other  localities, 
together  with  a  Synopsis  of  the  Mammcdian  remains  of  North 
America^  illustrated  with  30  plates;  by  Joseph  Leidy,  M.D., 
LL.D.,  Professor  of  Anatomj  in  the  University  of  Pennsylvania ; 

? receded  with  an  introduction  on  the  Geology  of  the  Ihrtiary 
^brmations  of  Dakota  oflnd  Nebraska^  accompanied  vrith  a  map ; 
by  F.  V.  Hatden,  M.D.,  Professor  of  Mineralogy  and  G^logy  in 
the  University  of  Pennsylvania,  etc.  VoL  VI^  of  2nd  series,  of 
the  Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia. 
Philadelphia,  1869. — In  this  large  and  beautiful  volume,  issued  by 
the  Acaaemy  of  Sciences  of  Philadelphia,  Dr.  Leidy  has  given  a 
thorough  revision  of  all  his  own  labors  and  those  of  others,  with 
regard  to  the  ancient  Mammalian  Fauna  of  the  Upper  Missouri 
region.  As  he  observes  in  his  preface,  the  materials  for  this 
work  '^  have  been  graduallv  and  continuously  accumulating  for 
tiie  last  twenty-three  years. '  Through  the  new  facts  which  nave 
come  to  light,  the  author  has  been  enabled  to  revise  his  former 
determinations  of  species,  and  to  write  out  the  characteristics  of 
each  with  far  more  precision  and  fullness.  The  synonymy  is  well 
worked  up  and  contains  many  points  of  historical  interest.  The 
value  of  the  work  is  much  enhanced  by  the  addition  of  the 
*'  Synopsis  of  the  Mammalian  remains  of  North  America,"  which 
occupies  84  pases  of  the  voluine,  and  must  have  cost  the  author  a 
vast  amount  of  labor.  The  thirty  lithographic  plates  show  exact- 
Bess  in  delineation,  and  illustrate  not  only  the  species  of  the  Ne- 
braska region,  but  also  several  of  those  of  other  parts  of  the  coun- 
try- 

A  large  part  of  the  personal  observations  on  the  geology  of  the 
region,  and  of  the  collections  of  its  fossils  have  been  made  by 
Prof  F.  V.  Hayden,  and  it  is  therefore  especially  appropriate  that 
the  introductory  chapter  should  have  come  from  his  ]>en.  A  large 
oelored  n^ap  of  ths  geology  of  the  region  aoc<(mpanies  the  work 
which  was  also  prepared  by  Prof  Hayden.  A  further  analysis  of 
4he  work  ire  have  to  defer  to  another  occasicm. 
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11.  On  the  Oeology  of  the  NevD  Haven  Region,  with  special 
reference  to  the  orign  of  its  Topographical  fe€Uures ;  by  James  D. 
Dana.  70  pp.  8vo,  with  a  map.  From  vol.  II,  of  the  Transactions 
of  the  Connecticut  Academy. — The  aathor  concludes,  from  the 
facts  brought  out  in  this  paper,  ^^  that,  by  special  facts,  and  by  the 
course  of  events,  this  region  in  the  Glacial  era,  like  that  of  New 
England  to  the  North,  was  moulded  at  surface  largely  by  the 
action  of  the  C5onnectiout  valley  glacier  and  its  underflowing 
streams,  and  covered  through  the  subsequent  melting  of  the  iee, 
with  stratified  and  unstratified  drift-formations  simultaneously; 
that  icebergs  had  no  part  in  the  matter,  and  the  supposed  iceberg 
sea  over  New  England  no  existence." 

12.  On  the  Mixture  of  Gretaceovs  and  Eocene  Foesile ;  by  T.  A, 
Conrad,  (communicated  for  this  Journal). — We  frequently  hear  of 
passage  beds  between  the  Chalk  and  Eocene,  but  the  evidence  is 
never  produced  which  would  show  a  gradual  transition  from  one 
to  the  other.  It  has  been  said  that  m  California  such  beds  have 
been  found ;  but  Mr.  Gabb  in  his  extensive  explorations  did  not  ob- 
serve them.  The  collection  of  fossil  shells  which  he  considered  a 
newer  Cretaceous  formation,  and  designated  as  No.  B  is  now  in 
the  collection  of  the  Academy  of  Natural  Sciences,  and  a  careful 
revision  of  the  species  fails  to  enable  us  to  detect  one  recognized 
form  of  the  Cretaceous  Period  of  California,  or  anywhere  else.  It 
is  a  peculiar  group,  however,  unlike  any  other  known.  A  glance 
at  the  large  Venericardia  Sbmii^  will  strike  any  one  accustomed 
to  compare  the  Chalk  and  Eocene  fossil  shells  as  peculiarly  indica- 
ting the  Eocene.  This  statement  of  the  distinct  character  of  dif- 
ferent formations,  takes  no  account  of  those  local  mixtures  of  fos- 
sils which  are  easily  traced  to  disturbances  in  the  bed  of  the  ocean. 

13.  Diamonds  in  Australia^ — A  letter  from  the  Austrian  Consul 
in  Australia,  to  Mr.  Hochstetter  of  Vienna,  announces  that  the 
diamonds  of  Australia  are  remarkable  for  size  as  well  as  beauty. 
They  vary  in  weight  from  half  a  carat  to  160.  One  found  on  the 
property  of  the  Consul,  was  of  the  first  water,  and  weighed  30^^ 
carats;  and  another,  of  46  carats,  was  sold  in  London  at  128,000 
francs.  The  region  especially  abundant  in  diamonds  is  the  frontier 
of  the  Orange  Kiver  country,  at  Sikatlory. — Les  Mondes^  Jan  13. 

14.  The  ^pyornis  of  Madagascar. — MM.  Alp.  Milne-Ed- 
WABD8  and  Alf,  Grandidieb  describe  in  Comptes  Rendus,  11th 
Oct.  1869,  certain  curious  anatomical  peculiarities  of  the  bones  of 
the  -^pyomis,  and  they  observe  "that  it  belongs  to  a  group  of 
shortwmged  birds,  but  constitutes  amongst  them  a  type  character- 
ized by  its  massive  forms,  and  by  feet  of  a  size  difficult  to  conceive. 
It  must  be  placed  beside  the  dinornis  and  auteryx,  although  it  is 
removed  from  them  by  important  features  oi  its  organization,  and 
by  the  pneumaticity  of  its  thigh  bones.  The  height  of  this  bird 
was  much  less  than  J.  Geoffroy  St.  Hilaire  thought.  Taking  the 
length  of  its  foot  as  a  basis  of  calculation,  the  Madagascar  bird 
scarcely  exceeded  two  metres,  which  is  the  height  of  a  large  os- 
trich, while  the  Dinornis  giganteus  varied  from  two  and  a  half  to 
three  metres.     But  if  the  ^pyomis  is  not,  as  was  supposed,  the 
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biggest  of  all  these  birds,  it  is  the  stoutest,  the  most  massive,  the 
most  elephantine,  if  we  may  so  express  it." — Student^  Nov,  1869. 
16.  Preliminary  Notice  of  the  Zamellibranchiate  Shells  of  the 
Upper  Helderberg^  Hamilton  and  Chemung  Groups;  [Pr^aratory 
Studies  for  tht  Palaeontology  of  New  York] ;  part  2  ;  by  Jambs 
Hall.  80  pp.  8vo.  State  CoL  Nat.  Hist.  1869. — This  paper  by 
Prof.  Hall  contains  descriptions  of  several  new  genera  and  species, 
and  revised  references  of  other  old  species.  The  new  genera 
are  Pal^aneilo  for  Nucvlites  constricta  Conrad,  etc. ;  Limoptera 
for  Lima  macroptera  Conrad ;  Mytilabca  for  Megambonia  ovaia 
Hall,  etc. ;  Pholadella  for  Nueulites  radiata  Conrad ;  Ciiotarli 
for  Cypricardites  corrugata  Conrad,  etc. ;  Phthonia  for  Cwri- 
cardites  sectifrons  Conrad ;  Modiomopha  for  Gypr,  oblonga  Con. 
and  Modiola  concentrica  Hall,  etc. 

III.   ZOOLOGY. 

1.  MoUuscan  Fauna  of  New  Haven,  A  critical  review  of  all 
the  Marine^  Fresh  Watery  and  Land  MoUusca  of  the  region^  with 
descriptions  of  many  of  tJie  living  animals  and  of  two  new  m^ecies/ 
by  Geo.  H  Perkins,  Ph.D.  From  Proceedings  of  the  Boston 
Society  of  Natural  History,  November  and  December,  1869. — ^The 
total  number  of  species  given  in  this  catalogue  is  162 ;  of  these 
91  are  Gasteropods  (51  marine);  54  Lamellibranchs  (40  marine). 
Of  the  91  marme  species  60  are  said  to  occur  north  of  Cape  Cod ; 
18  in  Labrador ;  8  m  Greenland ;  8  in  Europe ;  5 1  extend  to  South 
Carolina  and  some  of  them  farther ;  Si  occur  in  the  Post  Pliocene ; 
26  in  the  Pliocene;  19  in  the  Miocene.  A  list  of  65  species 
recorded  from  LongL  Sound,  but  not  yet  found  at  New  Haven,  is 
ffiven  at  the  end.  The  two  new  species  described  and  figured  are 
jNassa  fretensis  (like  N  vibex)  ana  Astarte  lutea  (allied  to  A,  sul- 
cata), A  new  generic  name,  in  errata  Tottenia  (by  error  Totten- 
iana)  is  proposed  for  Venus  gemma  Totten,  and  Crassivenus 
instead  ot  J^fercenaria  for  Ventis  mercenaria  Linn.,  the  name,  mer- 
cenaria^  being  objectionable  because  properly  a  specific  name  and 
an  adjective,  Mytilus  ham>at7is  Say  is  referred  to  £rachydonteSy 
and  Pleurotoma  brunnea  is  proposed  for  P.  plicata  Adams. 

The  synonomy  is  far  from  complete,  and  although  completeness 
could  hardly  be  expected  ii>  a  catalogue  of  this  kind,  yet  it  seems 
desirable  to  give,  if  any,  such  references  as  are  necessary  to 
explain  the  nomenclature  adopted  and  the  principal  synonyms  in 
all  cases.  But  besides  want  of  completeness  there  are  many  posi- 
tive errors  that  are  scarcely  excusable  even  in  a  local  list.  In 
looking  it  over  casually  the  following  errors  were  noticed,  besides 
others  of  less  importance. 

Thus  "  Melantho  decisa  Binney,"  should  have  H.  &  A.  Adams 
as  authority,  and  "  Vivipara  decisa  Gill "  in  the  synonymy,  should 
be  M.  decisa  Gill,  instead  of  omitting  the  reference  entirely  (as  in 
errata),  for  Prof  Gill  was  the  first  to  correctly  limit  the  two 
genera,  as  found  in  this  country. 
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The  "  Cytherea  Sayii  Conrad,"  p.  147,  should  be  CytJierea  Say- 
ana  Conrad,  Jour.  Phil.  Academy,  vol  vii,  p.  124,  1834;  the  refer- 
ence to  Grould,  "  p.  34,"  should  be  p.  84 ;  "  CaUista  convexa  Say," 
should  be  Cytherea  convexa  Say ;  and  finally  the  correct  reference 
for  "  CaUista  convexa^^  is  Adams'  Gen.,  ii,  p.  426.  This  species  is 
really  a  CaUista^  unless  we  adopt  R5mer^s  subgenus,  Caryatis,  to 
which  it  also  belongs.  But  Conrad's  grounds  for  rejecting  Say's 
name,  convexa^  seem  to  be  insufficient, — at  least  I  am  unable  to  find 
another  species  of  CaUista  with  the  same  name.  *'  Mercenaria 
violacea  Stimpson,"  should  be  M,  violacea  Schumacher, "  Modiola 
modiolus  Linn,"  should  read  M,  modiolus  Turton,  (Myiilus  modi- 
olus Linn.),  and  3f,  barbatus  is  no  doubt  a  distinct  Mediterranean 
species.  "  Scapharca  transversa  Say,"  should  be  8.  transversa  H. 
&  A.  Adams,  (Area  transversa  Say). 

The  following  names,  quoted  as  having  Stimpson  (Check  List), 
Tryon,  Conrad,  etc.,  as  authorities,  are  found  in  H.  cc  A,  Adams' 
Genera  of  Recent  Mollusca,  and  some  of  them,  perhaps,  in  earlier 
works : — Amycla  Gouldiana^  A.  dissimilis^  Tritia  trivittata^  Ce- 
rithiopsis  Emersonii^  Jjunatia  heroSy  L,  triseriata,  Turhonilla 
interrupta^  T.  nivea,  Mdantho  decisa,  Bittium  Ghreenii^  Tectura 
testudinaliSy  Martesia  cunei/ormis,  XyloPrya  palmidata,  Siligua 
costata^  Angulus  tenera^  A,  polita^  Peronea  tenta^  Macoma  fusca^ 
Brachydontes  pUcattUa,  Scapharca  transversa,  v. 

IV.    ASTRONOMY. 

1.  Elements  of  Asteroid  (109) ;  by  E.  H.  F.  Peters,  of  the 
Litchfield  Observatory  of  Hamilton  College.  Communication  dated 
Clinton,  Oneida  Co.,  N.  Y.,  November  26,  1869.*— The  following 
elements  of  asteroid  (109)  are  computed  from  my  observations  of 
Oct.  9,  20  and  31. 

Epoch  1869,     Oct  0*0  Berlin  mean  time. 
Mean  anomaly,  337**     1'  3"-35. 

Longitude  of  perihelion,      66   63  48*04.  ) 
Lonptude  of  node,  4   61  46*43.  >  Mean  Equ.  1870*0 

Inclination  of  ecliptic,  7    66  66'56.  ) 

Angle  of  eccentricity,  17   26  14*13. 

Mean  daily  motion,  809"*680. 

Logarithm  of  major  semi-axis,  0*4278314. 

V.   MISCELLANEOUS  SCIENTIFIC   INTELLIGENCE. 

1.  On  Force  and  Will ;  by  B.  A.  Gould. — (We  copy  the  follow- 
ing from  an  able  address  of  Dr.  Gould,  at  a  meeting  of  the  Amer- 
ican Association  last  August,  at  Salem,  Mass.,  as  retiring  Presi- 
dent of  the  Association.) — 

Scientists  are  now  of  accord  that  "  force  can  neither  be  created 
nor  destroyed,''  and  that  "the  quantity  of  force  in  nature  is  lust 
as  eternal  and  unalterable  as  the  quantity  of  matter."     Its  various 

*  Thia  announoement  was  issued  on  a  loose  slip  in  connection  with  the  January 
number  of  this  Journal. 
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forms  are  eminently  convertible,  yet  utterly  indeBtractible.  And 
to  avoid  that  fraitful  source  of  disagreement  among  the  ablest 
men,  which  has  arisen  from  the  ambiguous  signification  of  the 
word,  we  must  adopt  the  meaning  which  is  finding  general  ae- 
ceptance,  and  define  force  as  "  that  which  is  expended  in  produ- 
cing or  i^esisting  motion;"  thus  clearly  discriminating  between 
force  and  its  cause. 

In  his  retiring  address  before  this  Association,  last  year,  oar 
honored  ex-president  Dr.  Barnard  presented  an  argument,  so 
vigorous  and  clear  that  I  see  no  room  for  an  adequate  rejoiner,  in 
opposition  to  the  doctrine  which  would  extend  the  principle  of 
the  conservation  of  force  to  the  phenomena  of  consciousness,—"  a 
philosophy  which  at  the  present  day  is  boldly  tau^t  in  public 
schools  of  science,  and  which  numbers  among  its  disciples  many 
very  able  men."     He  says,  for  instance : — 

"  Organic  chaoges  are  physioal  effeots,  and  maj  be  received  without  hesitation 
as  the  representative  equivalents  of  physical  forces  expended.  But  sensation,  will, 
emotioQ,  passion,  thought,  are  in  no  conceivable  sease  physical." — [iVoc  Amer, 
AssoCy  Chicago^  p.  89.J 

'*  The  philosophy,  which  makes  thought  a  form  of  force,  makes  thought  a  mode 
of  motion ;  converts  the  thinking  being  into  a  mechanical  automaton,  whose  sen- 
sations, emotions,  intellections,  are  mere  vibrations  produced  in  its  material  sub- 
stance by  the  play  of  physical  forces,  and  whose  conscious  existence  must  forever 
cease  when  the  exhausted  organism  shall  at  length  fail  to  respond  to  these  exter- 
nal impulses."— [i&k^,  p.  91.] 

*'  Thought  cannot  be  physical  force,  because  it  admits  of  no  measure.  *  ^  A 
thing  unsusceptible  of  measure  cannot  be  a  quantity,  and  a  thing  that  is  not  even 
a  quantity  cannot  be  a  force."—  [Ibid.  pp.  93,  4.] 

Before  the  cogent  reasoning  carried  out  by  President  Barnard, 
of  which  the  general  tenor  is  indicated  by  these  quotations,  the 
view  that  force  affords  a  middle  term  between  the  moral  and  the 
material  worlds  can  be  sustained  as  little  as  the  pure  materialism 
against  which  the  argument  was  directed.  But  if  we  ascend  a 
grade  higher,  and  consider  that  which  guides  and  compels  force, 
as  force  guides  matter,  I  am  disposed  to  believe  that  the  problem 
may  be  nearer  to  a  solution.  Yet  I  offer  my  views  with  hesitation, 
not  unmindful  of  the  great  thinkers  who  have  considered  these 
exalted  topics,  and  shrinking  from  the  rebuke  of  presumption. 

There  is  an  elegant  experiment,  in  which  the  tension  of  a  spring 
is  made  to  produce  heat  by  percussion,  thus  developing  the  cur- 
rent from  a  thermo-electric  battery,  which  by  successive  modifi- 
cations ot  its  force  exhibits  heat,  chemical  action,  ma^etic  at- 
traction, and  finally  bends  another  spring ;  the  same  original  force 
successively  appearing  in  all  these  various  manifestations  until  it 
is  reSstabiished  in  its  primitive  form.  In  such  an  experiment  the 
imperfections  of  the  apparatus  would  of  course  entail  some  loss  at 
each  successive  step,  and  thus  preclude  the  practical  recovery  of 
an  available  force  equal  to  that  expended  m  the  original  flex- 
ure of  the  spring.  Yet  the  fact  is  beyond  question  that  such  loss 
is  due  solely  to  the  inadequacy  of  our  implements  for  collecting 
and  transmitting  the  force  at  each  sta^e  of  the  experiment ;  for 
the  law  of  conservation  teaches  that  it  is  in  every  instance  con- 
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Terted  into  other  form  or  forms  withoat  diminntion.  Could  such 
an  apparatas  be  constmcted  with  theoretical  perfection,  it  would 
represent  an  eternal  circnit  of  force;  and,  like  the  frictionless 
pendulnm  in  a  vacuum,  it  would  exhibit  a  perpetual  motion,  after 
the  needful  impulse  had  once  been  applied.  The  spriug  would 
oscillate  forever,  did  no  extraneous  force  oppose,  whether  the 
force  producing  its  rebound  were  or  were  not  transmitted  through 
a  chain  of  modifications. 

In  this  inert  apparatus  no  force  whatever  would  have  been  em- 
bodied, yet  qualities  would  have  been  implanted  by  design,  which 
would  compel  an  indestructible  force,  applied  to  it,  to  play  the 
part  of  an  unwilling  Proteus.  The  influence  seems  unavoidable 
that  force  may  be  guided  and  controlled,  compelled  to  exert  itself 
in  this  or  that  shape,  without  the  outlay  of  any  other  force  for 
the  purpose.  If  it  be  objected  that  it  is  an  intrinsic  law  of  force 
that  it  shall  change  its  form  in  exerting  itself,  the  case  is  in  no- 
wise altered  by  the  expression  of  this  truism.  Our  design  has 
prescribed,  and  (extraneous  force  being  absent)  might  indefinitely 
prescribe,  the  modes  and  directions  in  which  that  constant  force 
should  manifest  itself. 

Muscular  force  is  directed,  and  in  its  vital  action  is  usually  con- 
trolled, by  will.  If  we  assume  it  to  be  coequal  with  the  expendi- 
ture of  tissue,*  measurable  alike  by  its  transferred  results  and  by 
the  decomposition  of  this  tissue,  where  and  what  is  that  power 
which  lets  loose  or  withholds  this  force,  and  whose  action  is  at- 
tended by  a  conscious  effort  ?  It  is  the  will, — a  something  which 
directs  and  controls  force  without  expending  it.  Not  only  are 
thought  and  forms  of  consciousness  not  forces,  if  the  reasoning 
alread V  adduced  be  correct,  but,  although  often  moral  incentives  to 
the  will,  they  are  not  even  motive  energies,  in  the  sense  in  which  I 
think  we  must  concede  the  will  to  be  such.  It  is  true  that  the 
exercise  of  thought  b  followed  by  fatigue,  yet  it  is  not  attended 
by  a  sense  of  effort,  except  in  so  far  as  it  is  directed  by  an  exer- 
tion of  the  will.  And  although  the  former  doubtless  consumes 
tissue,  have  we  any  reason  for  believing  that  the  exercise  of  will 
does  the  same,  apart  from  that  consumption  which  corresponds  to 
the  forces  whose  mode  of  action  it  prescribes  ? 

Thus  it  would  appear  that  the  metamorphosis  of  force,  though 
not  "  work  done  "  in  the  mechanical  sense,  is  the  result  of  some 
definite  mode  of  causation.  What  this  causation  is,  and  whether 
it  is  susceptible  of  measurement,  are  the  next  questions.  In  the 
same  category  with  this  agency,  or  energy,  or  influence,  the  vital 
principle  would  seem  to  belong, — directing  forces  while  it  neither 
expends  nor  consumes  them.  In  the  growth  of  organic  beings, 
unstable  combinations  are  formed,  and  organized  structures  are 
thence  reared,  in  which,  as  Kant  has  so  beautifully  said,  ^  all  parts  ' 
are  mutually  ends  and  means."  If  in  such  organic  development 
force  is  consumed,  disorganization  without  decomposition  ought 

*  Even  if  it  be  also,  to  some  extent,  supplied  by  the  disorganization  of  food  not 
fiillj  converted,  the  argnment  is  not  thereby  affected. 
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to  evolve  it  Of  the  deposit  of  force  in  the  anstable  material  of 
the  tissues,  I  am  not  speaking,  bat  of  the  vitality  itself,  which 
represents  an  energy  requisite  for  the  development  and  growth  of 
organisms, — their  dissolution  being  in  turn  attended  by  develop- 
ment ot  inferior  forms  of  life,  which  suggest  that  this  energy  may 
have  again  been  made  available, — an  energy  too  which  is  not 
"force,"  as  this  term  has  just  now  been  defined. 

No  comparison  can  be  drawn  between  vitality  and  those  molec- 
ular forces  which  build  the  crystal.  Crystaline  forms  arise  when 
the  molecular  attractions  enjoy  the  freest  scope,  and  their  con- 
struction must  be  attended  by  an  evolution  of  force,  which  ought 
to  be  recognizable  by  physical  tests,  and  which  should  also  be 
measurable  by  an  excess  of  their  resistance  to  solution,  over  that 
of  comparatively  amorphous  masses  of  the  same  material,  in  which 
equal  weights  present  equal  surfaces. 

So,  too,  not  only  in  that  individuality  which  life  confers  and  in 
the  impossibility  of  insulating  or  transferring  vitality,  but  also  in 
its  hereditary  character  and  its  apparent  susceptibility  of  indefi- 
nite increase  or  diminution,  the  vital  energy  violates  our  funda- 
mental conceptions  of  force,  and  demands  a  separate  cates^ory, 
seeming  to  belong  in  the  same  with  will  If  will  and  life  be  forms 
offeree,  their  total  amount  must  be  limited  by  the  law  of  conser- 
vation. If,  on  the  other  hand,  they  are  outside  the  realm  of  forces, 
we  may  more  readily  indulge  the  conviction  to  which  experience 
would  lead,  that  their  freedom  is  unfettered  by  any  restrictions 
within  our  knowledge, — each  injoying  an  indefinite,  though  possi- 
bly a  correlated  scope  in  its  own  domain.  The  indestructibility 
of  both  matter  and  force  implies  a  fixed  coefficient  of  force  for 
matter  in  equilibrium ;  but  how  great  is  the  contrast  offered  in 
this  respect  by  such  energies  as  life  and  will ! 

Now  if  this  reasoning  be  correct,  we  may  have  in  this  class  of 
energies  that  middle  term,  so  earnestly  desired  and  so  intensely 
needful,  which  unites  the  phenomena  of  matter  with  those  of  spirit, 
and  forms  the  connecting  link  between  science  and  religion ;  their 
harmonious  conjunction  affording  the  highest  system  of  philos- 
ophy. It  is  this  class  of  energies  which,  controlling  the  forces  of 
matter,  guides  and  governs  their  modifications  and  transforma- 
tions. It  is  this,  moreover,  which,  inseparable  from  mind,  is  ex- 
erted by  all  conscious  organism.  The  mystic  play  of  coequal,  but 
to  our  senses,  so  dissimilar  forces,  and  the  equally  recondite  mu- 
tual action  of  the  eye,  the  brain  and  the  nerve,  alike  demand 
agencies  transcending  all  our  science,  yet  implicitly  obeying  physi- 
cal laws.  The  highest  manifestations  of  these  agencies  is  in  will ; 
the  highest  agent  is  the  Almighty.  Thus  the  dictum  of  faith,  that 
the  universe  exists  only  by  virtue  of  the  continued  will  of  its 
Creator,  represents  a  palpable  scientific  fact ;  and  we  may  see  that 
the  piantheist,  the  materialist  and  the  spiritualist  (I  will  not  be 
debarred  from  this  noble  word  hy  the  associations  of  its  misuse 
to-day)  have  been  contemplating  the  same  exalted  truth  from  dif- 
ferent aspects,  with  limited  ranges  of  vision. 
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2.  On  Auroral  appearances  and  their  connection  with  the  phe- 
nomena of  Terrestial  Magnetiem ;  by  Balfour  Stewart,  F.R.S. 
F.RA.S.  — Some  years  since,  I  ventured  to  suggest  that  au- 
roral displays  might  be  secondary  currents  due  to  small  but  rapid 
changes,  caused  by  some  unknown  influence,  in  the  magnetism  of 
the  earth.  In  developing  this  idea,  the  earth  was  compared  to  the 
core  of  a  Ruhnikorff  machine,  and  the  moist  upper  strata  of  the 
earth,  as  well  as  the  upper  strata  of  the  atmosphere,  to  secondary 
conductors,  in  which  currents  will  take  place  whenever  the  mag- 
netism of  the  earth  changes  from  any  cause.  These  views  woufa 
appear  to  be  confirmed  by  the  very  interesting  records  of  earth- 
currents  obtained  by  Mr.  Airy  at  the  Greenwich  Observatory,  in 
which  it  is  found  that  during  times  of  very  great  magnetic  distur- 
bance there  are  strong  earth-currents  alternating  from  positive  to 
negative,  the  curves  lying  nearly  equally  on  both  sides  of  the  zero. 

A  further  development  of  this  idea  has  lately  occurred  to  me,  m 
consequence  of  a  remark  of  my  friend  Mr.  Lockyer,  that  the  zodi- 
acal light  may  possibly  be  a  terrestial  phenomenon,  and  itiay 
therefore  be  somehow  connected  with  the  phenomena  of  terrestial 
magnetism.  For  not  only  will  secondary  currents  be  caused  in  a 
stationary  conductor  in  presence  of  a  magnetic  core  of  variable 
power,  but  also  in  a  conductor  moving  across  the  lines  of  force  of 
a  constant  magnet.  The  question  arises,  have  we  on  the  earth 
such  moving  conductors  ?  In  answer  to  this,  let  us  reflect  what 
takes  place  at  the  equator.  When  once  the  anti-trades  have 
reached  the  upper  regions  of  the  atmosphere,  they  will  become  con- 
ductors from  tneir  tennitv ;  and  as  they  pass  rapidly  over  the  lines 
of  the  earth's  magnetic  force  we  may  expect  them  to  be  the  vehi- 
cles of  an  electric  current,  and  possibly  to  be  lit  up  as  attenuated 
gases  are  when  they  conduct  electricity.  May  not  these  form 
the  zodiacal  light  ? 

Such  moving  currents  will,  of  course,  react  on  the  magnetism  of 
the  earth.  We  may  therefore  suppose  that  somewhat  sudden  and 
violent  changes  are  likely  to  take  place  in  the  earth's  magnetism 
at  those  seasons  at  which  the  earth's  great  wind-currents  change 
most  rapidly.  May  not  this  account  for  the  excess  oi  disturbances 
at  the  equinoxes  ? 

Besides  the  anti-trades  there  are  also,  no  doubt,  conviction-cur- 
rents, caused  by  the  daily  progress  of  the  sun,  taking  place  in  the 
upper  regions  of  the  earth's  atmosphere.  May  not  these  also  be 
vehicles  of  currents  as  they  cross  the  lines  of  the  earth's  force,  and 
account,  to  some  extent  at  least,  for  the  daily  variations  of  terres- 
trial magnetism  ?  and  may  not  this  be  the  reason  of  the  likeness 
observed  by  Mr.  Baxendell  between  the  curves  denoting  the  daily 
progress  of  the  wind  and  those  denoting  the  variations  of  the  de- 
clination of  the  magnet  ?  Such  currents  (in  as  far  as  they  are  elec- 
tric conductors),  taking  place  in  the  upper  regions  of  the  atmos- 
phere, would  not  be  felt  by  the  earth-current  wires  at  Greenwich, 
and  I  think  Mr.  Airy  has  noticed  that  this  is  the  case.  But  the 
tidal  wave  represents  a  motion  of  a  conductor  on  the  earth's  sur- 
fece,  with  two  periods  in  one  lunar  day.    This  motion  cannot  pro- 
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duoe  a  very  great  secondary  current ;  bnt  may  it  not  be  sufficient 
to  account*  for  the  lunar-diurnal  magnetic  variation,  which  is  also 
very  small  ? 

Such  a  current  taking  place  in  a  conductor  electrically  connected 
with  the  earth's  upper  surface  ou^ht  to  be  felt  by  the  Greenwich 
wires ;  and,  if  I  am  not  mistaken,  Dr.  Airy  has  detected  a  current 
of  this  nature. 

May  we  not  also  imagine  that  there  are  two  varieties  of  aurora 
— one  corresponding  to  stationary  conductors  under  a  very  rapidly 
changing  core,  and  the  other  to  rapidly  moving  conductors  under 
a  constant  core  ?  And  might  not  an  aurora  of  the  latter  kind  in- 
dicate the  approach  of  a  change  of  weather  ? 

These  remarks  are  thrown  out  in  order  to  invite  comment  and 
criticism,  and  they  will  have  served  their  purpose  if  they  direct 
attention  to  the  part  that  may  be  played  by  moving  conductors  in 
the  phenomena  of  terestrial  magnetism.  It  will  be  noticed  that 
these  remarks  do  not  touch  upon  the  mysterious  connection  be- 
lieved to  exist  between  magnetic  disturbances  and  the  frequency 
of  solar  spots. 

P.  S.— Since  writing  the  above,  Sir  W.  Thomson  has  called  my 
attention  to  a  paper  by  him  in  the  Philosophical  Magazine  for  De- 
cember, 1851,  in  which  it  is  suggested  that  moving  conductors 
may  play  a  part  in  the  phenomena  of  terrestrial  magnetism. — 
Monthly  Notice  of  tJie  JKoycU  Astronomical  Society^  Dec.  \Oth^ 
Xm^.—PhiL  Mag.,  IV,  xxxix,  15g. 

3.  The  approaieh  of  violent  storms  announced  by  telegraph. — 
In  December,  1869,  a  memorial  was  presented  to  the  House  of 
Representatives,  from  Prof.  J.  A.  Lapnam,  of  Milwaukee,  Wise., 
calung  the  attention  of  Congress  to  the  fearful  loss  of  life  and 
property  occurring  annually  on  our  Great  Lakes,  and  suggesting 
the  possibility  of  doing  something  to  prevent  at  least  a  portion  of 
this  loss  in  future.  A  bill  was  at  once  mtroduced  by  Hon.  Halbert 
E.  Paine,  of  Wisconsin,  providing  that  the  Secretary  of  War  be  au- 
thorized and  required  to  provide  for  taking  the  necessary  meteoro- 
logical observations,  at  tne  military  stations  in  the  interior  of  the 
continent,  and  for  giving  notice  on  the  northern  lakes  and  Atlan- 
tic coast,  by  means  of  the  electric  telegraph,  of  the  approach  and 
force  of  storms.  Letters  were  subsequently  presented  to  the 
House  of  Representatives,  from  the  Surgeon  General  of  the  U.  S. 
Army,  from  Prof  Joseph  Henry  of  the  Smithsonian  Institution, 
from  Prof  Elias  Loomis  of  Yale  College,  and  from  the  chief  Sig- 
nal Officer  of  the  U.  S.  Army,  approving  of  the  proposal  of  storm 
warnings,  and  suggesting  some  of  the  advantages  which  might  be 
expected  to  result  from  thent  The  bill  was  passed  in  the  House 
of  Representatives,  Feb.  2,  and  in  the  Senate  Feb.  4,  1870.  The 
followmg  is  a  copy  of  the  bill  as  adopted : — 

"  Be  it  resolved,  etc.,  That  the  Secretary  of  War  be  and  he 
hereby  is  authorized  and  required  to  provide  for  taking  meteoro- 
logicsd  observations  at  the  military  stations  in  the  interior  of  the 
continent,  and  at  other  points  in  the  States  and  Territories  of  the 
United  States,  and  for  giving  notice  on  the  northern  lakes  and  on 
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the  sea  coast,  by  magnetio  telegraph  and  marine  signals,  of  the  ap- 
proach and  force  of  storms." 

K  the  system  authorized  by  this  act  should  be  prosecuted  earn- 
estly and  &ithfully  by  the  War  Department,  we  anticipate  that  it 
will  result  not  only  in  an  important  addition  to  our  knowledge  of 
the  laws  of  storms,  but  will  materially  diminish  the  number  and 
severity  of  marine  disasters.  Systems  of  this  kind  are  already  in 
operation  in  England,  France,  Holland,  Italy,  and  other  countries, 
and  are  producing  important  results.  Our  Atlantic  seaboard  is 
more  favorably  situated  for  receiving  intelligence  of  approaching 
storms,  than  the  western  coast  of  Europe,  since  a  majority  of  our 
violent  storms  have  their  origin  on  the  land,  and  movmg  eastward 
may  be  telegraphed  in  advance  to  the  principal  conmiercial  cities 
of  the  Atlantic  coast. 

4.  17ie  Sars  JFtind* — We  are  glad  to  find  that  the  appeal  made 
in  our  pages  by  Mr.  Gwyn  Jeffreys,  on  behalf  of  the  family  of 
the  late  Professor  Sars  of  Christiania,  is  being  warmly  seconded 
in  Paris  by  M.  Alglave,  the  editor  of  the  Revue  des  Cows  Scien^ 
tijiqt$es.  In  the  last  number  of  the  Revue  Mr.  Gwyn  Jeffreys'  ar- 
ticle is  reprinted  in  extenso^  and  an  announcement  made  that  sub- 
scriptions to  the  Sars  Fund  will  be  received  at  the  office  of  that 
journal.  But  M.  Alglave  has  not  waited  for  the  publication  of  his 
notice  before  beginning  his  good  work  ;  he  has  already  collected 
the  sum  of  2,026  francs  (81/.),  and  pablishes  with  the  notice  a  first 
subscription-list  containing  the  names  of  many  of  the  most  emi« 
nent  naturalists  in  France.  We  have  now  the  pleasure  of  giving 
in  our  advertising  columns  a  list  of  the  contribations  already  prom- 
ised to  Mr.  Gwyn  Jeffreys.  Sars  belonged  to  the  best  type  of  sci- 
entific men,  the  genuine  lover  of  science,  contented  to  work  in  ob* 
scurity  without  thought  of  honors  or  reward.  His  family  have  a 
special  claim  to  help,  inasmuch  as  the  distress  in  which  they  are 
left  is  not  due  to  neglect  or  extravagance  on  the  part  of  the  lamen- 
ted Professor,  but  is  solely  attributable  to  his  having  devoted  him- 
self to  studies,  which,  notwithstanding  the  most  self-denying  la- 
bors, did  not  enable  him  to  make  any  provision  for  the  future. 
Those  of  our  readers  who  have  visited  Norway,  who  know  the 
genuine  unworldly  ways  of  the  Norwegians,  and  who  have  enjoy- 
ed the  enthusiastic  welcome  so  readily  given  to  the  English,  have 
now  a  graceful  opportunity  of  reciprocating  the  kindly  feeling 
shown  them  by  the  countrymen  of  Sars. — Nature^  Feb,  8. 

6.  The  Family  of  the  late  Prof.  Michael  Sara. — In  a  notice 
of  Prof  Sars,  the  editors  state  in  the  American  Naturalist,  Salem, 
Mass.,  of  March,  1869,  that  in  view  of  the  fact  that  American 
Zodlogists  are  deeply  indebted  to  Prof  Sars  for  the  light  he  has 
thrown  upon  many  of  the  lower  animals,  in  the  unrivalled  inves- 
tigation embodied  in  his  publications,  we  feel  it  a  duty  to  solicit 
aid  for  his  family.  Any  sum,  however  small,  which  may  be  sent 
them  will  be  welcomed,  acknowledged  and  forwarded  to  his  fam- 
Uy  through  the  Norwegian  Minister. 

*  The  death  of  this  eminent  zoologist  of  Norway,  Mr.  Sars,  is  mentioned  in  oar 
January  number,  on  page  144. 
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6.  LigfUing  Power  for  Buoys,  Premittm  for  the  yecMr  IBll  of- 
fered by  the  Netherland  Society  for  the  Promotion  of  Industry. — 
One  of  the  greatest  impediments  to  navigation  is  darkness  in  buoy- 
ed waters.  If  it  were  possible  to  develop  a  lighting  power  in  the 
buoys,  this  difficulty  would  be  greatly  diminished,  to  the  advan- 
tage of  navigation. 

The  Society  offers,  therefore,  her  gold  medal  (representing  a 
value  of  hundred  fiftv  florins,  Neth.  Cy.)  and  an  award  of  three 
hundred  florins  for  the  most  practical  means  of  investing  buoys 
with  a  lighting  power,  for  service  at  night.  ♦ 

Conditions. — 1.  The  answers  must  bear  a  distinctive  mark,  epi- 
gram or  motto,  and  be  accompanied  by  a  sealed  envelope,  contam- 
in^  the  competitor's  name,  and  bearing  outside  the  same  mark, 
epigram  or  motto  as  above. 

2.  The  competitors  are  requested  to  communicate  an  intermedi- 
ate address,  in  case  of  eventual  correspondence. 

3.  The  answers  and  any  other  accompanying  writing  must  not 
be  in  the  competitor's  own  hand. 

4.  The  successful  answer  becomes  the  property  of  the  Society, 
which  reserves  to  itself  the  right  of  publication. 

6.  The  Society  takes  no  responsibility  for  eventual  damage  to 
models  or  instruments,  illustrative  of  the  answers,  and  reserves  to 
itself  the  right  of  not  returning  them  to  the  competitors. 

6.  Answers  are  requested  post  paid  before  the  30th  of  Septem- 
ber, 1871,  to  the  address  of  the  General  Secretary  and  Treasurer  of 
the  Society,  F.  W.  Van  Eedek,  Haarlem,  the  Netherlands. 

7.  Academy  of  Sciences^  Paris. — Mr.  A.  DesCloizeaux,  the  dis- 
tinguished Crystallographer  and  Mineralogist,  whose  optical  re- 
searches in  connection  with  crystals  have  done  so  much  to  ad- 
vance the  science  of  mineralogy,  has  been  elected  a  member  of  the 
Academy  in  place  of  the  late  Mr.  d'Archiac;  and  Professor  Mayer, 
the  eminent  physicist,  in  place  of  the  late  Professor  MatteuccL 

OBITUABY. 

Rev.  Geoboe  Jones,  IT.  S.  N. — On  the  22d  of  January,  1870,  at 
the  Naval  Asylum,  in  Philadelphia,  died  Rev.  George  Jones,  long 
connected  with  the  United  States  Navy  as  a  Professor  and  a  Chap- 
lain ;  but  better  known  in  science  for  his  important  contiibutions 
to  our  knowledge  of  the  zodiacal  light.  His  labors  in  this  depart- 
ment fill  the  third  volume  of  the  U.  S.  Japan  Expedition,  embracing 
observations  from  April  2d,  1863,  to  April  23d,  1866,  made  chiefly 
on  board  the  U.  S.  steam  frigate  Mississippi,  and  are  included  on 
340  charts,  followed  by  Cassini's  observations  (10  in  number)  in 
1686  and  1687.  In  hb  Introduction  to  this  volume,  Mr.  Jones  ex- 
presses his  intention  to  spend  a  year  at  Quito,  Ecuador,  with 
a  view  to  compare  and  extend  his  zodiacal  light  observations  from 
that  equatorial  and  lofty  position.  This  purpose  he  executed  in 
the  year  1866,  adding  greatly  to  the  fullness  of  his  researches  upon 
this  wonderful  phenomenon.  A  summary,  by  himself,  of  his  obser- 
vations in  Ecuador  was  published,  with  three  plates,  in  vol.  xxiv 
of  this  Journal,  1867,  p.  374;  but  the  great  mass  of  data  then  col- 
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leoted  remain  still  anpublished.  Mr  Jones  was  a  patient  and  most 
consciention:9  observer,  and  hb  contributions  in  this  department  of 
astronomy  must  ever  form  an  important  feature  in  any  discussion 
of  the  phenomenon,  notwithstanding  Prof.  Piazzi  Smyth's  most  ex- 
traordmary  and  flippant  assertion  that  Mr.  Jones  had  never  seen  the 
zodiacal  light  at  all ! 

Mr.  Jones  was  the  author  of  Sketches  of  Naval  Life,  2  vols.,  New 
Haven,  1 829,  and  Excursions  to  Cairo,  Jerusalem,  ifec,  one  volume, 
New  York,  1 836,  besides  other  works  of  a  religious  character.  It 
was  largely  owing  to  the  asssiduity  and  patient  tact  of  Mr.  Jones 
that  the  U.  S.  Naval  Academy  was  created  against  the  instructive 
prejudices  of  most  of  the  older  naval  commanders,  a  labor  for 
which  he  never  sought  credit  or  fame,  but  not  the  less  worthy  of 
being  remembered  and  recorded  to  his  lasting  honor.  Mr.  Jones 
graduated  at  Tale  College  in  1828,  and  was  a  tutor  there  from 
1828  to  1830. 

VL      MISCELLANEOUS  BIBLIOGRAPHY. 

1.  TVansacHons  of  the  Chicago  Academy  of  Science^  VoL  I, 
Part  n,  1869.  Large  8vo,  with  steel  enffravinjg  and  fourteen 
plates. — The  first  volume  of  Transactions  of  the  Chicago  Academy, 
now  completed,  does  great  honor  to  the  society  and  to  the  enlight- 
ened liberality  of  those  gentlemen  who  have  furnished  the  means 
of  illustrating  it  with  so  many  beautiful  plates.  The  first  article 
is  a  biographical  sketch  of  Dr.  Robert  Kennicott,  the  late  Director 
of  the  Academy,  with  portrait  and  interesting  extracts  from  the 
diaries,  written  during  his  well-known  arctic  explorations.  The 
article  on  the  Antiquity  of  Man  in  North  America,  by  Dr.  J.  W. 
Foster,  is  of  special  interest  at  this  time,  and  contains  a  summary 
of  all  the  evioences  hitherto  obtained  upon  the  subject.  It  is 
illustrated  by  six  plates.  The  "List  of  the  birds  of  Alaska,  with 
biographical  notes,"  bv  Wm.  BL  Dall  and  H.  M.  Bannister, 
and  ItpoC  Spencer  F.  Baird's  descriptive  list  of  the  "  Additions 
to  the  Bird-Fauna  of  North  America  made  hj  the  Scientific  Corps 
of  the  Russo-American  Telegraph  Fxpedition,''  illustrated  by 
excellent  colored  plates  of  all  the  species,  are  very  valuable  con- 
tributions to  American  Ornithology.  In  the  former  212  species  of 
Alaska  birds  are  enumerated,  with  valuable  notes  on  their  habits 
and  distribution.  Mr.  S.  H.  Scudder  enumerates  46  species  of 
butterflies  collected  by  J.  A.  Allen  in  Iowa,  several  of  which  are 
described  as  new.  y. 

2.  Guide  to  the  Study  of  Inlets  ;  by  A.  S.  Packard,  Jr.,  M.  D. 
8yo,  702  pages,  with  eleven  plates  and  650  wood-cuts.  Salem, 
Mass.,  1869.  Naturalist's  Book  Agency. — This  excellent  work, 
published  in  ten  numbers,  is  now  completed.  It  is  really  an 
admirable  manual  of  entomology  by  an  author  thoroughly  versed 
in  the  science,  and  who  is  at  the  same  time  an  original  investigator. 
On  this  account  it  has  a  much  higher  character  than  a  mere  com- 
pilation, which  is  too  seldom  the  case  with  scientific  manuals  and 
text  books.    The  work  is  well  illustrated,  and  followed  by  a 
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glossaiy  and  foil  index.  The  stmctore  and  clasBification  of  inseets 
are  fully  discussed,  as  far  as  the  families  and  the  prominent  genera 
and  species  in  each  fjamily  are  described.  It  mcludes  also  fidl 
directions  for  collecting  and  preserring  insects,  and  various  other 
useful  information  on  transformations,  habits,  distribution,  geo- 
logical history,  etc.,  as  well  as  descriptions  of  new  species  and 
ffenera  in  some  of  the  orders.  It  embraces  the  Ara4^nida  and 
myriapoda  as  well  as  the  Hezapod  insects,  which  is  quite  unusual 
in  treatises  on  entomology.  v. 

3.  Theory  of  Existence :  Part  L  Devoted  to  the  enunciation 
of  the  laws  which  determine  the  motions  that  result  from  the 
collision  of  ponderable  bodies;  by  Eltas  Dbxter.  166  pp.  8vo, 
with  5  plates.  1869.  New  York.  (Edward  Dexter,  564  Broadway). 
— The  laws  enunciated  in  this  singular  book,  beginning  with  the 
first  paragraph  defining  velocity,  are,  with  few  exceptions,  entirely 
at  variance  with  the  received  principles  of  mechanics,  so  that  in 
the  concluding  sections,  which  are  devoted  to  the  refutation  of 
Newton's  Laws  of  Motion,  th^  author  finds  it  easy  to  show  by 
reference  to  the  earlier  part  of  his  own  book,  that  the  views  of 
Newton  are  quite  erroneous.  The  age  is  prolific  in  such  waste 
efforts  by  the  "  advance  men "  of  the  times. 

4.  A  Practical  TVea^ise  on  MetaUwrgy  adapted  from  the  Uut 
London  edition  of  Projeesor  KerPa  Metallurgy,  V  ol.  iii ;  Steely 
Fuel^  Supplement;  illustrated  with  145  wood  engravings;  by 
William  Cbookbs,  F.R.S.,  and  Ernst  R5hrio,  Ph.D.,  M.E.  820 
pp.  8vo.  New  York,  1870.  (John  Wiley  &  Son.) — ^This  volume 
IS  a  most  valuable  addition  to  our  previous  literature  upon  the  im- 
portant subjects  of  which  it  treats,  and  it  is  not  too  much  to  say 
that  the  metallurgical  student  will  seek  in  vain,  elsewhere,  for  such 
a  comprehensive  summary  of  recent  progress  in  this  department 
of  knowledge.  The  arrangement  of  the  materials  is  excellent  and 
the  subjects  are  dincussed  with  all  desirable  fnlness ;  thus  the  Bess- 
emer steel  process  covers  80  pages ;  while  proper  notice  is  taken 
of  all  other  methods,  even  to  the  Ellershausen  process,  Bes'semer's 
new  system  of  high  pressure,  hot  blast  ftimaces,  and  Siemen's 
process  of  producing  steel  direct  from  the  ores.  The  table  of  con- 
tents covers  21  pa^es,  and  exhibits  clearly  the  great  range  of 
interesting  topics  which  fills  the  volume.  Full  references  to  origi- 
nal memoirs  in  all  languages  bearing  on  steel  and  fuel  add  value 
to  the  work.  This  is  altogether  the  most  important  contribution 
of  the  three  volumes,  of  which  it  is  the  last  as  well  as  best. 

5.  Lithology  of  the  Seas  of  the  Old  World  ;  by  M.  Delbssb. — 
Of  this  work  by  M.  Delesse  we  have  seen  only  the  chart.  In  the 
work  the  author,  as  is  stated  in  a  resum6  received  from  him,  takes 
up  the  lakes  and  seas  of  the  old  world  in  succession,  describes  their 
several  features,  or  peculiarities,  the  character  or  the  shores  and 
bottom,  and  the  relative  amount  of  life  distributed  over  the  seve- 
ral parts.  The  subject  is  one  of  great  interest  and  if  thoroughly 
carried  out,  would  make  a  very  important  contribution  to  the  sci- 
ences of  geology  and  physical  geography.  The  map  is  an  exceed- 
ingly beautifrl  example  of  engraving  and  coloring. 
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6.  "  NcUure.^^ — ^This  soientifio  weekl jr,  pnblished  by  MacMillan  A 
Co.,  London,*  the  first  number  of  which  was  noticed  in  our  last 
Tolame  (p.  451)  sustains  well  the  promises  made  in  its  prospectus. 
It  is  popular  in  the  character  of  many  of  its  articles,  and  well  fur* 
nished  with  the  scientific  news  of  the  day,  besides  reviews  of  new 
works.  It  is  not  in  any  proper  sense  a  special  or^an  of  Darwin- 
ism, which  the  first  number  seemed  to  suggest.  Illustrations  are 
often  given  when  the  subjects  require  it.  The  number  for  Decem- 
ber contains  a  map  of  a  part  of  Africa,  presenting  a  view  of  the 
recent  discoveries  and  Livingstone's  route,  which  would  be  conven- 
ient to  readers  of  Livingstone's  letter  in  the  last  number  of  this 
Journal,  and  that  for  Jan.  20th  has  a  map  of  the  polar  regions,  and 
the  routes  of  the  recent  exploring  parties  in  that  direction. 

7.  Paris  Universal  JExposition^  1867 ;  Reports  of  the  United 
SUUes  Commis$ioners, — We  have  already  made  mention  of  some 
of  the  more  important  of  these  Reports,  and  have  offered  the  titles 
of  all  which  have  appeared  up  to  this  time,  and  copies  of  which 
have  reached  us  by  the  courtesy  of  the  editor.  Professor  Wm.  P. 
Blaks,  who  has  carried  these  documents  through  the  press  in  a 
manner  creditable  to  the  occasion. 

Machinery  and  Processes  of  the  Industrial  Arts,  and  Apparatus 
©f  the  Exact  Sciences ;  by  Fredsbick  A.  P.  Babnabd,  lLd.  pp. 
669.     Plates. 

Examination  of  the  Telegraphic  Apparatus,  and  the  Processes  in 
Telegraphy ;  bjr  Sahusl  F.  B.  Mobss,  LL.D.     pp.  166.     Plates. 

The  Froduction  of  Iron  and  Steel  in  its  Economic  and  Social 
Relations ;  by  Abram  S.  HEwrrr.    pp.  188.    Plates. 

Report  upon  the  Precious  Metals :  being  statistical  notices  of 
the  principal  gold  and  silver-producing  regions  of  the  world,  repre^ 
sented  at  the  Faris  Universal  Exposition ;  by  William  P.  Blake. 
pp.  669. 

The  Progress  and  Condition  of  Industrial  Chemistry;  by  J. 
Lawbence  Smith,    pp.  146.     Plates. 

General  Survey  of^  the  Exhibition,  with  a  Report  on  the  Char- 
acter and  Condition  of  the  United  States  Section,     pp.  824. 
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Abt.  XXTX. — On  a  method  of  'prroducmg^  hy  the  Electric  sparky 
figures  similar  to  those  o/Limtenberg;  by  Eli  W.  Blaks,  Jr. 

Lichtknberg's  figures,  discovered  in  1777,  are  a  result  of 
the  attraction  of  an  electrmed  surface  for  light  particles  of  elec- 
trified or  unelectrified  dust  Prof  Rood  has  shown  that  figures 
entirely  similar  in  fonn  are  produced,  when  the  spark  is  allowed 
to  fall  on  the  sensitized  collodion  film  of  an  ordinary  photo- 
graphic plate,  and  the  latent  image  is  developed  in  the  usual 
way. 

The  method  I  have  to  describe  consists  in  throwing  the  dis- 
charge upon  the  surface  of  a  fusible  non-conducting  body.  If 
the  Dody  be  near  its  fusing  point  the  figure  appears  at  once, — 
if  cold,  a  latent  image  exists  which  may  be  "  developed "  by 
heat 

The  non-conductinff  surface  is  prepared  by  coating  a  plate  of 
metal  with  an  even  film  of  pitch,  rieces  of  sheet-tin,  8  inches 
square,  coated  with  films  of  pitch  of  a  thickness  varying  be- 
tween 0*01  and  0*02  in.,  were  used  in  most  of  my  experiments. 
The  pitch  was  the  ordinary  commercial  article,  fireed  from  sand, 
Augments  of  bark,  &c,  by  being  melted  and  strained  through 
a  muslin  bag.  Shellac,  rosin.  Burgundy-pitch,  bees-wax  and 
Canada  balsam  were  in  turn  tried  as  substitutes  for  pitch,  but 
with  unsatisfactory  resxdta 

A  simple  apparatus  for  holding  the  plate  during  the  dis- 
chaige,  is  represented  in  fig.  1.  llie  upright  B  supports  the 
insulating  arm  C, — ^a  rod  of  glass,  which  may  be  turned  in  its 
bearing,  out  is  prevented  firom  moving  longitudinally.  The 
arm  C  holds»  the  wire  D.  This  wire  slides  up  and  down  with 
Am.  Joub.  Scl-^boohd  Ssnns,  V0L.XLIX,  Na  147.— Mat,  187a 
19 
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considerable  friction  so  as  to  retain  any  position  given  to  it     It 
is  graduated  to  tenths  of  an  inch,  and  terminates,  at  one  end, 

in  a  sharp  point — at  the  other,  in  a 
metal  ball  \  inch  in  diameter.  Di- 
rectly beneath  D  is  a  similar  wire, 
E,  passing  through  the  board  A, 
and  held  Dy  friction.  Around  E, 
at  the  comers  of  a  three-inch  square, 
are  disposed  four  insulating  posts, 
upon  which  the  prepared  plate  is 
laid. 

In  experimenting,  merely  to 
obtain  the  figures,  the  arm  C  is 
turned  so  as  to  bring  the  wire  D  into  a  horizontal  position, — 
the  prej)ared  plate  is  laid  upon  the  insulating  posts  (for  the  + 
figure  with  the  pitch  side  uppermost).  The  wire  E  is  made  to 
touch  the  plate  below,  and  is  put  in  connection  with  the  earth. 
D  is  then  made  vertical,  and  is  adjusted  to  the  desired  striking 
distance. '  An  insulated  connection  being  made  between  D  and 
a  charged  prime  conductor,  the  +  spark  passes  over  to  the  pitch. 
The  --  figure  is  obtained  when  the  pitch  side  is  beneath,  D  in 
contact  with  the  plate,  and  E  depressed  to  the  proper  stnking 
distance.  The  discharge  having  taken  place,  D  is  again  made 
horizontal,  and  the  plate  may  oe  removed  for  development 
This  process  consists  in  gradually  warming  the  plate  over  a 
lamp.  The  metal  side  must  be  presented  to  the  lamp,  as  the 
digntest  touch  of  a  flame  on  the  excited  pitch  instantly  dissi- 
pates the  electricity.  At  a  certain  temperature,  (in  my  experi- 
ments about  60°  (?.,)  the  figure  will  begin  to  appear,  and  in  a 
few  seconds  the  development  is  completed.  Tne  plate  being 
now  allowed  to  cool,  the  figure  becomes  permanent  If  the  plate 
be  overheated  the  figure  is  destroyed.  It  may  be  instantly  ob- 
literated by  exposure  for  a  second  to  the  naked  flame,  and 
the  plate  may  then  be  used  again.  The  proper  temperature  for 
devwopment  is  some  degrees  below  the  r^  fusing  point  of 
thepitch  used. 

Tne  figures,  obtained  as  described,  are  formed  by  depressions 
and  elevations  of  the  excited  surface.  The  depressions  would 
appear  to  be  the  true  figures,  as  they  correspona  exactly  in  form 
to  those  obtained  by  Lichtenberg.  The  plate  may  be  dusted 
before  development ;  the  form  thus  revealed  will  be  reproduced  in 
depressions  upon  warming.  The  depth  and  sharpness  of  these 
depressions  vary  with  the  quantity  of  electricity,  and  the  thick- 
ness of  Ihe  film  of  prtcL  The  thmner  the  film,  the  sharper  the 
lines.  The  exact  depth  of  the  depressions  below  the  general  level 
is  very  dif&cult  to  measure,  owing  to  the  elevations  produced. 
In  films  of  OOIS  in.  thickness,  the  deepest  lines  ar^  about  0"005. 
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When  cold,  the  pitch  is  sufficiently  hard  to  allow  of  several 
impressions  being  taken  from  it  in  printing  ink.  The  wood-cuts 
given  below  were  made  from  such  impressions,  transferred  to  a 
block,  and  then  engraved.  The  white  portions  therefore  repre- 
sent depressions.  The  "  ground,"  representing  the  levd  surface 
of  the  pitch,  was  lightened  by  ruling,  so  as  to  bring  out  the  ex- 
terior ring  of  the  n^ative  figure. 

Fricthrud  Ehclfriciiy. 
Disdiarge  frcm  haJis, — The  positive  spark  produces  the  fig- 
2.  3.  ure  of  a  star  (2  suad  8). 

Sometimes  the  rays  di- 
verge almost  from  the 
center,  but  generally  the 
central  portion  is  broken 
uj)  into  a  confusion  of 
minute  elevations,  which 
in  the  cuts  show  as  dots. 
The  rings  sometimes 
seen  in  this  central  por- 
PbMtlve  spark  from  i/inch  balla  Striking  dia-  tion  resemble  the  nega- 
tanoe,  \  inch.  ^y^  figures,  and  suggest 

the  idea  of  oscillations  in  the  discharge 
The  negative  spark  gives  the  figure  shown  in  (4).     An  ele- 
vated ring  forms  the  outer  bound- 
ary ;  inside  of  this  comes  a  deeply 
depressed  circle  surrounding  a  cir- 
cular disc,  whose  surface  is  so  ir- 
regular that  I  have  not  been  able 
to  determine  whether  it  is,  on  the 
whole,  above  or  below  the  general 
V    «         ^A„,...«"  ^®^®^  o^  **i6  V^^^  filj^-     Perfectly 
''^^^K.SS^^ll'^    ^i^ila^  fS^^,  were^  obWd  b^ 

means  of  the  electricity  developed 
by  the  Hobs  machine,  the  electophorus  and  that  accumulated 
m  a  Leyden  jar.* 

Discharge  from  Pomte.— When  a  single,  instantaneous  dis- 
charge, from  a  fine  point,  falls  upon  the  film,  figures  similar  to 
the  foregoing,  but  not  so  regular,  are  obtained.     If,  however, 

•  In  experimenting  with  a  well  chargid  Lej^n  jar,  if  the  eleotrodes  D  and  » 
i%  1)  are  connected  with  the  coatings  of  the  jar,  the  discharge  is  so  violent  as  to 
perforate  the  flhn  of  pitch.  Surrounfing  the  minute  perfbration  is  a  drcnlar  crack. 
Gen«fally  the  droular  fragment  thus  set  free  is  thrown  out,  and  in  the  center  of 
the  bright  spot  of  tm  expoeed,  a  minute  dot  is  seen.  On  examination  by  a  magni- 
fler,  it  will  be  seen  that  the  tin  is  fused  at  this  pomt  That  this  is  not  a  thenno- 
electrie  action  of  the  tin,  and  htm,  is  proved  by  the  fact  tiiat  the  fusion  takes  place 
whether  the  diacha^ge  is  positive  or  negative.  In  using  such  ajar  for  the  produo- 
teon  of  figures  the  electrode  B  should  be  removed  and  the  sparic  thrown  on  the  in- 
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the  discharge  be  of  negative  electricity,  and  be  continued  for 
a  short  time,  (e.  g.  during  a  quarter-revolution  of  a  20-inch 
plate  of  the  ordinary  frictional  machine,^  the  first  efiect  of  de- 
veloping is  to  bring  out  a  star,  which  mignt  readily  be  mistaken 
for  the  positive  figura  Inspection  shows  however  that  the 
rays  are  not  depressed,  but  devoted.  The  rays  are  generally 
more  or  less  curved,  and  resemble  the  projection  on  a  plane 
of  the  meridians  of  a  hemisphera  The  plane  of  projection  is 
diflFerent  in  almost  every  figure.  Precisely  such  a  star  occurs 
in  the  figure,  given  below,  of  the  negative  spark  from  the  in- 
duction coiL 

If  the  discharge  from  the  point  be  continued  for  some  seconds, 
the  plate,  on  developing,  snows  an  infinity  of  minute  circular 
depressions  with  no  characteristic  distinction  between  +E  and 
— E.  In  developing  these  plates,  especially  those  charged  with 
— E,  vivid  sparks  may  be  seen  to  rise  fix)m  the  pitch,  visible 
even  in  broad  day-light 

Figures  produced  by  the  Induction  CoiL 

The  coil  used  in  these  experiments  was  made  at  Ruhmkorff 's 
establishment  in  Paria  It  is  capable  of  giving  an  8-inch  spark, 
but,  by  reducing  the  primary  current,  the  striking  distance 
was  brought  down  to  J  incn.  A  single  Bunsen's  cell  was 
used, — the  carbon  being  withdrawn  so  as  barely  to  touch  the 
nitric  acid. 


7. 


Negative  spark  fhun  term- 
inal wires  of  the  induc- 
tion oofl. 


Positive  spark  fh>m  terminal  wires  of  the 
induction  ooiL 


The  positive  figure  obtained  is  represented  in  the  aocompany- 
ing  cut  (6).  Except  its  larger  size,  as  compared  with  fiictional 
electricity  of  the  same  strikmg  distance,  there  is  nothing  notice- 
able in  it 


Digitized  by  VjOOQIC 


Figures  by  Ae  Electric  Sparh  298 

The  correspondinff  n^ative  figure  is  seen  in  (7).  The  cen- 
tral star  with  curved  rays,  referred  to  above,  is  surrounded  by 
a  deeply  depressed  circle,  which  is  bounded  oy  a  slightly  ele- 
vated ring.  The  terminal  wires  evidently  acted  here  as  points, 
for  the  star  was  not  obtained  when  the  discharge  took  place 
from  balla 

Simultaneous  production  of  the  Positive  and  Negative  Figures. — 
For  this,  a  plate  coated  with  pitch  on  both  sides  is  required. 
The  electrodes  D  and  E  (fig.  1)  are  adjusted  at  eaual  distances 
fix)m  the  upper  and  lower  surface  of  the  plate.  Upon  connect- 
ing D  with  the  prime-conductor  the  positive  sparK  falls  upon 
the  upper,  while  the  negative  spark  leaps  up  to  the  lower  sur- 
face of  the  plate.  Development  oy  the  lamp,  without  oblitera- 
tion of  one  of  the  figures,  being  impossible,  the  plate  may  be 
heated  in  an  air-bath  to  about  60°-66*^  C.  It  is  more  conven- 
ient, however,  to  throw  the  discharge  upon  the  plate  when  warm, 
the  fibres  then  appear  at  once.  By  using  plates  of  glass,  or 
mica,  mstead  of  metal,  the  relative  size  of  the  figures  is  at  once 
seen.  The  negative  figure  is  considerably  less  in  diameter  than 
the  positive.*  This  fact  explains  why,  when  +E  and  —  E  are 
thrown  on  the  same  spot,  they  do  not  neutralize  each  other  and 
the  resulting  figure  is  a  combination  of  the  two. 

An  interesting  fact,  in  connection  with  this  subject,,  is  the 
length  of  time  that  may  elapse  between  the  reception  of  the 
spark  by  the  plates,  andf  the  development  of  the  figure.  Sev- 
eral plates  were  charged  in  immediate  succession,  and  developed, 
one  oy  one,  at  intervals  of  two  hours.  The  last,  developed 
after  twelve  hours,  showed  hardly  any  loss  in  depth  or  sharp- 
ness, although  the  weather  was  damp  and  unfavorable.  Of 
another  series,  the  last,  developed  after  sei;en  days^  still  came 
out  distinctly. 

A  charged  plate  may  be  breathed  upon,  and  the  condensed 
moisture  be  allowed  to  evaporate,  several  times,  without  appar- 
ently injuring  the  latent  image.  To  test  the  discharging  power 
of  a  point,  the  following  experiment  was  made.  One  end  of 
a  copper  wire  was  filed  to  a  sharp  point ;  the  other  end  was 
then  soldered  to  a  metal  plate.  This  plate  had  two  intersecting 
lines  scratched  on  its  surface,  and  was  coated  with  pitch.  The 
spark  having  been  made  to  fall  on  the  spot  marked  out  by  the 
intersection  of  the  lines,  (visible  through  the  pitch),  the  copper 
wire  was  bent  over  so  that  its  point  was  directly  over  the  cen- 
ter of  the  latent  image  and  very  near  it  After  12  hours,  this 
plate,  on  developing,  gave  a  good  figure. 

From  the  manner  in  which  the  figures  are  produced,  it  would 
appear  that  they  are  due  to  the  attractions  and  repulsions  of  the 

*  Biess  has  shown  fPogg.  Ann.,  B.  Ixix),  that  the  areas  of  the  surfaces  occu 
pied  hj  +E  and  —E  or  equal  quantity,  and  developed  under  the  same  conditions, 
areas  7: 1. 
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excited  surfeoe.*  This  seems  proved  beyond  doubt  bv  the  id^- 
tity  of  the  Lichtenberg  figures,  with  the  depression  ^gures  pro- 
duced on  developing.  No  chemical  change  of  the  pitch  could 
enable  it  to  attract  dust 

As  the  point  of  temperature  at  which  developement  b^ins 
is  considerably  below  the  true  fusing  point  of  the  pitch,  the 
work  performed  by  the  electricity  is  no  inconsiderable  quantity. 
Does  the  electricity  dis^pear  in  performing  this  work?  The 
fact  that  the  depression  of  the  surface  stops  at  a  certain  noint, 
while  the  attraction  for  the  opposite  E  on  the  metal  plate  aliould 
be  constantly  growing  stronger,  seems  to  point  to  an  affirmative 
answer.  As  pitch,  however,  is  said  to  become  a  conductor  when 
fused,  it  may  be  that  the  two  electricities  are  gradually  trans- 
mitted and  neutralize  each  other.  Experiments  have  been  un- 
dertaken in  the  hope  of  obtaining  a  decisive  answer  to  this 
question,  but  as  yet  with  no  result  worthy  of  publication. 
Cornell  Univ.,  Ithaca,  N.  Y.,  Feb.  6ib,  1870. 


Art.  XXX. — On  ike  Magnesium  and  Electric  Lights^  as  applied 
to  Photo-Micrography;  by  Brevet  Lt-CoL  J.  J.  Woodward, 
Assistant  Surgeon,  IJ.  &  Army.  Eeport  to  Brevet  Major 
General  J.  K.  Barnes,  Surgeon  General  of  the  United  States 
Army,  dated  Army  Medical  Museum,  Microscopical  Section, 
January  4,  1870.t 

I  HAVB  the  honor  to  inform  you  that,  on  the  25th  of  October 
last,  I  began  to  conduct  in  person  a  series  of  experiments,  in- 
tended to  devise  means  for  escaping  certain  difficulties  which 
had  hitherto  prevented  the  successful  preparation  of  Photo-mi- 
crogniphs  of  specimens,  selected  fix)m  the  valuable  and  daily  in- 
creasing series  of  permanently  mounted  microscopic  sections  of 
normal  and  pathological  tissues,  which  form  so  intere^ing  a 

r^rtion  of  the  treasures  of  the  Museum.  In  these  experiments 
used  the  sun  as  a  source  of  illumination,  and,  following  the 
process  which  I  have  described  in  fiill  elsewhere,:j:  I  had  no  dif- 
nculty  in  arranging  a  method,  by  the  aid  of  which  this  class  of 
objects  could  be  photographed  ^uite  as  successftdly  and  readily 
as  the  diatoms  and  other  test  objects  which  had  previously  been 
so  satisfactorily  reproduced  in  this  section  of  tne  Museum.  I 
shall  take  occasion  m  the  course  of  a  few  days  to  lay  before  you 

*  Tlie  laws  of  attraction  and  repiilBion,  for  both  poaitiTe  and  negatire  ^ectri- 
dty  being  the  same,  it  is  not  clear  to  what  cause  the  diflforenoe  of  the  figures  i» 
to  be  attributed. 

4  Communicated  for  this  Journal  by  Lieut  CoL  J.  J.  Woodward. 

I  Oinmlar  Na  6,  War  Department,  Surgeon  6«oeral*s  Office,  Nov.  1, 1865^  page 
148,  flt.  Mg. ;  this  Journal,  II,  vol  xUi,  Sept,  1866. 
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prints  of  some  of  the  tissue-preparations  thus  reproduced.  At 
present  it  is  my  desire  to  call  your  attention  to  certain  impor- 
tant observations  which  I  had  the  good  fortune  to  make,  wnile 
my  experiments  were  in  progress,  and  which  it  appears  to  me 
cannot  &il  to  be  of  interest  and  serrice  to  all  microscopists. 

During  the  last  week  of  October  and  the  first  two  weeks  of 
November,  I  relied  whoUy  on  the  sun  as  the  source  of  illumina- 
tion for  producing  n^atives.  In  this  period,  during  which  I 
had  but  two  perfectly  cloudless  working  days,  and  several  frac- 
tional dajrs  on  which  my  work  was  continually  interrupted  by 
passing  clouds,  I  had  ample  opportunity  to  convince  myself 
that  the  uncertainty  of  the  weather  was  a  most  serious  hin- 
drance to  the  preparation  of  successful  photographs  of  micro- 
scopic objects,  and  I  ceased  to  wonder  that  European  micro- 
scopists,  who  are  exposed  to  a  climate  even  more  variable  than 
our  own,  have  not  yet  succeeded  in  placing  the  art  of  Photo- 
micrography upon  such  a  basis,  as  to  make  a  convenient  and 
habitual  auxiharjr  in  all  microscopical  investigations.  This 
desirable  end  I  believe  I  have  attained;  but  it  has  been  by 
resorting  to  artificial  lights  and  thus  making  the  success  of  the 
process  whoUy  independent  of  the  weather. 

On  the  12th  of  November  I  commenced  a  series  of  experi- 
ments with  artificial  lights  which  were  most  fortunately  crowned 
with  success,'  both  the  mamesium  and  the  electric  lights  prov- 
ing adecjuate  sources  of  illumination  for  the  production  of 
Photo-nucrographs  even  with  the  highest  powera 

For  the  production  of  the  electric  light  I  used  a  Duboscq's 
lamp,  set  in  motion  by  a  battery  of  fifty  small  Groves'  elements. 
I  found  that,  with  this  source  of  light,  photographs  could  be 
successfully  taken  with  any  power  with  which  pictures  can  be 
taken  by  sunlight ;  and  I  was  delighted  to  find,  as  I  had  anti- 
cipated, that  the  very  exaggeration  of  light  and  shadow  which 
has  prevented  the  electric  light  from  being  generally  adopted 
as  a  source  of  illumination  in  the  preparation  of  photographs  of 
the  size  of  the  object,  or  smaller,  proved  of  immense  advantage 
in  the  reproduction  of  the  feeble  microscopical  images  of  highly 
magnified  objects,  and  that  the  pictures  were  hence  clearer  and 
better  defined  than  any  photographs  of  similar  objects  I  had 
hitherto  seen  produced  by  sunlight  I  found  also  that  the 
electric  light  was  so  much  more  manageable  than  sunlight  as  a 
source  of  microscopic  illumination,  that  I  coxdd  readily  arrange 
it  to  produce  natives  with  much  shorter  exposures  than  are 
indispensable  witn  the  sun. 

The  magnesium  light  shared  these  qualities  to  a  high  degree, 
but  I  found  that  its  best  work  was  done  when  the  object  was 
not  to  be  magnified  more  than  a  thousand  diameters,  and  that 
there  were  certain  limitations  to  its  use  on  test  objects  which 
will  be  referred  to  in  the  sequel 
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With  one  or  the  other  of  these  artificial  lights  as  a  source  of 
illumination,  I  have  prepared  a  considerable  number  of  nega- 
tives of  interesting  microscopical  objects,  of  which  a  few  are 
appended  to  this  report  by  way  of  illustration,  while  the  others 
will  be  laid  before  you  in  future  reports  on  special  subjects. 

The  magnesium  and  electric  lights  are  mentioned  as  possible 
sources  of  ulumination  for  the  production  of  Photo-micrographs 
by  Dr.  Lionel  Beale,  in  the  4th  edition  of  his  "  How  to  Work 
with  the  Microscope,"  page  275.  I  am  not  aware,  however,  that 
any  one  has  made  successfiil  negatives  with  high  powers  with 
either  of  these  lights  prior  to  the  experiments  here  recorded. 
There  are  in  the  Museum  a  few  photographs  with  low  powers 
taken  with  the  magnesium  light  by  Dr.  C.  F.  Crehore,  of  Bos- 
ton, Mass.,  who  kindly  presented  them  August  8,  1866.  N^a- 
tive  No.  90,  old  Microscopical  Series,  Army  Medical  Museum, 
represents  a  few  villi  from  the  small  intestine  of  a  mouse,  pho- 
tographed  by  the  electric  light  with  a  T*jth  objective  of  Wales 
arranged  to  mamify  84  diameters.  The  electnc  light  was  pro- 
duced by  forty  Bunsen's  cells,  and  as  I  had  no  electric  lamp  at 
the  time,  I  held  the  carbon  points  in  two  retort  holders  and 
managed  as  best  I  could,  during  the  exposure,  the  uncertain 
light  thus  produced.  I  know  of  no  other  Photo-micrographs 
than  the  above  to  have  been  actually  made  by  the  electric  or 
the  magnesium  lights ;  certainly  if  any  have  been,  they  have  not 
been  suflftciently  successftd  for  their  authors  to  be  willing  to 
give  them  any  degree  of  publicity.  I  have  no  hesitation,  there- 
fore, in  claiming  for  the  Museum  and  for  myself  the  credit  of 
having  demonstrated  the  serviceable  character  of  these  lights  as 
sources  of  illumination  for  the  preparation  of  negatives  with 
high  powers,  and  of  having  devised  a  simple  method  which 
brmgs  their  use  within  the  reach  of  every  microscopist 

I  propose  now  to  sketch  briefly  the  process  by  which  nega- 
tives of  microscopic  objects  can  be  conveniently  produced  with 
these  artificial  lignts. 

1.  The  electric  light  is  by  far  the  best  of  all  artificial  lights 
for  the  production  of  photo-micrographs,  and,  when  used  as  I 
am  now  about  to  describe,  it  is  both  convenient  and  economicaL 
I  use  a  Grove's  battery  of  fifty  elements.  The  battery  is  j^ced 
just  outside  of  the  operating  room  in  a  closet  from  which  the 
fixmes  escape  through  an  earthen  pipe  into  the  main  chimney  of 
the  building.  This  battery  was  furnished  by  Mr.  William  Ladd, 
Nos.  11  and  12,  Beck  street,  Regent  street,  London,  W.  The 
rubber  cups  are  4J  inches  high,  8 J  wide  and  2  thick.  The  plati- 
nums are  b\  inches  by  2  J,  and  weigh  about  60  grains  each. 
The  zincs  are  bent  on  themselves  so  as  to  present  a  part  of  their 
surface  on  each  side  of  the  platinums,  and  weigh,  when  new, 
about  a  pound  apiece.     Mr.  Ladd  furnishes  these  batteries  in 
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trays  of  ten  elements,  at  five  pounds  sterling  per  tray,  and  I  find 
that  a  battery  of  five  trays  is  sufficient  for  most  purposes.  Seven 
pounds  and  a  half  of  strong  commercial  nitric  acid,  and  three  of 
sulphuric,  diluted  with  ten  times  the  quantity  of  water,  is  suffi- 
cient to  charge  this  battery,  which  wul  then  produce  the  light 
continuously  for  6x>m  three  to  four  hours.  The  cost  of  runnmg 
the  battery  for  this  time,  including  in  the  estimate  the  amount 
of  zinc  consumed,  and  the  cost  of  amalgamating  every  third  or 
fourth  time  of  using,  is  very  moderate.  I  make  it  a  practice  to 
have  the  battery  washed  out,  the  acids  thrown  away  and  the 
porous  cups  put  to  soak  immediately  after  I  have  done  the  day's 
work,  ana  all  this  is  so  simple  that  I  have  no  difficulty  in  m- 
structing  an  orderly  to  do  it,  so  that  the  management  of  the  bat- 
tery does  not  occupy  any  part  of  my  time. 

The  Duboscq's  lamp,  the  microscope  and  the  plate  holder  are 
arranged  in  a  daik  room  which  enables  me  to  dispense  with  the 
use  of  a  camera.  The  general  arrangement  of  the  apparatus  is 
shown  in  the  cut 

The  electric  lamp  of  Duboscq  (a)  is  placed  on  a  stool  against 
the  wall  at  one  ena  of  the  room,  and  its  light  concentratea  by  a 
pair  of  condensing  lenses  (6)  on  the  lower  lens  of  the  achromatic 
condenser  of  the  microscope.  The  microscope  (c)  (a  large  Powell 
and  Lealand's  stand)  is  placed  on  a  small  table  (e)  which  is  so 
arranged  that  it  can  be  lowered  or  elevated  at  pleasure  and  can 
be  levelled  by  means  of  three  levelling  screws  at  its  base. 
The  plate  holder  (^),  also  arranged  so  that  it  can  be  raised  or 
lowered  at  pleasure,  is  supported  by  a  small  table  (/)  which 
stands  on  three  levelling  screws.  The  floor  of  the  apartment  is 
quite  level.  The  lenses  employed  for  the  microscope  are  those 
of  Mr.  William  Wales  of  Fort  Lee,  New  Jersey,  specially 
constructed  for  bringing  the  actinic  rays  to  a  focus.  For  powers 
above  the  -Jth,  however,  I  have  found  that  the  achromatic 
objectives  of  Messrs.  Powell  and  Lealand,  of  London,  answer 
an  excellent  purpose,  and  indeed  that  their  immersion  yV  ex- 
ceeds in  defining  powers  any  objective  which  has  as  yet  come 
under  my  notice. 

In  taking  photographs  with  this  apparatus,  I  proceed  as  fol- 
lows :  The  electric  lamp  being  set  in  motion,  the  table  holding 
the  microscope  (which  has  previously  been  levelled),  is  raised  or 
lowered  and  moved  from  siae  to  side  till  the  center  of  the  achro- 
matic condenser  is  brought  to  the  center  of  the  illuminating 
pencil  proceeding  from  the  lamp ;  the  object  is  then  placed  on 
the  stage  and  carefully  adjusted  A  cell  of  plate  glass  contain- 
ing a  saturated  solution  of  the  ammonio-sulphate  of  copper  is 
fixed  just  below  the  achromatic  condenser,  and  not  only  pre- 
vents the  admission  of  non-actinic  rays,  but  excludes  the  very 
great  heat  which  accompanies  the  electric  light,  and  also  mode- 
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rates  its  effect  upon  the  eye  of  the  observer.  The  light  thns 
produced  is  very  agreeable  to  the  eye,  and  I  find  myself  able  to 
work  with  it  from  four  to  five  hours  without  fatigue.     It  has 


also  the  advantage  that  all  the  colors  of  the  object  examined 
disappear,  and  the  preparation  appears  black  on  an  azure  field 
whicn  resembles  the  sky  on  a  clear  day,  so  that  the  observer 
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sees  at  a  glance  how  the  object  will  apjxear  in  the  photograph 
(in  which  the  same  black  lines  or  tints  wiU  be  faithniDy  repro- 
duced on  a  white  field)  and  is  thus  enabled  to  arrange  his 
achromatic  condenser  and  other  adjustments  so  as  to  produce 
the  most  satisfiactor^  effect 

Every  thine  havmg  been  arranged  at  the  microscope  to  the 
satisfSaction  oi  the  observer,  the  eyepiece  is  taken  out,  and  the 
image  allowed  to  &11  on  the  ground  glass  of  the  plate  holder, 
which  has  previously  been  placed  at  the  distance  necessary  to 
give  the  magnifying  power  desired  with  the  objective  employed. 
The  operator  adjusts  the  plate  holder  to  the  right  height  and 
sees  that  it  is  perpendicular  to  the  optical  axis  of  t£e  microscope, 
which  he  readily  does  by  observing  that  all  parts  of  the  field 
are  equally  in  K)cus.  He  then  takes  out  the  ground  glass  and 
finishes  the  fine  adjustment  with  a  sheet  of  plate  glass  and  a 
focussing  glass,  after  which  the  sensitive  plate  is  inserted,  the 
exposure  made  and  the  operation  is  finished. 

To  enable  the  observer  to  focus  the  microscope  while  sitting 
at  a  distance  from  it  at  tiie  sensitive  plate,  the  following  con> 
trivance  is  employed.  On  the  table  wnich  supports  the  micro- 
scope {e\  two  brass  shoulders,  each  two  inches  mgh,  are  screwed. 
Througn  these  runs  an  iron  rod  nine  inches  long,  on  which  slips 
a  brass  pulley  (cf)  which  can  be  clamped  at  any  point  A  cord 
connects  this  pulley  with  the  wheel  of  the  fine  adjustment  of 
the  microscope  which  is  gropved  for  the  purpose.  It  is  evident 
that  whenever  this  iron  rod  is  turned,  the  pulley  turning  with 
it  will  move  the  fine  adjustment  of  the  microscopa  To  eflFect 
this  the  iron  rod  terminates  in  a  souare  extremity,  so  that  a 
joint  of  an  ordinary  fishing  rod,  to  wnich  a  brass  ferrule  shaped 
like  a  watch  key,  has  been  rivetted,  enables  the  operator  to 
focus  the  microscope  at  anyordinary  distance.  When  greater 
distances  are  required  two  joints  of  me  rod  may  be  used.  The 
rod,  being  graduated  into  feet  and  inches,  enables  the  operator  to 
record  the  distance  employed  for  each  picture.  When  the  focus- 
sing is  completed,  the  rod  is  removed.  I  have  found  this  simple 
and  cheap  arrangement  superior  in  delicacy  and  convenience  to 
any  of  the  more  costly  arrangements,  I  have  heretofore  tried. 

The  chemical  processes,  employed  in  taking  the  negatives,  do 
not  diflFer  in  any  respect  fix)m  those  used  in  ordinary  photo- 
graphic work,  and  I  have  found  that  by  employing  a  practical 
photographer,  allowing  him  to  manage  the  dark  room  and  con- 
fining my  whole  attention  to  the  optical  arrangements,  I  not 
only  get  many  times  more  pictures  in  a  day,  but  they  are  much 
better  than  can  be  producea  by  any  one  who  attempts  to  do  the 
photographic  work,  as  well  as  manage  the  microscope  himself 

I  find  myself  thus  enabled  to  sit  down  quietly  of^an  evening, 
and  during  four  hours  work  to  produce  fix)m  twelve  to  thirty 
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n^atives  or  more,  in  accordance  with  the  difficulty  of  the  sub- 
jects and  my  previous  knowledge  of  them.  Any  microscopist 
who  is  willing  to  go  to  the  moderate  expense  of  battery  and 
lamp,  and  to  add  two  or  three  specially  constructed  objectives 
to  his  microscopical  api)aratus,  can,  by  employing  a  photog- 
rapher one  or  two  evenings  in  the  month,  reproduce  all  the 
more  interesting  of  his  month's  observations  with  a  degree  of 
economy  and  beauty  not  to  be  obtained  by  any  other  means, 
and  if  he  follows  the  method  I  have  above  described,  the  charac- 
ter of  his  results  will  be  conditioned  by  his  skill  as  a  micros- 
copist rather  than  by  any  other  circumstance.  As  to  the  time 
of  exposure  required  for  taking  negatives  with  the  electric  light, 
I  fina  that  for  one  thousand  diameters  about  thirty  seconds  is 
necessary  for  that  class  of  objects,  (such  as  Angulatum,  the  No- 
bert's  plate,  &a,)  for  which  it  is  not  necessary  to  employ  a 
ground  glass  plate  to  prevent  interference  phenomena.  In  pho- 
tographing the  soft  tissues  and  many  other  objects,  it  is  neces- 
sary to  insert  a  piece  of  ground  glass  below  the  achromatic 
condenser  to  escape  the  interference  phenomena  which  else 
occur,  precisely  as  must  be  done  in  photographing  the  same  ob- 
jects by  sunlignt  This  increases  the  time  of  exposure  to  about 
three  minutes  for  one  thousand  diameters.  Other  powers  require 
poportional  times. 

2.  The  magnesium  light  affords  a  beautiful  source  of  illumina- 
tion comparable  to  white  cloud  illumination  of  the  best  charac- 
ter, or  to  the  light  of  the  sun  after  it  has  passed  through  a  sheet 
of  ground  glass.  Without  the  use  of  ground  glass,  this  light 
serves  admirably  for  the  production  of  photographs  of  the  soft 
tissues  with  any  power  under  a  thousana  diametera  The  light 
being  composed  of  a  mixed  pencil,  with  rays  passing  in  all 
directions,  there  are  no  interference  phenomena,  but  for  the  same 
reason,  on  the  Nobert*s  plate  and  many  test  objects,  the  results 
are  inferior  to  those  produced  by  the  sun  or  by  the  electric 
light;  with  powers  much  higher  than  a  thousand  diameters, 
however,  the  time  of  exposure  becomes  inconveniently  long. 

The  process  employed  by  me  in  the  production  of  negatives 
with  the  magnesium  light,  is  essentially  the  same  as  I  have 
above  described  for  the  electric  light,  simply  the  magnesium 
lamp  is  substituted  for  the  electric,  and  the  condenser  of  an  or- 
dinary oxy-calcium  magic  lantern  is  made  to  concentrate  the 
light  on  the  achromatic  condenser  of  the  microscopa  The  cut 
represents  the  arrangement  The  magnesium  lamp  (a)  stands 
on  a  shelf  fastened  against  the  wall  The  condenser  (6)  concen- 
trates the  light  on  the  lower  lens  of  the  achromatic  condenser  of 
the  microscope,  (c)  which  stands  on  a  table  (e\  supported  on 
three  levelling  screws.  The  image  received  on  tne  plate  holder, 
{g)  which  is  supported  on  a  table,  (/)  is  photographed  precisely 
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as  in  the  case  of  the  electric  light  as  above  described.     The 
same  focussing  apparatus  (d)  is  employed  and  the  ammonjo- 


solphate  cell  should  invariably  be  inserted,  but  the  ground 
glass  is  never  necessary.  I  find  that  it  requires  exposures  of 
about  three  minutes  to  produce  negatives  of  tissue-preparations 
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with  five  hundred  diameters.     Other  powers  require  propor- 
tionate exposure& 

^he  magnesium  lamp  used  by  me  for  this  Durpose  was  the 
two-ribbed  lamp  of  the  American  Magnesium  Company,  (No.  2 
Liberty  Square,  Boston,  Mass.,)sold  by  that  company  tor  magic 
lantern  purposes,  price  $50.  The  ribbon  weighs  about  52  cen- 
tigrammes per  metre,  and  is  sold  at  $2.60  per  oimce.  Two 
ounces  will,  with  care,  answer  for  three  or  four  hours  constant 
work,  and  oucht  to  produce  from  twelve  to  thirty  negatives  in 
accordance  with  the  difficulties  of  the  subjects  to  be  represented. 
The  fumes  of  magnesia  resulting  from  the  combustion  are  car- 
ried into  a  chimney  five  feet  long,  made  of  a  spiral  wirfe  covered 
with  muslin,  which  terminates  in  a  muslin  oag  in  which  the 
oxyd  condenses,  while  the  draft  goes  on  through  the  interstices 
of  the  muslin.  The  chimney  and  bag  are  furnished  by  the  com- 
pany for  $2.50. 

In  commenting  on  the  above  processes  it  may  be  remarked 
that,  for  the  anatomist  an4  physiological  investigator,  the  Mag- 
nesium lamp  affords  a  satisfactory  and  sufficient  source  of  light 
for  the  photography  of  normal  and  pathological  tissue-prepara- 
tions. The  same  end  can  be  equally  well  or  even  better  attained 
with  the  electric  lamp,  with  which  also  the  most  difficult  test 
objects  can  be  satisfactorily  reproduced.  Where  economy  of 
apparatus  is  the  object,  the  magnesium  lamp  will  be  preferred 
by  ordinary  workers ;  but  where  much  work  is  to  be  done,  the 
high  price  of  the  magnesium  ribbon  more  than  counterbalances 
the  cneapness  of  the  apparatus,  and  the  electric  light  becomes 
the^most  economical  For  the  information  of  any  practical 
photographers  who  may  be  employed  for  work  of  this  character, 
I  may  add  the  foUowmg  remarks  on  the  chemical  process  em- 
ployed in  the  production  of  the  negatives  from  which  the 
appended  prints  were  made.  An  ammonium  and  potassium 
portrait  collodion,  rich  in  alcohol,  was  employed,  developed 
with  the  ordinary  solution  of  iron,  and  fixed  with  cyanid  of 
potassium.  Where  it  was  necessary  to  intensify,  the  hydro- 
sulphuret  of  ammonium  was  resorted  to. 

In  illustration  of  the  character  of  these  sources  of  illumination 
as  compared  with  each  other  and  with  sunlight,  I  herewith  ap- 
pend tluree  prints  from  negatives,  taken  with  a  Wales'  inch  and 
a  half,  from  the  6th  square  of  a  M6ller*s  diatom  type-plate,  spe- 
cially prepared  for  the  Army  Medical  Museum  bv  that  skillful 
microscopist  The  first  from  N^ative  79  (new  series),  was  ta- 
ken by  sunlight,  with  40  diameters ;  in  the  second,  from  N^a- 
tive  128  (new  series),  the  magnesium  light  was  used,  and  every 
thin^  else  remaining  the  same,  the  distance  was  increased  so  as 
to  give  48  diameters ;  in  the  third.  Negative  158  (new  series), 
the  electric  lamp  was  em^doyed,  and  every  thing  else  still  re^ 
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maining  unaltered,  the  distance  was  increased  so  as  to  give  66 
diameters.  It  will  be  understood  at  once,  that  on  account  of 
the  increase  of  distance,  the  second  picture  would  have  been 
slightly  less  sharp  than  the  first,  and  the  third  than  the  second, 
had  precisely  the  same  source  of  light  been  employed ;  never- 
theless, in  spite  of  this  disadvantage,  to  which  they  were  pur- 
posely exposed,  the  magnesium  and  electric  pictures  are  fear 
superior  to  that  taken  by  sunlight,  and  of  the  two  the  electric 
is  much  the  best.  It  is  especially  to  be  observed,  that  in  the 
electric  picture  the  contrast  obtained  is  so  ereat  that  the  objects 
api)ear  clearly  defined  on  an  almost  perfectly  white  ground, 
which  is  never  the  case  with  photo-micrographs  taken  with  the 
sun  as  a  source  of  illumination. 

As  a  farther  illustration  of  the  capabilities  of  the  magnesium 
and  electric  lights,  I  add  a  few  photographs  taken  by  each. 

Bt  thb  MAorasinx  Liesr. 

Arachnaidiscus  Ehreiibergii.  Magnified  400  diameters,  by 
Wales*  }tk    Native  114  (new  series.) 

Small  vein  and  capillaries^  from  the  muscular  coat  of  the  uri- 
nary bladder  of  the  frog.  Magnified  400  diameters,  bv  Wales' 
|th.  Negative  108  (new  series).  This  negative  is  taken  from 
preparation  No.  8878,  Microscopical  Series,  in  which  the  blad- 
der was  injected  with  a  half  per  cent  solution  of  nitrate  of  silver, 
and  subsequently  stained  with  carmine  dissolved  in  borax. 
The  epithelium  was  then  brushed  off  with  a  camel's  hair  pencil, 
and  the  preparation  transferred  through  absolute  alcohol  to 
Canada  balsam :  the  photograph  reproduces  every  thing  but  the 
color. 

Bt  thb  Elbotbio  Lioht. 

PleuTostaurum  acuium.  Magnified  840  diameters,  by  Wales' 
|tL     Negative  109  (new  series.) 

Trkeraiium  favu8.  Magnified  840  diameters,  by  Wales'  {th. 
Native  110  (new  series), 

Navicula  spima.  Magnified  840  diameters,  by  Powell  and 
Lealand's  immersion  j\ul    Negative  112  (new  series). 

Human  red  blood  corpuscles.  Magnified  1,000  diameters,  by 
Powell  and  Lealand's  immersion  y^t^i-   Negative  145  (new  series). 

Section  of  an  epithelial  cancer  of  the  larynx.  Magnified  400 
diameters,  by  Wales'  }th.  Negative  162  (new  series).  This 
negative  is  taken  fix>m  preparation  No.  2277,  Microscopical 
Section.  The  print  shows  tne  nuclei  and  cells  of  the  growth 
with  great  distinctness. 

*  Orammatophora  marina.  Magnified  2,600  diameters,  by  Powdl 
and  Lealancf  s  immersion  yV^    Negative  151  (new  senes). 

[The  copies  of  the  photogra^s  here  referred  to,  sent  as  by  Dr. 
Wbodwara,  surDass  m  peneotion  and  beanty  any  specimens  of 
photo-micrography  we  have  seen. — Eds.] 
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Abt.  XXXI. — On  a  Mechanical  Finger  for  the  Microscope;  by 

J.  H.  B.  li. 

In  the  Journal  of  May,  1866,  there  is  a  description  and  wood- 
cut of  a  mechanical  finger,  by  Mr.  H.  L.  Smitt 

There  are  few  naked  eyes,  or  ordinary  hands,  that  can  select, 
from  a  mass,  one  of  the  smaller  diatoms;  and  the  engraving  in 
the  Journal  was  seized  upon,  at  once,  by  the  writer,  as  aflford- 
inc  a  promise  of  relief  in  the  patient  labor  that  had  so  often  tes- 
ted both  his  eye  and  hand.  It  was  his  good  fortune  to  be  with- 
in reach  of  one  of  the  instrument&  It  was  a  great  help,  no 
doubt;  and,  after  acquiring  "the  knack,"  it  was  possible  to  use 
it  But  it  wanted  solidity,  and  the  writer  ventured  to  think 
that  it  might  be  made  firmer,  if  constructed  with  fewer  parts 
and  joints.  It  was  a  capital  idea,  however,  useftdly  illustrated; 
but  not  beyond  improvement:  so  an  improvement,  as  it  was 
thought,  was  put  on  paper,  and  sent  to  Mr.  Joseph  Zentmayer, 
the  well  known  optican  of  Philadelphia. 

Putting  aside  both  the  improvement  and  the  original,  Mr. 
Zentmayer  went  to  work  upon  an  entirely  new  system,  and  pro- 
duced what  seems  to  be  very  near  perfection. 

The  microscope,  in  the  writer's  possession,  is  one  of  Mr.  Zent- 
mayer's  large  first  class  ones,  though  the  finger  can  be  adapted 
to  any  other.  There  are  three  pieces:  one,  an  independent 
stage,  that  we  will  call  the  diatom  stage,  (fig.  1)  supported, 
above  the  principal  stage,  upon  a  tube  that  fits  into  a  sleeve 
attached  to  a  cyunder,  (fig.  2),  that  fits  into  the  sub-stage.  The 
tube  of  the  diatom  stage  is  passed  through  the  opening  of  the 
principal  stage  into  the  sleeve,  as  shown  in  the  curawing,  when 
its  only  movement,  up  and  down,  is  regulated  by  the  rack  and 
pinion  of  the  sub-sti^^e.  Liffht  from  the  reflector  is  thrown 
upon  the  object  through  the  tube  of  the  diatom  stage.  A  spring, 
S,  with  an  ivory  button,  B,  is  attached  to  the  diatom  stage,  as 
shown  in  fig.  4,  which  steadies  the  slide  as  it  is  moved  by  nand 
to  bring  different  parts  of  it  into  the  field. 

Fig.  8  shows  the  third  piece  of  the  apparatus,  or,  really,  the 
only  piece,  so  far  as  the  finger  is  concerned ;  the  other  three 
pieces  being  necessary  to  hold  the  slide  containing  the  diatoms, 
but  having,  otherwise,  nothing  to  do  with  the  finger  proper. 
The  drawing  is  of  fiill  size.  A  is  a  clamp  secured  to  the  prin- 
cipal stage  by  the  jaws  M  and  the  movafcle  plate  L,  which  is 
tightened  by  the  set  screw  D.  The  cylinder  C  passes  through 
the  clamp  resting  on  the  shoulder  T.  It  turns  horizontafly 
when  not  fixed  by  the  set  screw  F,  whose  point  presses  in  the 
groove  shown  in  the  drawing.  The  steel  rod  B,  surrounded  by 
a  spiral  spring,  which  is  not  shown,  but  which  can  be  readily 
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understood,  passes  through  the  cylinder  C,  the  spiral  holding  it 
up  when  not  pressed  down.  Upon  this  rod  is  the  steel  spring,  Gr, 
bent  as  shown,  carrjring  at  its  upper  and  longer  extremity,  at 
N,  a  cork-holder,  tlirough  which  is  thrust  the  needle  that  car- 
ries the  hair ;  and,  at  its  lower  extremity,  the  guide  J,  passi^ 
through  a  slot  on  the  arm  K,  projecting  from  the  cylinder  G. 
The  object  of  this  is  to  counteract  the  rotary  movement  that 
would  otherwise  be  caused  by  the  spiral  spring  on  the  rod  B 
when  pressed  downward  in  operating  the  apparatus.  F  is  a 
large  milled  head  lowering  or  raising  tne  end  of  the  spring  N,  in 
focussing  the  point  of  the  hair.  The  down  pressure  is  applied 
at  I  compressmg  the  spiral  spriujg  around  the  bar  B  withm  the 
cylinder  C,  and  bringmg  the  point  of  the  hair  on  the  particu- 
lar diatom. 

A  most  excellent,  if  not  an  original,  mode  of  attaching  the 
hair  to  the  needle,  which  is  thrust,  eye  foremost,  through  the 
cork  projecting  from  N,  is  the  suggestion  of  a  friend  of  the 
writer.  Cut  a  piece  of  thin  paper  into  the  shape  of  the  letter 
V  about  half  an  inch  high  ana  crease  it  lengthwise  so  as  to 
bring  the  sides  together.  Having  gummed  the  paper  well,  lay 
the  needle  on  the  crease,  keeping  its  point  within  the  paper,  and 
place  the  hair  along  side  of  it  Then  closing  the  sides  of  the 
V ,  the  needle  and  the  hair  will  be  compres^  together  at  the 
bottom  of  the  crease ;  and  when  the  paper  is  perfectly  dry  the 
hair  can  be  cut  with  scissors  to  the  proper  length,  if  necessary, 
and  so  much  of  the  paper  trimmed  oflf  as  may  not  be  wanted 
to  retain  the  needle  ana  hair  in  their  places.  The  needle  mav 
then  be  forced,  with  a  pair  of  fine  pliers,  eye  foremost,  through 
the  projecting  end  of  the  cork  at  an  angle  inclining  somewhat 
downward ;  and,  when  this  is  done,  the  finger  is  ready  for  usa 
The  angle  of  the  needle  to  the  stage  may  be  changed  hj  turn- 
ing the  cork,  which  is  screwed  into  the  opening  at  If ,  which  has 
a  thread  for  the  purpose. 

The  slide  containing  the  diatoms  is  now  placed  on  the  diatom 
stage ;  the  part  to  be  examined  being  over  the  opening  of  the 
tube,  through  which  the  light  is  reflected,  focussed  as  usual, 
and  the  particular  diatom  selected.  The  hair  is  then  brought, 
by  hand,  within  the  field  of  view.  This  is  done  by  turning  the 
cylinder  C,  and  adjusting  with  the  pliers,  if  need  l>e,  the  length 
of  needle  and  hair  projecting  through  the  cork.  The  set  screw 
E  is  then  tightened,  and  the  observer  has,  in  the  field,  the  dia- 
tom in  focus,  and  the  end  of  the  hair  seen  dimly,  and  not  in 
focua  The  screws  of  the  principal  or  mechanical  stage  now 
enable  him  to  bring  the  point  of  the  hair  with  mathematical 

Precision  just  above  the  diatom ;  when,  pressing  at  T  gently 
own  ward,  the  hair  touches  the  diatom ;  the  latter,  if  aU  goes 
well,  adheres  to  it;  the  diatom  stage  is  lowered;  the  slide  re- 
moved ;  the  clean  slide,  to  which  the  diatom  is  to  be  transferred 
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is  put  in  its  place ;  the  diatom  stage  raised  until  the  hair,  with 
the  diatom  on  it,  is  in  contact,  when  the  diatom  is  taken  off  by 
the  moisture  that  has  been  previously  breathed  upon  the  slida 

The  superiority  of  the  contrivance  here  described  is  its  sim- 
plicity and  absolute  steadiness. 

In  the  drawing,  the  position  of  the  spring  Gr  with  the  cork- 
holder  N  is  reversed.  They  turn,  as  already  described,  in  any 
direction,  horizontally. 

The  fiacilitv  with  which  a  diatom  may  "be  handled,"  to  use 
the  term  in  this  connection,  is  one  of  the  great  advantages  of 
Mr.  Zentmayer^s  contrivance.  The  point  of  the  hair  may  be 
brought  into  focus  along  side  of  the  diatom.  Which  mav  then, 
by  using  the  screws  of  the  mechanical  stage,  be  pushed  in  any 
direction  by  the  finger,  and  separated  from  the  mass,  or,  when 
transferred  to  a  clean  slide,  may  be  placed  wherever  required 
thereon.  With  such  an  instrument  may  be  understood  the 
modtis  operandi  by  which  the  892  diatoms  of  "  Holler's  Diato- 
maceen  platte"  were  arranged. 

Nothing  more  has  been  attempted  here,  than  to  describe  the 
particular  instrument  But  no  one  can  understand  the  whole 
subject,  without  reading  the  most  admirable  article  of  Mr.  H. 
L.  Smith  already  referred  to,  and  which  set  the  writer  to  work 
to  improve,  if  possible,  the  mechanism  there  described.        L. 


Art.  XXXTL — The  Combinations  of  Silicon  roith  Alcoholic  Radi- 
cals; by  C.  Friedel  and  J.  M.  Crafts.* 

In  a  previous  researchf  we  studied  the  ethers  of  silicic  acid, 
and  discovered  a  number  of  new  bodies,  whose  structure  leads 
to  the  conclusion  that  the  atomic  weight  of  silicon  is  28,  and  that 
the  formula  of  silicic  acid  is  SiO,.  Gaudin,  and  afterwards 
Odling,  first  gave  silicon  its  true  atomic  weight,  and  silicic  acid 
its  rational  formula,  in  order  to  bring  them  into  accordance  with 
the  well  known  law  establishing  the  most  simple  relation  be- 
tween the  vapor  density  of  bodies  and  their  atomic  weight,  and 
their  views  have  been  adopted  by  many  chemists ;  but  nitherto 
conclusive  proofs,  based  upon  chemical  grounds,  have  been 
wanting  to  establish  completely  the  correctness  of  their  theory, 
and  a  large  number  of  the  best  authorities  in  chemistry  have 
adhered  to  the  old  formula,  SiO  3(0=8)  for  silicic  acid. 

Our  research  was  at  first  undertaken  with  a  view  to  proving 
that  the  chemical  properties  of  silicates  can  only  be  explained 
by  adopting  the  new  formula,  and  we  have  succeeded  in  obtain- 

*The  cbemical  symboLi  used  have  the  values  which  belong  to  them  in  the  new 
STStem. 
f  This  Journal,  II,  xliii,  pp.  153  and  331 ;  Ann.  de  Ohim.  et  Phjs.,  IV,  iz,  p.  6. 
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ing  bodies,  whose  existence  and  mode  of  formation  it  is  impos- 
sible to  account  for  by  any  other  theory.  Such  are  the  chlor- 
hydrids  and  acetins  derived  from  normal  silicic  ether,  Si(C>H50)i 
and  at  first  we  only  studied  the  compounds  which  belong  to  the 
same  type  as  the  normal  silicic  ether,  but  the  research  led  us 
further  than  we  anticipated,  and  resulted  in  the  discovery  of 
the  more  complicated  oisilicic  ethers,  already  described,  whose 
structure  throws  some  light  on  the  rational  formulas  of  mineral 
silicates,  and  also  of  a  remarkable  class  of  bodies,  in  which  the 
alcoholic  radicals,  ethyl,  C^H^,  and  methyl,  CH3,  are  combined 
directly  with  the  silicon,  and  not,  as  in  the  ethers,  through  the 
medium  of  oxygen.  The  present  paper  is  devoted  to  the  de- 
scription of  these  latter  bodiea 

The  study  of  the  compounds  of  silicon  with  alcoholic  radi- 
cals fortifies  the  conclusions  already  arrived  at ;  it  demonstrates 
the  tetratomicity  of  silicon,  and  places  it  in  the  same  group 
with  tin,  titanium  and  carbon ;  and  it  leads,  besides,  to  the  dis- 
covery of  a  property  of  sUicon,  which  allies  that  element  with 
carbon  fer  more  closely  than  the  equality  of  their  atomicity  and 
the  similarities  hitherto  observed  in  the  structure  of  their  com- 
pounds. In  jEact,  silicon  has  been  found  to  possess  the  property 
of  combining  directly  with  carbon,  or  rather  with  hydrocarbons ; 
and  the  resulting  compounds  are  in  every  respect  similar  to  sim- 
ple hydrocarbons,  susceptible  like  them  of  substitution  of  chlo- 
rine and  bromine  for  hydrogen,  and  of  acting  as  radicals  in  alco- 
hols and  ethers ;  consequently  silicon  may  take  the  place  of  car- 
bon in  a  hydrocarbon,  and  in  the  series  of  bodies  which  can  be 
derived  from  a  hydrocarbon,  without  modifying  essentially  its 
propertiea 

It  is  easy  to  appreciate  the  importance  of  this  result  Car- 
bon is  characterized  by  the  property  of  combining  with  itself 
to  build  up  groups  of  atoms,  which  have  been  compared  to 
chains,  or  nuclei,  about  which  the  atoms  of  hydrogen,  oxygen, 
nitrogen,  &a,  found  in  organic  bodies,  group  themselves,  and  it 
is  especially  this  property  of  carbon  which  fits  it  to  play  the 
part  of  the  element  essential  to  the  structure  of  organic  com- 
pounds 

It  has  been  supposed  that  carbon  alone  had  the  property  of 
combining  with  itself  to  form  the  nuclei  of  organic  compounds, 
but  it  now  appears  that  silicon  shares  with  it  this  quahty,  and 
we  are  led  to  the  opinion,  that  no  element  is  unique  in  its  prop- 
erties, but  that  eacn  has  its  near  relatives  among  the  others,  as 
was  indicated  by  Dumas  in  dividing  the  elements  into  natural 
families,  and  as  every  new  discovery  daUy  tends  to  prove.  It 
is  remarkable,  also,  that  analogies  01  this  Kind,  whicn  are  inde- 
pendent in  their  nature  of  the  atomicities  of  the  elements,  should 
occur  especially  between  elements  having  the  same  atomicity, 
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and  the  &ct  enliances  the  value  of  a  classification  of  the  ele- 
ments, which  is  founded  upon  the  consideration  of  their  atom- 
icities. 

Silicic  Ethyd. 

We  have  obtained  silicic  ethyd  by  the  reaction  which  is  often 
employed  to  effect  the  union  of  ethyl  with  metals  or  with  non- 
metalic  elements^  Chlorid  of  silicon  and  zinc-ethyd  do  not 
act  upon  each  other  at  the  ordinary  temperature,  but  when 
they  are  mixed  in  the  proportion  requisite  to  afford  an  equiv- 
alent of  zinc  for  each  atom  of  chlorine,  and  heated  in  seal- 
ed tubes  to  140®  centigrade,  a  reaction  commences,  and  at 
160°  it  is  completed  in  8  hours.  On  opening  the  tubes,  a  con- 
siderable quantity  of  a  gaseous  hydrocarbon  escapes,  which, 
when  lighted,  bums  with  a  luminous  flame.  The  tubes  contain 
a  liquid,  together  with  a  solid  deposit  of  chlorid  of  zinc,  mixed 
with  gray  particles  of  metallic  zmc.  The  presence  of  metallic 
zinc  accounts  for  the  production  of  gaseous  nj^drocarbona 

The  liquid  can  be  separated  by  distillation  into  several  prod- 
ucts. It  commences  to  boU  at  40®,  and  at  that  temperature 
chlorid  of  silicon  distils,  mixed  with  a  very  volatile  hydrocar- 
bon, burning  with  a  luminous  flame,  which  cannot  be  condensed 
alone  at  0®,  but  which  is  held  in  solution,  to  a  considerable  ex- 
tent, by  the  chlorid  of  silicon.  When  the  temperature  reaches 
60®,  nearly  pure  chlorid  of  silicon  distils,  and  it  then  rises  rap- 
idly to  150®,  and  the  greater  part  of  the  Hquid  distils  at  160® 
to  155®. 

The  portion  which  distils  at  60®  to  150®,  treated  with  water, 
gives  the  products  of  decomposition  of  the  chlorid  of  silicon, 
together  with  a  certain  quantity  of  a  liquid,  identical  in  its 
properties  with  that  which  distils  at  150  to  155°^  in  the  first 
operation.  The  portion  thus  obtained  in  both  operations,  dis- 
tilling at  150®  to  155®,  washed  with  water  and  with  a  solution 
of  caustic  potash,  to  free  it  from  the  small  quantities  of  chlorid 
of  silicon  which  can  not  be  easily  separated  oy  distillation,  and 
then  dried  over  solid  caustic  potash,  distils  at  152®  to  154®.  The 
body  thus  obtained  is  not  spontaneously  inflammable,  like  many 
of  tne  compounds  of  organic  radicals  with  metals,  but  when 
ignited  it  bums  in  the  air  with  a  luminous  flame,  and  gives  off 
a  white  smoke  of  silicic  acid.  It  is  lighter  than  water,  and  is 
not  attacked  by  caustic  potash  nor  by  ordinary  nitric  acid.  It 
is  also  not  attacked  by  sulphuric  acid,  and  is  insoluble  in  it ; 
concentrated  sulphuric  acid,  however,  separates  from  it  a  smiJl 
quantity  of  a  Ixxly  which  will  be  described  later.  It  can  be 
completely  purified  by  shaking  it  several  times  with  concen- 
trated sulphuric  acid,  and  decanting  by  means  of  a  pipette; 
finally  by  washing  with  water  and  by  drying  over  meltea  chlo- 
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rid  of  calcium.  The  product,  which  was  finally  obtained  by 
operating  in  this  way  on  considerable  quantities  of  material, 
boiled  at  152°. 

The  method  of  purification  with  sidphuric  acid  was  not  at 
first  adopted,  and  the  analyses  made  of  tne  substance  boiling  at 
about  152°,  after  it  had  been  simply  treated  with  water  and  with 
caustic  potash,  in  order  to  remove  traces  of  chlorid  of  silicon, 
gave  a  slight  excess  of  carbon  for  the  first  portions  which  dis- 
tilled ;  see  analysis  I.  This  was  undoubtedly  due  to  a  minute 
auantity  of  a  hydrocarbon,  probably  ethylene,  dissolved  in  the 
quid. 

The  analyses  of  the  portions  which  distilled  last  showed  on  the 
other  hand  a  deficiency  of  carbon,  arising  fix)m  the  presence  of 
a  body  containing  oxygen,  which  can  be  separated  by  means  of 
concentrated  sulphuric  acid ;  see  analyses  11  and  lEL  We  no- 
ticed, also,  that  the  liauid  was  at  first  capable  of  absorbing  a 
very  small  quantity  of  bromine,  without  being  colored  by  it 
After  the  treatment  with  sulphuric  acid,  the  boilmg  point  oi  the 
liquid  was  almost  constant,  and  the  smallest  trace  of  bromine 
imparted  its  color  to  it,  showing  that  no  combinations  took 
place. 

Analysis  of  the  liquids^  which  had  not  been  treated  vnih  sulphuric  add, 

L  £WZ%^n^=151°-151i°. 

Substance  taken = 0 1868  grammes  ;    00^  =  0  '4520  grammes; 

H^  0=0-2280  grms. 
IL  Boiling  point=lbl{''-lby. 

Substance  takm^0'17^ grms. ;  CO^  =04127  gnns. ;  H^  0= 

0-2170  grms. 
m  Sam£  product  redistilled.     Boiling  point=151i°-152i°. 

Substance  toAen=0-1943  grms. ;  CO^  =0-4685  grms.;  5,0= 

0-2890  grms. 

I.  n.  m.  Oaknilated  for  Si(C,H.)« 

0=6718  65-98  6577  66-67 

H=18-60  18-88  18-67  18-89 

Analyses  of  silicic  ethyd  purified  by  a  treatment  with  sul- 
phuric acid.     Boiling  point =152°-158^ 

L  Sabstancetakm^O'ldSl  grms.;  CO^  =  0-4706 grow.  ;  5,  0= 
0-2888  grms. 
IL  Substance  taken=0'2192 grms. ;  CO ^=0'6858 grms. ;  H^ 0= 
0-2720  grms. 
IIL  Substance  toie7i=0-8015  grms.  ;  /SO,  =01250  grms. 
rV.  Substance  toien=0-8480  grms.  ;  SiO^  =01895  grms. 

L             n.  m.            IV.  SKCHO*. 

0=66-45  66-66  6667 

H=18-74         18-79  1889 

Si= 19-84         18-98  19-48 
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The  first  determination  of  silicon  was  made  by  heating  the 
substance  in  a  sealed  tube  with  nitric  acid  for  several  hours,  at 
180^-190**,  dissolving  the  contents  of  the  tube  in  caustic  potash, 
and  estimating  the  silicic  acid  in  the  solution  in  the  ordinary 
way.  In  the  second  determination,  dilute  chlorhydric  acid  and 
chlorate  of  potassium  were  substituted  for  the  nitric  acid,  and 
the  operation  was  carried  on  in  a  sealed  tube  as  before.  It  is 
somewhat  difficult  to  dissolve  all  the  silicic  acid  which  adheres 
to  the  tube  by  caustic  potash. 

The  vapor-density  of  silicic  ethyd  was  deduced  from  the  fol- 
lowing data : 

Difference  of  weights  of  the  bulb    -        -  =0*5248  grms. 

Temperature  of  the  balance,      -         -  14** 

Tempera^re  of  the  oil-bath,         -        -  2]4***2 

Barometer, 761*4  mm, 

Oapacity  of  the  btdb,  ....  211*000. 

Air  remaining  in  the  bulb,      -         -  1*3  cc, 

Vapor-density=5*141. 

Calculated  vapor-density,  4*986. 

The  results  thus  obtained  show  that  silicic  ethyd  corresponds 
to  the  chlorid  of  silicon,  and  that  the  reaction  by  which  it  is 
formed  may  be  expressed  by  the  equation : 

SiCl,+2Zn(C,HJ,=  Si(C,Hj,H-  2ZnCl,. 

Silicic  ethyd  is  a  liquid  resembling  bodies  of  the  petroleum 
class  in  its  aspect  It  has  an  odor  like  the  pure  hydrocarbons 
of  this  series,  and  cannot  be  easily  distinguished  from  them, 
except  that  instead  of  burning  with  a  carbon-smoke,  it  gives  a 
white  smoke  of  silicic  acid. 

The  density  of  the  liquid  at  22^*7  compared  with  that  of 
water  at  the  same  temperature,  is  0*7657. 

In  order  to  obtain  considerable  quantities  of  silicic  ethyd,  we 
used  Frankland's  copper  digester  instead  of  glass  tubes,  which 
add  to  the  inconvemence  resulting  from  their  smaU  capacity, 
that  of  being  liable  to  explode  from  the  pressure  of  the  gases 
formed  as  secondary  products  of  the  reaction. 

In  the  digester,  100  grma  of  zinc-ethyd  were  operated  upon 
at  once,  and  an  excess  of  chlorid  of  silicon  was  always  added 
The  first  portions,  which  distilled  below  140®,  were  a  mixture  of 
chlorid  of  silicon  with  silicic  ethyd,  and  they  were  always  treated 
over  again  with  a  fi-esh  quantity  of  zinc-ethyd  in  the  next  ope- 
ratioiL 

We  usually  heated  the  digester  in  an  oil-bath,  at  180'*-200*\ 
using  a  gas-regulator  of  similar  construction  to  Bunsen's,  ana 
kept  each  charge  at  that  temperature^  for  about  ten  hours.  After 
opening  the  digester  and  distilling  up  to  140®,  water  was  added 
and  the  distillation  continued  as  long  as  any  silicic  ethyd  con- 
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tinued  to  pass  ov&r  with  the  vapor;  the  apparatus  was  then 
cleaned  ana  a  new  operation  commenced.  As  an  example  of  a 
number  of  such  operations,  we  may  cite  one  series  in  which  769 
grms.  of  zinc-ethyd  and  480  grms.  of  chlorid  of  silicon  were 
employed.  We  obtained  225  grma  of  perfectly  pure  silicic- 
ethyd-=-about  half  the  theoretical  quantity. 

!ui  order  to  understand  the  phase  of  the  reaction,  which 
results  in  the  formation  of  gaseous  products,  and  of  metallic 
zinc,  we  examined  the  gases,  which  were  given  off  on  opening 
the  digester,  by  passing  them  through  bromine,  freeing  the  gas, 
which  was  not  absorbed,  from  the  excess  of  bromine,  and  col- 
lecting it  over  mercury.  The  quantity  evolved  in  an  operation 
is  very  large,  and  there  was  no  difficmty  in  using  the  first  por- 
tions of  the  gas  to  remove  the  air  from  the  apparatus  containing 
bromine,  and  in  collecting  at  the  end  a  peiiectly  pure  sample 
for  analysis. 

The  analysis  of  the  gas,  which  was  not  absorbed  by  bromine, 
gave: 

Volume  of  the  gas     -        -        -        -  =  5*17 
Oxygen  added'     ...        -  27*72 

Oontraction 1310 

OaT^Hmic  add       ....  10'26 

JRemaining  oxygen  determined  by  deto- 
nation vdth  H      '        '        '  9'50 

Conseauently  two  volumes  of  the  gas  contained  612  volumes 
of  H,  ana  1*98  volumes  of  carbon  vapor. 
A  second  analysis  gave : 

Volume  of  gas        .        .        -        .  =  6*66 

Oxygen  added     -        -        -        .  26*61 

Contraction 17*30 

Carbonic  add     ...        -  1302 

Remaining  oocygen  -         -        -         -  2*94 

Two  volumes  of  the  gas  contained  6*36  volumes  of  H,  and 
1*96  volumes  of  carbon  vapor. 

The  gas  was  the  hydrid  of  ethyl  C^H,,  two  volumes  of  which 
contain  six  volumes  of  hydrogen  and  two  volumes  of  carbon 
vapor. 

The  bromid  which  was  obtained  by  the  absorption  of  a  part 
of  the  gas  by  bromine,  after  having  been  washed  with  a  solution 
of  caustic  potash,  dried  and  distilled  at  132^-134^,  was  tmalyzed 
wiA  the  following  result : 

L  Substance  =0'S695  grms.  ;  AgBr=0'7S15  grms. 

n.  /SM&tonce=  0-2712  grms. ;  CO^  =^0'1S30 grms. ;  5, 0=0*0608 

grm>s. 
m.  Substa/nce=0'S26d grms. ;C 0^=^0-1600 grms.; S,O=^0<i690 

grms. 
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The  body  is  consequently  the  bromid  of  ethylene,  ^nd  the 
gases,  which  are  fonn^  during  the  preparation  of  silicic  ethyd, 
are  simply  those  which  are  known  to  arise  from  the  decomposi- 
tion by  means  of  heat  of  zinc-ethyd. 

The  question  suggests  itself:  are  intermediate  products,  aris- 
ing fix>m  an  incompete  replacement  of  chlorine  by  ethyl  in  the 
chlorid  of  silicon,  also  formed?  Such  products  should  have 
the  composition:  Si(CyBt)sCl;  Si(C,H5)aCl, ;  Si(CaH5)a„  and 
should  boil  at  points  intermediate  between  152°,  the  boiling 
point  of  silicic  etnyd,  and  42**,  the  boiling  point  of  chlorid  of  sil- 
icon. The  question  must  be  answered  in  the  negative ;  for  after 
a  large  number  of  fractionated  distillations  of  the  product 
^obtained  in  an  operation,  where  a  considerable  excess  qf  chlorid 
of  silicon  was  used,  it  could  be  separated  almost  completely 
into  chlorid  of  silicon  and  silicic  ethyd,  and  no  bodies  appeared 
with  fixed  boiliujg  points  between  42**  and  152**.  The  small 
quantity  of  liquid,  which  was  eventually  obtained,  distilling 
between  these  points,  was  treated  with  caustic  potash,  and  gave 
no  more  of  a  compound  containing  oxygen  than  was  ordinarily 
obtained  in  everv  preparation  of  silicic  ethyd,  and  whose  mode 
of  formation  is  aescribed  below. 

We  failed  also  to  obtain  intermediate  compounds  on  heating 
chlorid  of  silicon  and  silicic  ethyd  together  m  sealed  tubes  for 
15  hours,  at  a  temperature  of  240^  The  product  could  easily 
be  separated  by  repeated  distillation  into  tne  two  bodies  which 
were  originally  mixed. 

It  appeared  probable  that  silicic  ethyd,  and  perhaps  interme- 
diate Dodies,  might  be  formed  by  a  process  analagous  to  that 
employed  by  Frankland  and  Duppa*  to  obtain  boric-ethyd, 
B(C3B!5)8,  namely :  by  the  action  oi  zmc-ethyd  upon  normal  sili- 
cic ether.  We  found,  however,  that  the  two  bodies  do  not  act 
upon  each  other,  even  at  a  very  high  temperature ;  indeed  the 
tenacity  with  which  silicon  retains  its  hold  upon  oxygen  ren- 
ders tms  result  not  surprising. 

A  most  interesting  phase  of  the  reaction  between  zinc-ethyd 
and  chlorid  of  silicon,  is  the  one  which  gives  rise  to  the  forma- 
tion of  tiie  body  containing  oxygen,  which  has  been  noticed 
abova  As  has  been  already  stated,  concentrated  sulphuric 
acids  frees  the  crude  silicic  ethyd  from  a  small  quantity  of  a 
foreign  body,  which  is  soluble  in  the  acid.  This  body  separates 
from  the  solution  when  the  sulphuric  acid  is  diluted  with  water, 

*  Annales  de  Ohimie  et  Phannacie,  ozr,  319. 
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and  floats  upon  the  surface  of  the  solution.  It  bums  with  a 
siliceous  smoKC,  has  a  disagreeable  odor  until  it  has  been  purified 
by  repeated  distillations,  and  boils  at  about  285®.  The  product, 
which  was  purified  as  far  as  possible  by  a  number  of  distilla- 
tions, was  analyzed. 

L  jSub8tance=0'1861  grms. ;  CO2=0-4090  grms. ;  ^720=0-2068 

grrns. 
IL  ITie  product  of  another  operation^  whose  boiling  point  was  229®- 

235®.     /S^&Jtowce=0-2585  grms. ;    (70a=0-6868  grms.  ;  H^O^ 

0-2856. 


L 

n. 

Calculated  for  0)||(§H.), 

58-54 
12-19 

0=59-94 
H=12-84 

57-71 
12-51 

Only  a  small  quantity  of  this  body  is  produced  in  the  prepa- 
ration of  considerable  quantities  of  silicic  ethyd,  and  we  have 
not  succeeded  in  isolating  it  in  a  perfectly  pure  state  during  ' 
that  preparation;  its  composition  is,  however,  not  doubtjfii^ 
and  we  were  able  to  recognize  its  identity  with  the  same  oxyd, 
which  can  be  easily  obtained  and  purified  by  a  method  described 
below.  This  oxyd  must  be  derived  from  the  oxyd  of  zinc, 
which  is  formed  by  the  action  of  the  air  upon  zinc-ethyd  while^ 
charging  the  digester.  Friedel  and  Ladenburg*  have  found 
that  firee  and  combined  oxygen  can  be  substituted  for  a  part  of 
the  chlorine  in  chlorid  of  silicon,  with  formation  of  the  oxy- 

chlorid,  O  ]  sjQi  •     This  oxychlorid  is  probably  formed  in  the 

digester  fix)m  the  oxyd  of  zinc,  and  acts  upon  the  zinc-ethyd  to 

form  the  oxyd  0  \  gifcS  v  ''^^^^  analysis  is  given  abova 

This  oxyd  may  oe  considered  as  the  ether  of  the  radical  silicic- 

triethyd  0  ]  a:  ( p]+^  >  a^^d  as  analogous  with  the  simplest  eth^  of 

t  fyzx 
the  ordinary  series,  0  \  q^  ,  silicon  replacing  the  carbon,  and 

ethyl  the  hydrogen.  It  is  more  difficult  to  decompose  than  the 
ordinary  ethers,  and  resists  the  action  of  many  of  the  agents  * 
which  remove  radicals  from  common  ether ;  one  of  us,  however, 
has  succeeded  in  obtaining  a  double  decomposition  by  means  of 
the  chlorid  of  acetyl ;  but  the  study  of  the  products  of  the  reac- 
tion is  not  yet  completed. 

Action  op  Bromine  on  Silicic  Ethyd. 

Nothing  distinguishes  silicic  ethyd  more  completely  from  the 
compounca  hitherto  obtained  by  the  action  of  the  chlorids  of 

*  Gomptes  Rendus  de  rAcad^mie  des  Sdenoes,  Ixyi,  639. 
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the  elements  on  zinc-ethyd,  than  the  manner  in  which  it  acts 
with  bromine  and  chlorine ;  thus  fiur  the  only  reaction  known 
for  such  bodies  is  that  in  which  the  union  between  the  alcoholic 
radical  and  the  other  element  is  severed,  and  the  bromine  or 
chlorine  takes  the  place  of  the  alcoholic  radical 

The  researches  K>r  instance,  which  have  been  made  by  several 
chemists*  on  stannic-ethyd,  show  that  the  action  of  bromine 
on  that  body  is  represented  by  the  eauation ;  Sn(CaH5)4+Bra= 
Sn(C2EL)8Br-|-C)aH5Br.  We  expectea  a  precisely  similar  reac- 
tion witn  silicic  ethyd,  and  were  surprised  to  find  that  the  ethyl 
was  held  so  strongly  by  the  silicon,  that  it  could  not  be  re- 
moved by  bromine  or  by  chlorine,  and  that  the  only  action  was 
a  substitution  of  the  bromine  or  chlorine  for  hydrogen  in  the 
orranic  radical 

Bromine  does  not  attack  pure  silicic  ethyd  at  the  ordinary 
temperature ;  but  when  two  atoms  of  bromine  are  heated  in  a 
sealed  tube  with  silicic  ethyd  for  IJ  hours  at  140®,  the  color  of 
the  bromine  disappears  completely,  and  on  opening  the  tube  a 
large  Quantity  of  bromhydric  acid  escapes,  while  not  a  trace  of 
bromia  of  ethyl  can  be  obtained  by  heating  the  liquid.  The 
contents  of  the  tube  distil  at  160° — ^260°,  leaving  a  small  quan- 
tityof  carbonized  matter  as  a  residua 

We  could  not  succeed  in  isolating  a  product  with  a  constant 
boiling  point  by  fi-actionated  distillation. 

The  portion  of  the  liquid  which  distilled  280"*— 240**  ap- 
peared to  have  nearly  the  composition  of  the  mono-bromated 
compound,  but,  on  redistilling,  the  portion  which  distilled  at  a 
lower  temperature,  220® — ^230®,  was  found  to  contain  less 
carbon  and  hydrogen,  and  there  was  an  appearance  of  decom- 
position during  the  distillation. 

L  Boiling-point  =230^-240®.     Substance  =0-2990  grms. ;  CO^- 

0-4810  ^rww;  Jya0=0-2400  omTW. 
IL  Aw7m^./xnn^=220®-230®.     Suh8tance=0'Z2i5  gmia. ;  CO^- 

0'i920  grms;  3^0=0-2400  grms. 
UL  Same  8ub8ta7ice=0'6250  grms. ;  AgBr=0'6051  grma. 


1 

n. 

m 

OalcuktedforSiOiHigRr. 

C    48-8 

41-30 

•••• 

48-65 

H      8-8 

8-21 

8-62 

Br   .... 

.--• 

84-S8 

85-87 

We  suspected  that  the  portion  of  the  liquid  having  the  highest 
boiling  point  might  contain  a  dibromated  product,  and,  after 
a  distdmtion  in  vacuo,  analyzed  a  body  which  distilled  at 
120^-140^ 

*  FranUand,  Annalen  der  Ohem.  und  I^nn.,  Izxxr,  p.  329 ;  ozi,  p.  44.  Bnckton, 
ibid,  oix,  p.  218;  oxii,  p.  220;  Cahoan,  AnnaloB  de  Chim.  et  Phjs.,  m,  Izii, 
p.  376. 
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L  Boiling'point=120^-140^  in  vacuo.     Sub8iance=0*4SOO  grms. 
AgBr==0'6S60  grms. 

L  Oalcolated  for  SiCbHisBn. 

Br=48-70  52-98 

Not  succeeding  in  obtaining  a  pure  monobromated  silicic 
ethyd,  we  heated  the  first  product  analyzed  with  acetate  of 
silver  with  the  intention  of  obtaining  an  acetate,  and  finally  of 
obtaining  from  the  acetate  by  saponification  with  caustic 
potash  an  alcohol  The  fonnxQas  of  the  bodies  thus  sought 
are,  SiCeH  C,HA  and  SiCaH  HO.  Neither  of  them,  how- 
ever, were  produced,  and  we  obtained  no  better  result  by  heat- 
ing the  bromated  product  to  200®  with  an  alcoholic  solution  of 
acetate  of  potassium.  The  treatment  with  caustic  potash  of 
the  product  which  had  been  heated  with  salts  of  acetic  acid 
ML&i  to  extract  the  slightest  trace  of  acetic  acid,  showing  that 
no  acetate  had  been  formed  and  the  principal  body  whicn  was 

obtained  was  the  oxyd,  0  j  s!/^h!v  ^^^^^  formation  we  had 

already  noticed  in  the  preparation  of  silicic  ethyd.    This  pro- 
duct boilmg  at  228°-231'*  was  analyzed. 

L  Boiling'point=228''-231^.     Substance^  0-2222  grms.  ;   COr= 
04743  grms.  ;  H<iO=0'24:17  grms. 

We  found  that  the  same  oxyd  was  produced,  whether  the 
bromine  were  removed  fix)m  the  bromated  silicic  ethyd  by 
treatment  with  acetate  of  sUver,  acetate  of  potassium  or  caustic 
potash.  An  analysis  was  made  of  a  product  which  was  ob- 
tained by  heating  the  bromated  silicic  ethvd  repeatedly  with 
soHd  caustic  potash,  and  which  boUed  at  230 — ^235^ 

IL  J3WZ%:pam^=280*^-235^     /SW«tonoe=0-3305  grms. ;   H^O 
=0-3660. 

iSi(OtH»)t 
!  8i(0,Ho). 


I. 

IT. 

Oalcolated  for  0 

0=58-21 
H=12-09 

58-75 
12-80 

58-54 
12-19 

The  last  product  was  not  entirely  pure  but  contained  a  trace 
of  bromine,  and  it  is  very  difficult  to  remove  the  bromine  com- 
pletely fix)m  the  bromated  product,  even  by  a  prolonged  action 
of  solid  caustic  potash.  Several  analyses  which  were  made  of 
the  liquid,  which  had  not  been  treated  so  long  a  time  with 
caustic  potash,  showed  that  it  still  contained  a  considerable 
quantity  of  bromine. 

It  appears  fix>m  these  data  that  the  bromated  silicic  ethyd, 
when  treated  with  substances  containing  oxygen  combined 
with  metals  having  a  strong  affinity  for  bromine,  loses  the  atom 
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of  ethyl  in  which  the  bromine  was  contained  and  takes  up 
oxygen  in  its  placa  The  reaction  is  probably  represented  by 
the  equation : 

2Si(C^s),C,H4Br+2KHO=0  j  |H^K2KBr+HaO+CaH4. 

When  a  small  quantity  of  iodine  is  added  to  the  bromine, 
bromid  of  ethyl  is  formed  by  their  joint  action  upon  silicic 
ethyd  at  140*". 

The  bromid  of  ethyl  thus  obtained,  distilling  at  about  40*^, 
was  analyzed. 

1  /SM&Jto7ice=0-6755  grma.  ;  OO,=0-5565  grma.  ;  ^aO=0-2855 

grms. 

CaJkralated  for  OsHefir. 

0=22-42  22-01 

H=  4-70  4-58 

Iodine  is  almost  entirely  without  action  upon  silicic  ethyd : 

2  e<juivalents  of  iodine  were  heated  with  one  equivalent  of 
silicic  ethyd  at  180°  for  12  hours,  very  little  iodhydric  acid  and 
not  a  trace  of  iodid  of  ethyl  were  formed.  It  is  well  known 
that  all  the  other  ethyds,  obtained  by  a  reaction  similar  to  that 
which  gives  rise  to  silicic  ethyd,  are  easily  decomposed  by 
iodine  with  the  formation  of  ioaid  of  ethyL 

The  Oxyd  of  Silicic  Tbi-ethyd. 

The  reaction  civen  above  oflfers  the  most  convenient  means 
for  obtaining  me  oxyd  in  considerable  quantity,  while  its 
solubility  in  concentrated  sulphuric  acid,  which  has  already 
been  used  to  separate  it  from  the  pure  silicic  ethyd,  serves  also 
to  free  it  from  the  traces  of  the  bromated  product,  which 
remain  after  the  action  of  caustic  potash  has  been  carried  as  &r 
as  possibla  On  treating  the  product  analyzed  above.  No.  IE, 
witn  sulphuric  acid  a  simdl  quantity  of  a  gas,  which  did  not 
contain  oromine  was  given  off,  and  a  small  quantity  of  silicic 
ethyd  oontaininjg  a  little  bromine  remained  insoluble  in  the  sul- 
phuric acid.  The  presence  of  silicic  ethyd  accounts  for  the 
slight  excess  of  carbon  and  hydrogen  of  analysis  IL  The 
larger  part  was  dissolved  in  sulphuric  acid  and  was  separated 
from  its  solution  by  diluting  with  water.  After  having  been 
washed  with  water  and  dried,  |  of  it  distilled  at  228"*— 230'*. 

I  BoxUng-point  =228*'-230*'.     SvhsUince=^0l910  grms. ;  COi= 

0-1495  arms. ;  J3;O=0-2160  grms. 
n.  Same  «^J5tonce=0-2860  grms.  ;  /Si'Oa=0-1845  grms. 

The  determination  of  silicic  acid  was  made  by  heating  the 
liquid  in  a  sealed  tube  with  strong  nitric  acid. 
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I.  n.         Criculatedforo||{C^f2 

C=6807  ....  68-64 

H=1218  ....  12-19 

Si=....  21-98  22-76 

The  density  of  vapor  of  the  oxyd  of  silicic  triethyd  was 
obtained  from  the  following  data : 

Difference  of  weights  of  the  btilb=l'2245  grms. 


Temperature  of  the  balance^ 

13° 

Temperature  of  the  oil-bathj 

285** 

Barometer^ 

760-0««» 

Capacity  of  the  bulb, 

284-0  C.C 

Air  remaining, 

1-3  cc. 

Vapor  density,                =8-698 

Calculated  for  0{  II  jg»g*> 

8-51 

Action  of  Chlobine  on  Silicic  Ethyd. 

When  dry  chlorine  gas  is  passed  into  silicic  ethyd  in  a  vessel 
surrounded  by  cold  water,  the  liquid  is  at  first  colored  yellow 
by  the  absorption  of  chlorine;  suddenly  this  coloration  dis- 
appears and  chlorhydric  acid  is  disengaged,  and  from  that 
time  forward  chlorhydric  acid  is  disengaged  as  fitst  as  the 
chlorine  is  absorbed,  and  no  further  coloration  takes  place. 
Not  even  a  trace  of  chlorid  of  ethyl  is  produced  In  order  to 
avoid  the  formation  of  products  containing  too  large  a  propor- 
tion of  chlorine,  the  operation  is  interrupted  from  time  to  time 
and  all  of  the  liquid,  which  boils  at  a  temperature  lower  than 
160°,  is  distilled  oflP,  and  the  distillate  is  treated  as  before  with 
chlorine.  Finally  the  residues  thus  obtained  are  subjected  to  a 
fractional  distillation. 

Although  we  operated  on  a  considerable  quantity  of  silicic 
ethyd,  and  made  a  large  number  of  fractional  distillations  of 
the  chlorated  product,  we  were  unable  to  isolate  bodies  having 
constant  boiling  points  and  corresponding  in  composition  to  the 
mono-  and  bi-chlorated  silicic  ethyd.  Analyses  were  made  of 
the  products  which  distilled  at  diflferent  temperatures  after  a 
nuinber  of  fractional  distillationa 

L  jRn7%.oom<=180°-190°.     Svhstance=^0'21i,0  grms.;  00^= 

0-4210;  ff^O=0'2086  grms. 
n.  Same  siAstance=0'SS70  grms. ;  Ag 01=0-2670  grms. 

Repeated  distillation  decomposes  partially  the  chlorated  com- 
pound, and  products  having  tne  same  boiling-point  contain  a 
smaller  amount  of  carbon  and  hydrogen,  after  they  have  been 
distilled  a  number  of  times. 
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ITL  This  analysis  was  made  from  a  liquid  whose  boiling-point  was 
180° — 185°,  biU  which  had  been  distilled  a  larger  number  of 
times  than  the  last 
Substance=0'25^grms.  00^=0-4750  grms.;  JJ, 0=0-2432  g^rTrw. 

The  following  analyses  were  made  of  products  belonging  to 
the  same  series  of  distillations  as  the  first. 

IV.  Boiling-point=U0''-200''.      Svbstance=0'2686  grms.  ;    00^ 
=04785  grms.  ;  jB;O=0-2280  grms, 

V.  Same  suistance=^0'S136  grms, ;  AgOl=^0'S2S8  grms. 

VL  Another  product  boiling  at  190°-200°.      Substance=0'2S4t5 
grms.  OO^=0'4A00  grms. ;  5;0=0-2145. 

The  composition  of  all  these  products  approaches  that  of 
monochlorated  silicic  ethyd. 

I.  IL  m.         rV.  V.        VI.    Calculated  for  SiCeHuCL 

C=5415     ....     51-00  50-48    ....   5117  58-72 

H=10-92    ....     10-68     9-80   ....    10-06  10-64 

Cl=....    19-39     25-51   ....  19-00 

Corresponding  results  were  obtained  in  the  analysis  of  several 
other  products  distilling  at  about  the  same  temperature. 

Two  products  boiling  at  a  higher  temperature  had  nearly  the 
composition  of  the  dichlorated  silicic  ethyd. 

L  Boaing-point  =200^-210°.     Substance  =0*2245  grms. ;  C0,= 

0-3875  ^rT/w. ;  5;0=0-1817. 
n.  Boiling-point=20b''-'2\0''.     Substance=0'24S5  grms. ;  C 0^= 

0-4155  grms. ;  H2O=0'2015  grms. 


I. 

n. 

Calculated  for  Si  CHuGh: 

C=47ll 

46-58 

45-07 

H=  8-99 

9-19 

8-45 

The  decomposition  during  distillation  is  so  rapid  in  the 
neighborhood  of  230°,  that  it  was  pushed  no  further.  Accord- 
ing to  the  above  analysis  the  boiling  point  of  monochhlorated 
silicic  ethyd  is  about  180**,  and  the  boiling  point  of  dichlorated 
silicic  ethyd  is  about  210°. 

After  liaving  thus  endeavored  in  vain  to  isolate  the  mono- 
chlorated and  dichlorated  products,- we  noticed  that  after  a  large 
number  of  fi'actional  distillations  a  considerable  portion  dis- 
tilled at  190^-195°,  and  we  made  an  analysis  of  this  product 

L  Boiling  point  190°-195°.     Substance^O'2740  grms.;    00^= 
0'49S0  grms.;  HiO=0'2S80  grms. 


L 

SiCgHitCL 

Mean. 

SC^HisCiS. 

0=49-07 

68-72 

49-39 

46-07 

H=  9-65 

10-64 

9-54 

8-46 
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It  appears  that,  in  a  mixture  of  equal  equivalents,  the  two  chlo- 
rated  products  have  a  tendency  to  distu  together  at  a  constant 
temperature.  Bauer*  has  noticed  an  analogous  fistct  in  regard 
to  the  bromids  of  ethylene  and  propylene 

Distillation  having  been  found  inenectual  to  separate  the  chlo- 
rated  silicic  ethjds,  we  sought  to  obtain  a  separation  of  these 
products,  or  better  still,  of  their  derivatives,  by  chemical  means, 
and  in  this,  after  a  number  of  experiments,  we  succeeded. 

We  noted  that  the  chlorated  products  are  not  attacked  by  an 
alcoholic  solution  of  acetate  of  potassium,  except  at  a  high  tern- 
}  perature,  and  also  that  the  one  containing  two  atoms  of  chlo- 
rine is  more  easily  attacked  than  the  other.  In  fact,  the  pro- 
duct containing  most  chlorine  is  destroyed  at  a  temperature  of 
180®  to  140*^,  while  the  monochlorated  product  is  not  acted  up- 
on at  that  temperature,  and  it  can  be  separated  fix>m  the  other 
by  taking  advantage  of  this  property. 

The  chlorated  bodies  distifiinff  at  ISO*"  to  200^  were  heated 
for  8  to  4  hours,  at  180®  to  140  ,  in  sealed  tubes,  with  an  ex- 
cess of  melted  acetate  of  potassium  dissolved  in  absolute  al- 
cohol Chlorid  of  potassium  is  precipitated,  and  on  opening 
the  tubes  a  combustible  gas  is  disengaged.  On  adding  a  con- 
siderable quantity  of  water  to  the  contents  of  the  tubes,  the 
salts  are  dissolvea,  and  an  oily  liquid  is  separated.  This  liquid, 
after  having  been  washed  with  water  and  oried,  was  treated  with 
strong  suhmuric  acid,  in  which  the  monochlorated  silicic  ethyd 
is  insoluble,  while  the  products  of  decomposition  of  the  higher 
chlorated  compounds  are  soluble.  These  last  seem  to  consist 
principally  of  the  oxyd  of  silicic  triethyd. 

The  insoluble  liquid  was  drawn  off  by  means  of  a  pipette, 
washed  with  water,  dried  and  distilled.  We  did  not  attempt  to 
free  it  from  the  slight  quantity  of  silicic  ethyd  which  it  con- 
tained, for  fear  of  losing  too  much  of  theproduct,  but  pre- 
ferred to  use  it  for  the  foflowing  reaction.  The  liquid  obtained 
by  the  process  described  above,  distilling  180®  to  190®,  was 
sealed  in  a  tube,  with  an  alcoholic  solution  of  acetate  of  potas- 
sium, and  heated  at  a  higher  temperature  than  before,  namely, 
at  180®,  for  several  hours. 

Thb  Acetio  Bthbb  and  the  Alcohol  op  Silicic  Ethtb. 

At  180®,  the  monochlorated  product  is  acted  upon  by  acetate 
of  potassium,  chlorid  of  potassium  i^  formed,  and  on  opening 
the  tube  no  disengagement  of  gas  is  noticed,  as  in  the  case  of 
the  higher  chlorated  products.  Aft^er  adding  water  to  the  con- 
tents of  the  tube,  a  liquid  separates  out,  which  is  mostly  soluble 
in  concentrated  sulphuric  acid.     The  treatment  with  sulphuric 

«  Bulletin  de  la  Sod^  Chimique,  i,  p.  203. 
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acid  was  resorted  to  in  order  to  purify  the  principal  product 
from  a  small  quantity  of  the  undecomposed  chlorated  product, 
and  of  silicic  ethyd,  which  remain  insolubla  The  somtion  in 
sulphuric  acid  was  carefully  decanted  and  slowly  poured  into  a 
flask  containing  a  considerable  quantity  of  water  in  order  to 
avoid  an  elevation  of  temperature.  An  oily  liquid  separated 
on  the  surface,  which,  after  having  been  washed  and  dried  with 
chlorid  of  calcium,  distilled  almost  completely  at  208°  to  214°. 
It  had  a  faint  ethereal  odor,  and  smelt  also  of  acetic  acid.  It 
burnt  with  a  luminous  flame  and  a  smoke  of  silicic  acid. 

This  liquid  proved  to  be  the  acetate  derived  from  silicic  ethyd 
by  the  reaction  which  is  represented  by  the  following  equation : 
SiC8H,Cl+KC8H802=SiC8HwC!3H30a+KCL 

It  may  be  considered  as  an  acetic  ether,  in  which  the  residue 

SiCeHj,  plays  the  part  of  monoatomic  radical  ^  ^^'  [  0. 

At  first  the  method  of  purification  with  sidphuric  acid  was  not 
employed  and  the  range  of  temperature  at  which  the  ether  dis- 
tilled was  larger.  The  following  analyses  were  made  of  such 
products : 


I.  Bail{ng-poi7U==200''-'2W—Substance=0'2226  grms. ;    COi= 

0  4845  grms.;  ^,0=0-2278  grms, 
n.  jBbt7%-2>(nn^=209°-215°— /Si^65toncc=0-274S  grms.;   CO^^ 

0-5900  577^15.;  ^,0=0-2755  grms. 
UL  Boiling'point=2W-225''—Substance=0'294,0  grms.;  002= 

0-6385  grms.;  HiO^O'SlOO  grms. 
IV.  Boiling'poirit=219''-224:''—Siibstance=0'201Sgrm^.;  COz^ 

0-4335  grm^;  ^20=0-2115  grms. 

I.  n.  m.  rv.       calculated  for  SiCsHwCjHjOa. 

0=59-88        58-66        59-23        58-73  59-40 

H=ll-37        11-15        11-71        11-67  1089 

After  the  treatment  with  sulphuric  acid  a  perfectly  pure  prod- 
uct was  obtained. 

L    Boiling-point  =208°-214°—/SW>5toncc= 0*2190  grms.;  00^— 

0-4790  grms.;  5iO=0-2210  grms. 
n.    BoUing-point  =209''-210°—Substance=0'264:0  grms.;  00^= 

0-5560 grms.;  ^,0=02580 grms. 


L 

n. 

Calculated  for  SiCsHnQtHtOi. 

59-65 

59-69 

69-40 

11-21 

11-28 

10-89 

The  results  of  an  elementary  analysis  are  not  very  decisive  of 
the  purity  of  a  compound  of  tnis  nature,  and  the  best  means  of 
obtaining  the  true  composition  of  the  ether  of  an  acid  is  afforded 
by  its  saponification  with  caustic  potash. 

Ax.  JouB.  Sol— Sbooivd  Sbbibb,  Vol.  XLIX,  No.  147.— Mat,  187a 
21 
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Our  ether  proved  to  be  so  stable,  that  its  saponificatioii  could 
not  be  completely  effected  by  heating  it  to  180®  with  an  aque- 
ous solution  of  potash,  but  it  can  readily  be  accomplishea  by 
heating  to  120  -ISO®  with  an  alcoholic  solution  of  caustic 
potash. 

L  0*5954  gnns.  of  the  ether  were  sealed  in  a  tube  with  four 
grms.  of  an  alcoholic  solution  of  caustic  potash  and  with  an 
additional  quantity  of  alcohol  The  saponincation  was  effected 
by  heating  the  tube  to  ISO®.  Four  grma  of  the  potash  solution 
required  for  neutralization  10*8  cc.  of  a  solution  of  sulphuric 
acid,  containing  01118  grma  HsSO^  per  cubic  centimeter.  The 
contents  of  the  tube,  a^r  the  potash  had  been  partially  neu- 
tralized by  the  acetic  acid  derivea  fix)m  tiie  saponincation  of  tiie 
ether,  only  required  8*6  cc.  of  the  sulphuric  acid  solution  for 
complete  neutralization;  consequently  the  quantity  of  acetic 
acid  present  in  the  ether  corresponded  to  2*2  cc.  of  the  sulphuric 
acid  solution.  According  to  calculation  it  should  have  been 
2*6  cc  In  order  to  prove  that  acetate  of  potassium  had  really 
been  formed,  the  neutralized  solution  was  evaporated  on  a 
water-bath,  and  the  dry  residue  was  treated  with  absolute 
alcohol  Acetate  of  potassium  was  dissolved  by  the  alcohol, 
and  could  be  easily  recognized  on  evaporating  the  solution. 

The  other  product  formed  during  the  saponification  must  be 
an  alcohol  of  silicic  ethyd  containmg  the  same  radical  as  the 
above  mentioned  acetic  ether,  and,  on  repeating  the  experiment 
with  a  considerable  quantity  of  substance,  we  succeeded  with- 
out difficulty,  on  treating  with  water  the  alcoholic  solution  after 
saponification,  in  obtainmg  such  a  compound.  The  alcohol  of 
silicic  ethyd  is  a  liquid  lighter  than  water,  and  insoluble  in  it, 
and  boiling  at  about  190®.    Its  formula  is  SiCgHuOH. 

L  Substance  inc(mpktely  purified  distilled  185®-190®.     Substance 
=0-1477  grms. ;  (7O,=0*8200  grms. ;  5iO=0*1667  grms. 

n.  Purified  substance  boUing  185® - 195®— /SW«<ance= 0*2100 
grms. ;  CO2=0*4600  grms.  ;  -ff,O=0*2S55  grms. 

ILL  Same  substance=0'ld70  grms.  ;  (70a=0*4S20  grms.  ;  H^O- 
0*2210  grms. 

L  n.  m.        Calculated  for  SiaHisOH 

0=59*08  69*74  59*80  60O0 

H=12*54  12*46  12*46  12*50 

The  properties  of  this  body,  so  fer  as  we  have  studied  them, 
are  entirely  similar  to  those  of  the  alcohols  of  the  ordinary 
series,  which  contain  a  large  number  of  atoms  of  carbon. 

We  have  already  shown  that  it  forms  an  ether  with  acetic 
acid;  it  also  forms  an  alcoholate  of  sodium,  dissolving  that 
metal  with  disengagement  of  hydrogen  to  form  a  gelatinous 
mass,  which  regenerates  the  alcohol  and  gives  a  solution  of 
caustic  soda,  when  it  is  treated  with  water. 
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It  is  apparent,  from  the  facts  above  cited,  that,  in  a  certain 
class  of  reactions,  the  group  of  atoms,  SiCgHn,  remains  intact, 
and  plays  the  part  of  a  compound  radical,  in  fiie  same  way  that 
the  ordinary  alcoholic  radicals,  like  ethyl,  (QjHs),  and  amyl, 
(C5H11),  remain  imdecomposed  in  the  same  class  of  reactiona 
The  new  body,  in  its  relations  to  many  reagents,  is  simply  a 
new  hydrocarbon,  with  silicon  substituted  for  a  portion  of  the 
carbon. 

It  is  most  remarkable  that  the  presence  of  silicon  in  the 
hydrocarbon  modifies  its  properties  to  so  slight  a  degree :  id  fact 
wo  have  considered  silicic  ethyd  as  belonging  to  the  same  class 
of  bodies  as  the  petroleum  oils,  and  have  applied  to  it  the  same 
methods  of  study  which  have  been  used  so  successfully  by 
Pflouze  and  Cahours*  in  treating  the  American  petroleums, 
and  have  obtained  similar  residts.  The  want  of  the  necessary 
material  has  prevented  us  from  completing  the  study  of  the 
alcohol,  but  we  hope  to  take  up  the  research  again. 

We  may  embody  this  idea  of  the  theory  of  the  constitution  of 
silicic  ethyd,  and  recall  its  analogy  with  a  well  known  class  of 
hydrocarbons,  by  naming  it  the  hyarid  of  sHico-nonyl,  The  alco- 
hol is  sUt'co-nonylic  alcohol  containing  the  radical  silico-nonyl 
(SiCgHi,) 

Hydnd  of  nonyl,  (CjHao),  of  which  the  sihcic  compound  may 
be  r^arded  as  a  pioauct  of  substitution  of  silicon  for  one  atom 
of  canx>n,  shoidd  be  obtained  by  the  action  of  zinc-ethyd  on  the 
chlorid  of  carbon— CCI4  +  2Zn(CaH6),=2ZnCl,  +  [C(C^5)4  = 
OgHao],  and  we  have  made  some  experiments  with  a  view  to  pre- 
paring it  in  this  way.  Thus  fer,  however,  we  have  fidled  to 
obtain  the  reaction  with  chlorid  of  carbon  and  zinc  ethyl  alone, 
and  also  with  zinc  ethyl  to  which  sodium  has  been  added. 

Friedel  and  Ladenburgf  have  obtained  a  hydrocarbon  by  the 
action  of  zinc  ethyd  upon  methyl-chloracetiS,  whose  composi- 
tion is  represented  by  the  formula  C(CH8)s(CjH5)a,  and  wnich 
must  be  regarded  as  analogous  in  constitution  and  mode  of 
formation  with  the  body,  wnich  we  sought  to  obtain  fr^m  the 
chlorid  of  carbon,  so  that  the  production  of  the  latter  may  be 
considered  as  probabla 

We  have  noticed,  while  studying  the  bromated  products  of 
substitution  of  silicic  ethyd,  that  in  them  the  residue  SiCsHu 
combined  with  the  bromine  does  not  act  like  an  alcoholic  radi- 
cal, but  that,  when  they  are  brought  in  contact  vrith  acetate  of 
potassium^  or  with  caustic  potash,  the  atom  of  ethyl  containing 
the  bromine  is  separated  from  it  and  replaced  by  oxygen,  to 
form  the  oxyd  of  silicic  triethyd ;  the  same  is  true  of  the  chlo- 
rated  compounds,  which  contain  more  than  a  single  atom  of 

*  Oomptet  Bendus  de  PAcad^mie  des  SoienooB,  !▼{,  p.  665, 1863. 
f  Oomptes  Rendus  de  I'Acad^mio  des  Sdenoes,  bdU,  p.  1083,  and  Bulletin  de 
la  bodM  Chimique,  [2],  yii,  p.  65. 
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chlorine,  and  here  the  presence  of  silicon  reveals  itself  in  the 
hydrocarbon,  determining  a  point  of  weaker  cohesion,  which 
r^ults  in  the  rupture  of  the  union  between  itself  and  the  carbon 
of  the  atom  of  ethyl  containing  the  chlorine.  In  these  last  men- 
tioned reactions,  therefore,  an  analogy  is  apparent  between 
silicic  ethyd,  and  the  other  known  compounds  of  organic  radi- 
cals with  metals. 

The  chlorated  silicic  ethyd,  whose  boiling  point  was  210®- 
220°,  was  experimented  upon,  and  the  body  was  heated  with  an 
excess  of  acetate  of  potassium  in  alcoholic  solution.  On  open- 
ing the  tubes  we  found  that  the  same  gas  was  given  on  in 
greater  abundance,  whose  production  we  have  alreisuiy  noticed 
5om  the  higher  chlorated  compounds  which  approach  the  mono- 
chlorated  compound  more  nearly  in  their  composition.  In  one 
operation  we  observed  that  the  cas,  which  was  first  evolved, 
contained  chlorine,  and  could  be  absorbed  by  bromine ;  this  was 
not  the  case  with  the  gas  given  off  afterwaroa 

In  another  operation,  in  order  to  obtain  a  clue  to  the  reaction, 
we  passed  the  cas  into  a  solution  of  subchlorid  of  copper  in 
ammonia,  and  men  into  bromine.  A  small  quantity  of  the 
cupric  compound  of  acetylene  and  of  the  bromid  of  ethylene,  or 
of  chlorated  ethylene,  was  formed. 

The  principal  product  of  the  reaction  was  the  same  oxyd  of 
silicic  triethyd,  which  was  produced  by  the  action  of  acetate  of 
potassium  on  tiie  bromated  silicic  ethyd. 

This  product  was  treated  as  before,  with  sulphuric  acid  to 
purify  it,  and  the  following  analysis  was  made  of  it : 

L  Sub8tance=^0'2210  grms. ;  (7O,=04745  grms. ;  5;O=0-2480 
grms. 

L  ClcuIatedforOJH^^); 

0=58-55  58-53 

H=12-S6  12-19 

It  is  possible  that  the  formation  of  this  compound  may  be 
represented  by  the  equation  : 

2Si(CH,),C,H,Cl,+2KC,H,0,=2KCl+0(C,H,0),+ 


2CACi+o{|gg;j; 


The  formation  of  acetylene  may  be  due  to  the  action  of  chlo- 
rated ethylene  upon  the  acetate  of  potassium,  according  to  the 
equation : 

CACl+K  C,H,0,=HC3|H,0a+KCl+C!aH» 

This  interpretation  of  the  reaction  can  not  be  considered  as 
established  without  further  verification  ;  but  one  fact  is  unques- 
tionable, and  appears  to  us  very  important,  namely :  that  it  is  an 
atom  of  ethyl  containing  two  or  more  atoms  of  cnlorine,  which 
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separates  from  the  silicic  ethyd  to  ^ve  rise  to  the  oxyd,  and 
consequentlv  the  continued  substitution  of  chlorine  for  hydro- 
gen takes  place  in  an  atom  of  ethyl  already  containing  chlorine, 
and  not  as  might  have  been  expected  in  an  atom  of  emyl,  which 
contained  no  chlorine  already.  The  fiict  is  contrary  to  our 
usual  ideas,  founded  upon  the  electro-chemical  theory  m  regard 
to  chemical  affinity,  and  its  significance  in  the  study  of  organic 
radicals  is  easily  appreciated.  According  to  the  theory,  a  group 
of  atoms,  alreaay  containing  chlorine,  should  be  less  inclined  to 
receive  a  ftirther  amount,  and  the  substitution  should  take  place 
by  preference  in  the  atoms  of  ethyl  which  are  free  from  chlorine. 
The  observation  which  we  have  made  is  not  without  analogy, 
for  Lieben*  has  shown  that,  in  the  action  of  chlorine  upon 
ordinary  ether,  the  substitution  of  two  atoms  of  chlorine 
takes  place  in  one  of  the  atoms  of  ethyl  to  form  the  body, 

c!h     *  [  ^»   while  the  other  atom  of  ethyl  remains  unacted 

upon,  it  is  remarkable  that  this  analogy  should  exist  between 
ether  and  silicic  ethyd,  a  body  resembling  a  hydrocarbon  so 
much  more  clearly  than  ether  does. 

OXYDATION  OF  SiLICIC  EtHYD. 

We  have  already  stated  that  silicic  ethyd  is  a  very  stable 
compound,  and  that  in  order  to  oxydize  it  completely  with 
strong  nitric  acid  or  with  a  mixture  of  chlorhydnc  acid  and 
chlorate  of  potassium,  it  is  necessary  to  operate  at  a  tempera- 
ture of  180  .  We  endeavored  to  obtain  a  partial  oxydation 
by  heating  with  fuming  nitric  acid  at  a  lower  temperature,  and 
for  this  purpose  an  apparatus  was  made  entirely  of  glass,  in  which 
the  sihcic  ethyd  was  coiled  with  the  nitric  acid,  and  the  vapors 
were  condensed  and  made  to  flow  back  into  the  vessel  which 
was  heated.  After  prolonged  ebullition,  during  which  nitrous 
fumes  were  given  off;  the  product  was  washed  with  water  and 
treated  with  ether,  in  which  it  was  in  great  part  solubla  On 
evaporating  the  etheric  solution  a  viscous  liquid  was  obtained, 
which  could  not  be  distilled,  but  which  was  dried  in  vacuo  over 
sulphuric  acid  and  analyzed. 

L  Suh8tance=^0-221b  grms. ;    COi=0'S880  grms. ;  E^O^O^OIO 

orTYis. 
n.  &ub8tance=Q'i20b  grrm. ;  SiOi=0'1960  grms. 

L  n.  Calculated  for  Si0(CaH.), 

0=46-51  ....  47-05 

H=  9-81  ....  9-80 

Si=.-..  28-53  27-45 

*  Bulletin  de  la  Sod^t^  Ohiraique,  n,  viil,  p.  429,  and  Aiinalen  der  Chem.  und 
Pharm.,  oxli,  p.  236. 
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These  numbers  accord  ver^  neariy  with  those  req^iired  by 
the  composition  of  an  oxyd  SiO(CaH!5)2  in  which  two  atoms  of 
of  ethyl  are  replaced  by  one  atom  of  oxygen,  and  the  body 
would  be  the  next  more  advanced  product  of  oxydation  to 
the  oxyd  of  silicic  triethyd,  but,  as  we  have  not  made  sufl&cient 
experiments  to  determine  the  chemical  properties  of  this  sub- 
stance, we  are  unable  to  form  a  decided  opmion  as  to  its  true 
nature. 

Silicic  Methyb. 

We  first  attempted  to  j)repare  silicic  methyd  bv  means  of 
mercuric  methyd  and  chlorid  of  silicon.  The  two  bodies  were 
heated  together  in  a  sealed  tube  for  15  hours  at  180°-200® ; 
lamellar  crystals  of  mercuric  chlorid  and  methyd  (HcCjHjCl) 
were  formed,  and  a  gas  which  was  not  absorbable  by  bromine 
was  given  off  on  opening  the  tube.  The  liquid  contents  of  the 
tube  were  distilled  with  caustic  potash  in  order  to  destroy  the 
chlorid  of  silicon,  and  were  found  to  consist  chiefly  of  unde- 
composed  mercuric  methyd  together  with  a  small  quantity  of  a 
more  volatile  body,  which  seemed  to  be  silicic  methvd.  This 
mode  of  preparation  not  being  advantageous,  we  had  recourse 
to  zinc  methyd  in  the  next  operation. 

The  mercuric  methyd  was  transformed  into  zinc  methyd  by 
the  process  given  by  Frankland,  and  the  latter  was  heated  with 
an  excess  of  silicic  chlorid  for  several  hours  at  200®.  A 
reaction  commences  at  180°,  but  a  temperature  of  200®  is  neces- 
sary to  render  it  complete.  The  tube  contained  chlorid  of  zinc 
as  a  white  powder,  and  we  were  able  to  obtain  fix)m  it  by  dis- 
tillation a  volatile  liquid,  which,  after  having  been  washed  with 
a  solution  of  caustic  potash,  had  the  same  properties  as  the 
silicic  methyd  obtained  with  mercuric  methyd. 

The  preparation  of  zinc  methvd  by  means  of  the  mercuric 
methyd  is  tedious  and  disagreeaole,  and  we  therefore  preferred 
to  obtain  it  by  the.  action  of  zinc  upon  the  iodid  of  methyl,  a 
method  which  has  been  already  employed  by  Butierow*  on  a 
small  scala  Instead  of  the  glass  tubes  which  he  employed,  we 
used  Frankland's  digester,  in  which  we  heated  zinc-turnings  at 
120®  with  iodid  of  methyl,  taking  the  precaution  to  interrupt 
the  operation  fix)m  time  to  time  in  order  to  cool  the  digester 
with  ice-water,  and  to  open  it  to  allow  the  escape  of  the  gasesf 
which  form  in  large  quantity.      We  obtained  in  this  manner, 

«  Bulletin  de  la  Sod^t^  Chimique,  t,  p.  682. 

f  Notwithstanding  Mr.  ButIerow*8  assertion  (Annalen  der  Chem.  und  Phann^ 
czUt,  p.  39),  that  the  dnc  methyl  gases  are  not  poisonoue^  one  of  us  has  repeatedly 
experienced  ill  effects  from  breathhig  them,  and  it  is  advisable  to  set  them  on  fire 
as  they  issue  from  the  digester.  It  is  possible  that  the  difference  between  our  own 
observations  and  those  of  Mr.  Butierow  may  be  due  to  impurities  in  the  one  or  to 
the  fact  that  we  used  a  copper  digester. 
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by  distilliiig  directlj  from  the  digester,  zinc  meth jd,  which  still 
contained  a  little  iodid  of  methyl  This  product  was  treated 
m  the  digester  with  zinc  turnings  and  chlorid  of  silicon,  after 
we  had  assured  ourselves  that  dilorid  of  silicon  does  not  act 
upon  metallic  zinc  at  the  temperature  employed,  but  only 
upon  the  zinc  methyd  which  is  formed  from  it  indeed  chlorid 
of  silicon  is  not  decomposed  even  by  sodium  except  at  a  high 
temperature. 

In  order  to  allow  the  zinc  to  act  upon  the  small  quantity  of 
iodid  of  methyl  contained  in  the  zinc  methyd,  the  digester 
was  first  heatea  for  12  hours  at  120°,  and  then  for  10  hours  at 
200**  to  eflfect  the  reaction  between  the  chlorid  of  silicon  and 
the  zinc  methyd.  The  digester  was  cooled  with  ice  before  it 
was  opened.  After  the  escape  of  the  gas  the  product  was  dis- 
tilled into  recipients  cooled  with  ice,  and  then  treated  at  0° 
with  a  solution  of  caustic  potash  in  order  to  destroy  any  excess 
of  chlorid  of  silicon  which  might  be  present  It  is  important 
to  employ  nearly  equivalent  quantities  of  zinc  methyd  and  of 
sihcic  cmorid,  because  the  heat  which  is  developed  by  the 
action  of  the  caustic  potash  upon  the  excess  of  either  occasions 
a  loss  of  the  silicic  methyd. 

Silicic  methyd  obtained  by  this  process  is  a  clear  transparent 
U^uid,  lighter  than  water  and  boiling  at  80^-81**.  It  bums 
with  a  luminous  flame  and  a  smoke  of  silicic  acid.  The  follow- 
ing analyses  were  made  of  this  substance : 

L  Substance=^0'l^5  grms. ;  OO,=0-8660  grms. ;  ^,0=0-2275 
grms. 

The  substance  was  burnt  too  quickly  in  the  first  analysis 
and  a  loss  of  carbonic  acid  was  occasioncKi. 

n.  Sub8ta7ic€==0'1940  grms. ;  COi=0'S875  grms. ;  ^aO=0-2850 
grms. 

L  n.  Calculated  for  8i(CH8)4 

0=58-81  5447  6454 

H=18-68  18-46  18-68 

The  determination  of  silicon  in  this  substance  presents  un- 
usual difficulties,  on  account  of  its  great  stability  in  contact 
with  oxydizing  agents  and  its  volatility.  We  employed  the 
method,  which  was  used  for  the  silicic  ethyd,  but  nere  it  is 
necessary  to  enclose  the  substance  in  a  bulb  which  is  broken 
after  sealing  the  tube.  (Silicic  ethyd  boils  at  so  high  a  tempera- 
ture, that  it  can  be  weighed  in  a  lon^  narrow  tube  with  a  cork). 
Fuming  nitric  acid  was  the  oxydizing  agent  used,  and  the 
silicic  methyd  was  heated  with  it  for  two  days  at  200*^,  but  was 
found  on  opening  the  tube  not  to  be  completely  decomposed. 
In  a  second  determination  we  used  a  very  large  excess  of  fiim- 


Digitized  by  VjOOQ  IC 


828  Friedel  and  Orafis  on  the  oomMnations  of 

ing  nitric  acid  and  heated  for  forty  hours  at  250^-800°  and 
obtained  the  following  result : 

ASMi5toncc=0-2330  grms.  ;  /Si*Oa=01405  grma. 
Si=  29-85  p.  c.  calculated=81-81. 

It  is  diflBcult  to  remove  the  silicic  acid  completely  from  the 
tube  by  a  treatment  with  caustic  potash,  and  either  there  was  a 
loss  in  manipulation,  or  the  silicic  methyd  was  not  completely 
decomposed  even  at  800°. 

Two  other  determinations  made  at  a  still  higher  temperature 
were  lost  from  the  bursting  of  the  tubes. 

The  above  analyses  leave  no  doubt  that  the  composition  of 
silicic  methyd  is  represented  by  the  formula :  Si(CH8)4,  and  this 
result  is  completely  in  accordance  with  the  vapor  density  deter- 
mination maae  by  Gay  Lussac's  method. 

Substance  employ€d=0'181S  grms. 

Temperature  of  the  bath  100°. 

Height  of  the  barometer  751*7  m^m.  at  8°. 

Volume  occupied  by  the  vapor  85  c.c 

Height  of  the  m>ercury  in  the  measuring  tube  194  m.m. 
Vapor  density  by  experiment  =8*058 

Vapor  density  by  calculation  =8*045 

If  the  silicic  ethyd  represents  the  hydrid  of  silico-nonyl,  the 
silicic  methyd  is  the  hydrid  of  silicopentyl,  SiC^Hj,,  or  the 
silicated  substitution  product  of  the  hydrocarbon  of  the  amylic 
alcohol  series. 

The  want  of  material  has  prevented  us  from  carrying  the 
study  of  this  bod j  farther ;  we  will  only  call  attention  to  the 
great  difference  m  the  boiling  points  of  theses  homologous 
silicated  hydrocarbona 

Silicic  ethyd  boils  at        152° '5        oentigrada 
Silicic  methyd     "  80°*  " 

Difference      =         122°*5  " 

This  difference  corresponds  to  80° '5  for  each  increment  of 
CH,  and  is  quite  at  variance  with  Kopp*s  law.  This  fiict  is  the 
more  remarkable  since  we  have  shown  that  in  the  homologous 
silicic  ethers  of  the  normal  series,  the  difference  of  boiling-point 
corresponding  to  an  increment  of  CHf  is  11°  and  in  the  msilicic 
ethers  it  is  only  5°. 

Silicic  Ethyd  and  Methyd. 

It  is  obvious  that  considerable  interest  attaches  to  the  com- 

Eletion  of  the  series  of  the  silicated  hydrocarbons,  of  which  we 
ave  described  the  members  corresponding  to  the  pentyl  and 
the  nonyl  group,  and  it  appears  probable  that  all  the  inter- 
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mediate  ones  may  be  obtained  by  the  simultaneous  action  of 
zinc  methyd  and  zinc  ethyd,  in  diflferent  proportions  upon  the 
chlorid  of  silicon ;  we  have  not  yet,  however,  oeen  able  to  make 
any  extended  researches  in  tms  direction,  but  will  give  the 
result  of  a  single  experiment  conducted  on  a  small  scala 

In  order  to  prepare  a  mixture  of  zinc  methyd  and  zinc  ethyd, 
we  heated  in  tne  digester  for  24  hours  at  100°,  a  mixture  of 
iodid  of  methyl  and  of  iodid  of  ethyl  with  zinc  turnings. 
The  liquid  after  distillation  was  found  to  contain  iodine,  and  it 
was  reheated  for  48  hours  with  the  pulverized  alloy  of  zinc 
and  sodium  and  vnth  zinc  turnings ;  we  thus  obtained  85  grms. 
of  a  product,  whose  boiling-point  was  lower  than  that  of  zinc 
ethyi  To  this  product  8  mna  of  zinc  methyd  were  added 
and  85  grms.  of  the  chlorid  of  silicon,  and  the  whole  was 
heated  for  seven  hours  at  195^  The  resulting  product  was 
distilled,  washed  vdth  a  solution  of  caustic  potash,  and 
treated  with  strong  sulphuric  acid,  10  grms.  of  a  liquid,  in- 
soluble in  sulphuric  acid  were  obtained,  and  were  submitted 
to  a  fractional  distillation.  The  greater  part  passed  at  68^-67**. 
This  portion  was  analyzed. 

L  >SMi5toncc= 01776  grms.;  (7O,=0-4240  grms.;  5;0=0-2284 
grms. 

Si(CH8)  (CjHb),  8KCH8>  (C,Ha), 

0=6511  64-61  61-20 

H=14-28  13-84  18-79 

It  would  appear  from  the  analysis  that  this  body  is  silicic 
methyd-tri-etnyd  nearly  pure,  but  its  low  boOing-pomt  renders 
this  highly  improbable,  and  it  is  possible  that  the  high  per- 
centage of  carbon  and  hydrogen  may  be  due  to  the  presence  of 
some  saturated  hydrocarbon.  According  to  its  boilmg-point  it 
should  be  silicic  tri-methyd  ethyd,  but  we  had  not  a  sufficient 

Juantily  of  material  to  make  further  experiments  in<  order  to 
etermme  its  true  composition.  It  is  certain  that  the  body 
was  neither  silicic  methyd  nor  silicic  ethyd  but  an  interme- 
diate product 

The  bodies  studied  in  this  research  belong  to  the  same  type 
as  chlorid  of  silicon. 

Chlorid  of  silicon,  SiC^ 

Silicic  ethyd, 

Chlorated  silicic  ethyd  or  chlorid  of 

Acetate  of  silico-nonyl,  . 

Silico-nonylic  alcohol, 

Dichlorated  silicic  ethyd. 

Except  the  oxyd  which  has  a  strong  tendency  to  form  in  so 
many  reactions,  and  which  belongs  to  a  diflferent  type :  namely. 
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to  one  in  which  two  groups  of  molecules  are  linked  together 
through  the  medium  of  oxygen.  It  may  be  referred  to  the 
same  type  as  the  disUicic  etners. 

DisiKcic  hexethyUc  ether,      0  j  licjHlo jj 

Oxyd  of  sihcic  tri-ethyd,      O  j  ||!c  j^jj 

The  oxychlorid  of  silicon,      0  |  qIqI* 

belongs  also  to  the  same  type. 

In  some  of  these  compounds  the  chlorine  is  represented  aa 
combined  with  carbon  in  the  place  of  hydrogen,  and  in  others 
as  combined  directly  with  silicon.  The  difference  in  formulas 
is  justified  by  the  marked  difference  in  properties  which  the 
chlorine  exhibits  in  the  two  kinds  of  combination. 

Compounds  containing  chlorine  combined  directiy  with  sili- 
con are  readily  decomposed  by  water  with  formation  of  chlorhy- 
drio  acid ;  while  the  chlorine  m  the  other  class  of  compounos 
displays  the  same  inertness,  which  characterizes  it  in  nydro- 
caroons,  and  is  not  acted  upon  by  water,  Itnd  only  at  a  very 
high  temperature  by  acetate  of  silver.  Exactly  the  same  dif- 
ference of  properties  obtains  for  the  radical  of  acetic  acid  con- 
tained in  the  acetins  of  silicic  ether,  where  it  is  in  direct  com- 
bination with  the  silicon,  and  the  same  radical  contained  in  the 
acetate  of  silico-nonyl,  where  it  is  in  combination  with  carbon. 

Only  one  point  remains  in  which  the  analogy  between  silicon 
and  carbon  is  incomplete.  "We  have  said  that  the  most  charac- 
teristic property  of  carbon  in  organic  bodies  is  its  power  of 
combining  directljr  with  itself  to  form  a  complex  molecule, 
capable  of  combining  still  ferther  vrith  other  elements,  as  when 
two  atoms  of  carbon,  C|,  combine  with  six  atoms  of  hydrogen 
to  form  the  hydrid  of  ethyl,  C,H«.  All  the  bodies  thus  fiur 
discussed  belonff  to  the  simplest  type  of  carbon  compounds,  as 
CH4  and  its  analogue  SiH^ ;  and  m  silicic  ethyd  4  times  CJEE, 
occupy  the  place  of  H4 ;  but  Friedel  and  Landenburg*  have 
lately  completed  the  analogy  and  obtained  the  bodv,  Sij(CtH5)e, 
belonging  to  the  same  t^pe  as  Si^H^  and  CgHe,  showing  that 
even  in  its  quality  of  forming  condensed  compounds  silicon 
resembles  carbon. 

*  Oomptes  Bendas  de  TAcad^ie  des  Sdences,  Izriii,  p.  920,  1869. 


Digitized  by  VjOOQIC 


J.  L.  SnvUk  on  the  Franklm  oomkty  Meieoric  Iron.        881 


Abt.  XXXHL — Description  and  Analysis  of  (he  Franklin  County 
Meteoric  Iron;  with  remarks  on  the  presence  of  Copper  arid 
Nickel  in  meteoric  irons  ;  the  method  ofanodyring  the  same;  and 
the  probability  of  the  Lead  in  the  Tarapaca  iron  having  been  orig- 
inculy  foreign  to  thai  mass  ;  by  J.  Lawbbncb  Smith,  Louis- 
ville, Ky. 

1.  77ie  Franklin  County  Meteoric  Iron. 

The  Franklin  County  meteoric  iron  was  first  brought  to  my 
attention  in  a  blacksmith  shop  in  Frankfort,  Kentucli^.  It  was 
carried  there  to  be  tested  in  regard  to  its  (jualily  as  iron ;  being 
supposed  by  its  discoverer  to  indicate  an  iron  mina  Mr.  Nel- 
son Alley  became  possessed  of  it,  and  kindly  presented  it  to  ma 

It  came  from  a  nill  eight  miles  southwest  of  Frankfort,  lat 
88°  14',  long.  80''  40'  (Greenwich),  and  was  discovered  in  1866. 
It  passed  into  my  possession  in  1867,  and  was  then  described  by 
me,  but  the  manuscript  was  lost  after  its  leaving  my  hands,  and 
the  original  notes  were  displaced ;  the  notes  have  been  recently 
discovered  and  the  iron  agam  analyzed 

Its  form  is  somewhat  globular,  with  a  highly  crystalline 
structura  Its  weight  was  twenty-four  pounds,  and  tlus  appears 
to  have  been  its  original  weight,  only  a  few  flakes  having  be- 
come detached  by  the  rusting  through  of  some  of  the  fissures 
— sp.  grav.  7-692. 

Its  composition  when  perfectly  fireed  from  rust  and  earth  is 

Iron, 90-58 

Nickel, 8-68 

Cobalt, 0-8tt 

Copper, minute  quantity 

Phosphorus, 0*06 

99-52 

Having,  as  it  will  be  seen,  the  usual  composition  of  meteoric 
irona 
While  on  the  subject  of  this  iron,  I  will  add  some  remarks. 

2.   On  the  presence  of  Cobalt  in  Meteoric  Irons. 

My  attention  has  been  directed  again  and  again  to  meteoric 
irons,  whose  analyses  are  given  without  mention  of  the  presence 
of  cobalt,  and  in  some  instances,  with  the  distinct  statement  that 
it  is  absent,  as  in  the  recent  examination  of  a  meteoric  iron  from 
Auburn,  Macon  county,  Alabama,  by  Professor  Shepard,  who 
states  that  "  neither  cobalt,  tin  nor  copper  was  detected  in  this 
iron.''  I  cannot  but  suggest  the  importance  of  making  a  most 
critical  examination  of  these  irons  before  pronouncing  this  fact; 
for  in  every  analysis  that  I  have  made  of  meteoric  irons,  (over 
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one  hundred  diflferent  specimens),  with  this  in  view,  cobalt  has 
been  invariably  found,  along  witn  a  minute  quantity  of  ooppOT. 
A  great  many  of  the  analyses  made  were  of  irons  that  had  oeen 
previously  examined  without  a  recognition  of  the  cobalt 

The  presence  of  these  ingredients,  even  in  small  quantities,  is 
a  matter  of  considerable  mineralogical  interest,  as  is  the  case  of 
the  presence  of  small  quantities  of  other  elements  in  many  min- 
erals ;  a  fact  that  I  will  have  occasion  to  refer  to  at  some  future 
time,  in  connection  with  leucite  and  other  silicates. 

As  a  guide  to  those  who  may  wish  to  know  the  manner  of 
my  examination  of  meteoric  iron,  I  will  give  a  little  in  detail  the 
method  adopted  in  separating  the  metala 

Method  of  analysis.  —  A  small  piece  of  the  iron  is  selected, 
perfectly  free  from  crust  and  earthy  matter.  I  sometimes  plunge 
the  fragment  into  nitric  acid,  somewhat  diluted,  warm  the  acid 
and  continue  the  action  for  a  few  seconds,  withdraw  the  iron, 
wash  well  and  dry  it  The  piece  selected  for  analysis  should 
be  about  one  gram,  or  a  little  over,  (except  where  the  copper  is 
souffht  for  quantitatively,  and  then  at  least  ten  grams  should  be 
used  for  the  copper  estimate  alone).  Treat  the  iron  in  a  porce- 
lain capsule,  or  glass  flask,  with  a  mixture  of  hydrochloric 
and  nitric  acids,  consisting  of  four  parts  of  the  former  to 
one  of  the  latter,  and  about  as  much  water  as  acid ;  dissolve 
over  a  water-bath ;  if  a  capsule  be  used,  invert  a  ftmnel  over  the 
mixture,  the  edges  of  the  funnel  entering  the  capsule,  but  not 
touching  the  mixture.  Continue  the  action  on  the  water-bath 
until  the  solution  is  complete,  evaporate  to  dryness  (having 
washed  what  may  adhere  to  the  inner  surface  of  tne  ftmnel  into 
the  capsule),  then  add  a  little  more  hydrochloric  acid  and  evapo- 
rate again  nearly  to  dryness;  this  is  done  to  insure  drivmg 
off  the  last  portion  of  mtric  acid,  and  rendering  the  iron  easily 
soluble.  Add  to  the  contents  of  the  capsule  an  ounce  or  two 
of  water,  and,  if  there  be  a  residue,  it  must  be  collected  on  a 
weighed  filter,  dried,  weighed,  and  reserved  for  ftiture  examin- 
ation ;  if  the  quantity  be  too  small  for  examination,  a  larger 
portion  of  the  iron  must  be  examined  with  fecial  reference 
to  this  residue — ^which  most  commonly  is  a  siucate,  but  may 
contain  carbon  or  chromic  iron  (chromite). 

If,  however,  there  is  no  residue,  proceed  to  the  next  step  at 
once  without  filtering ;  if  the  solution  has  been  filtered,  the  fol- 
lowing steps  are  the  same.  Examine  first  for  sulphur.  This  is 
done  by  adding  a  few  drops  of  chlorid  of  barium  ;  if  there  is  a 
precipitate,  it  is  collected  on  a  filter,  and  the  sulphate  of  baryta 
obtained  furnishes  the  amount  of  sulphur  present  Next  pass 
a  stream  of  sulphuretted  hydrogen  through  the  filtrate  to  com- 
plete saturation,  previously  addinff  a  drop  or  two  of  sulphuric 
acid ;  much  sulphur  will  be  deposited  and  a  very  minute  quan- 
tity of  copper  (not  traceable  by  the  color  of  the  precipitate,  but 
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only  recognized  by  the  most  delicate  tests  after  the  sulphur  of 
the  collected  precipitate  is  burnt  away) ;  the  solution,  thrown  on 
a  filter,  leaves  the  precipitated  sulphur,  the  little  trace  of  copper, 
and  all  the  excess  of  the  baryta  tnat  had  been  added,  if  the  ex- 
cess had  been  slight  The  niter  is  then  ignited  in  a  porcelain 
crucible — ^the  residue  treated  with  a  few  drops  of  nitric  and  sul- 
phuric acids,  which  suffices  to  dissolve  the  copper,  and  when 
evaporated  to  dryness  leaves  the  copper  in  the  iorm  of  sulphate, 
slightly  acid,  as  there  is  no  necessity  of  heatii^  so  high  as  to 
dnve  off  the  very  last  trace  of  sulphuric  acid.  The  presence  of 
the  trace  of  copper  is  easily  shown  by  adding  a  drop  or  two  of 
water  to  dissolve  the  sulphate,  and  with  the  end  of  a  glass  rod, 
placing  a  little  of  the  solution  on  a  clean  and  bright  sur&ce  of 
iron,  as  the  blade  of  a  knife,  for  instance.  In  no  examination  of 
a  meteoric  iron  have  I  failed  to  detect  copper  by  this  mean& 

When  more  iron  is  used,  and  there  is  consea  uently  more  cop- 
per, it  can  be  separated  and  weighed.  Tin  and  lead  will  also  be 
found  in  the  precipitate,  if  they  be  present,  but  I  have  never 
detected  either,  except  lead  in  the  case  of  the  Tarapaca  iron, 
which  I  have  every  reason  to  believe  was  originally  foreign  to 
the  iron. 

The  sulphuretted  hydrogen  precipitate,  which  I  have  always 
obtained,  is  so  minute  m  a  ^ram  of  iron  that  it  may  be  dispensed 
with,  and  the  iron,  nickel  and  cobalt  be  separated,  which  is 
accomplished  as  described  a  little  farther  on.  I^  however,  sul- 
phuretted hydrogen  has  been  used,  the  iron  in  solution  is  in 
the  form  of  protoxyd,  and  must  be  converted  into  the  peroxyd, 
which  is  accomplished  bv  adding  a  little  chlorate  of  potash  and 
hydrochloric  acid  that  have  been  made  to  react  on  each  other 
by  heating,  before  adding  it  to  the  boiling  solution  of  iron,  &c. 

The  solution  of  iron  should  have  a  oulk  of  ten  or  twelve 
ounces ;  to  it  is  added  a  solution  of  carbonate  of  soda  in  suffi- 
cient (quantity  to  nearly  neutralize  the  &ee  acid ;  the  iron  is  now 
precipitated  by  acetate  of  soda,  with  all  the  well  known  pre- 
cautions. I  wash  this  precipitate  only  partially,  and  detach  it 
from  the  filter  by  washmg  it  into  a  bilker,  and  re-dissolving  it 
by  hydrochloric  acid,  and  precipitate  it  a  second  time  by  acetate 
of  soda;  I  then  subject  it  to  complete  washing,  and  esti- 
mate the  iron  in  the  way  usually  employed.  This  second  pre- 
cipitation is  necessary  to  separate  an  appreciable  quantity  of 
nickel  remaining  in  the  acetate  of  iron  after  the  first  precipita- 
tion ;  and  aft;er  considerable  experience,  I  must  say  that  it  is  the 
only  method  of  separating,  with  any  d^ree  of  accuracy,  iron 
fix)m  nickel 

The.solution  separated  from  the  iron,  and  containing  nickel 
and  cobalt,  is  concentrated  down  to  four  or  five  ounces,  then 
treated  with  caustic  potash  or  soda,  thrown  on  a  filter,  and 
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washed  with  hot  water,  with  all  the  usual  precautions  when 
nickel  is  precipitated  by  an  alkali  The  precipitate  is  dried^ 
ignited  ana  weighed ;  after  which  it  is  dissolved  in  nitric  acid 
over  a  water-bath,  and  the  acid  solution  evaporated  neariy  to 
dryness ;  about  two  or  three  drams  of  water  are  added,  then  a 
concentrated  solution  of  nitrite  of  potaab,  then  an  excess  of  acetic 
acid ;  this  is  now  set  aside  for  forty-eight  hours,  during  which 
time  the  nitrite  of  cobalt  is  completely  separated ;  it  is  next 
thrown  on  a  filter,  washed  and  estimated  m  the  manner  pro- 
posed by  the  author  of  this  method ;  I  usually  employ  a  con- 
centrated solution  of  the  sulphate  of  potash  to  wash  wiuL  This 
method,  to  say  the  least  of  it,  has  in  my  experience  proved 
fally  equal  to  the  cyanid  method,  and  is  mucn  more  simple ; 
and  by  it  I  have  never  feiled  to  detect  and  estimate  cobalt  in 
every  meteoric  iron  that  has  come  under  my  examination. 

In  examining  for  phosphorus^  the  following  method  is  adopted : 
To  three  or  more  grams  of  the  iron  in  a  porcelain  capsule,  add 
nitric  acid  diluted  with  water ;  then  invert  a  fiinnef  over  the 
mixture,  to  protect  from  loss  during  the  action,  evaporate  to  dry- 
ness over  a  water-bath,  and  then  on  a  sand-bath  to  a  tempera- 
ture of  600°  or  600*^ ;  the  iron  is  thus  converted  into  an  oxjd  with 
little  or  no  nitric  acid  remaining,  and  the  phosphorus  is  trans- 
formed into  phosphoric  acid  that  is  now  combined  with  oxyd  of 
iroa  The  residue  is  detached  as  thoroughly  as  possible  from 
the  capsule,  and  mixed  with  twice  its  weight  of  carbonate  of 
soda,  or,  better  still,  with  a  mixture  of  carbonates  of  soda  and 
potash ;  a  little  carbonate  of  soda  added  to  the  capsule,  and 
rubbed  with  a  pestle,  detaches  the  last  portion  of  oxyd  of  iron, 
or  rather  leaves  so  small  an  amount  as  to  make  no  error  in  the 
future  st^s  of  an  analysis  where  the  original  quantity  of  phos- 
phorus is  so  small 

The  mixture  of  oxyd  of  iron  and  phosphate  is  now  to  be 
heated  in  a  platinum  crucible  to  the  pomt  of  fusion  of  the  car- 
bonates for  about  twenty  minutes ;  then  heat  the  mass  with 
water,  when  the  excess  of  carbonates  will  be  dissolved,  and 
what  phosphate  may  have  been  formed ;  the  phosphates  will 
represent  all  the  phosphorus  in  the  iron.  Now  neutralize  the 
carbonate  with  hydrochloric  acid,  and  estimate  the  phosphorus 
in  the  ordinary  way,  by  a  magnesia  salt 

"With  regard  to  the  aetection  of  chromium,  and  other  special 
constituents  of  some  meteoric  irons,  especially  those  containing 
some  siliceous  minerals  intimately  mixed  in  the  iron,  it  is  not 
the  province  of  this  paper  to  discuss. 

8.  Zecul  in  Meteoric  Irons. 

m 

The  only  instance  of  the  finding  of  lead  in  meteoric  irons  is 
that  of  the  Tarapaca  iron,  found  in  1840,  in  Chili,  which  was 
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examined  by  Mr.  Or^ ;  the  metallic  lead  was  detected  by  him 
in  small  masses  of  varied  dimension& 

I  have  examined  several  specimens  cut  from  the  original 
mass  of  iron,  two  of  which  are  in  my  possession,  and  my  con- 
viction is,  that  the  metallic  lead  was  altogether  foreign  to  the 
hron  when  it  originally  fell,  and  has  been  doubtless  derived 
from  lead  with  which  the  mass  was  probably  treated  by  the 
original  discoverers  for  the  purpose  of  extracting  some  precious 
metal,  they  being  ignorant  of  its  true  nature.  My  reasons  for 
cominff  to  this  conclusion  are,  that  the  lead  is  found  in  cavities 
near  the  surface  of  the  iron,  these  cavities  having  channels  of 
more  or  less  size  leading  to  the  exterior  of  the  mass ;  the  iron  is 
honey-combed  in  its  character  in  many  places,  which  is  evident 
to  the  eve,  and  is  also  indicated  bv  its  specific  gravity  6*6.  In 
pieces  of  the  iroD,  detached  from  tne  interior  of  tne  mass  and  ex- 
amined with  the  utmost  care  by  a  magnifying  glass  to  see  that 
there  is  no  possible  fissure  in  it,  no  lead  has  been  found.  These 
pieces  are  exceedingly  difficult  to  obtain,  andean  only  be  had  in 
very  small  pieces. 

The  crust  of  the  iron  having  the  most  cavities  furnishes  most 
lead,  and  is  in  some  parts  covered  by  a  fused  yellow  crust  of 
oxyd  of  lead ;  this  last  fisict  has  no  significance,  however,  in  the 
present  consideration  of  the  matter.  "Without  venturing  to  in- 
sist too  sharply  on  the  view  here  taken,  after  the  careful  exam- 
ination of  so  distin^hished  an  observer  as  Mr.  Greg,  I  recom- 
mend this  view  of  the  subject  to  those  having  larger  specimens 
of  the  iron  than  myself 


Abt.  XXXIY. — Remarks  an  the  alkalies  contained  in  the  min- 
eral Leucite;  by  J.  Lawrence  Smith. 

In  examining  recently  many  of  the  silicates  containing  alka- 
lies, my  attention  has  been  called  to  Leucite,  and  it  is  on  that 
mineral  especially  that  I  would  now  remark,  reserving  for 
anodier  time  my  observations  on  the  other  silicate& 

The  specimens  of  leucite  examined  came  fix)m  four  localities, 
Vesuvius,  Andemach,  Borghetta,  and  FrescatL  They  were 
about  as  good  specimens  as  are  obtained  fix)m  those  localities, 
although  all  of  them  were  not  equally  pure.  The  alkalies 
found  m  each  calculated  as  potash  were — 

Vesuvius,  -        -        -        -  21-86 

Andemach,  -        -        -  20-06 

Borghetta,  ....  20-68 

Frescati,  -        •        -  2088 
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The  specimen  fix)m  Andemach  was  analyzed  for  the  silica,  &a, 
and  found  to  contain  silica  54*75,  alumina  28*08,  and  1*55  of 
oxyd  of  iron ;  this  last  seemed  to  be  mechanically  disseminated 
through  the  crystals. 

I  say  above  in  relation  to  the  alkalies  "all  calculated  as  pot- 
ash," ior  the  reason  that  there  is  a  notable  quantity  of  ruoid- 
ium  and  caesium  present  in  all  the  specimens  above  mentioned. 
In  fact,  by  the  method  adopted  in  testing  for  these  alkalies 
abundant  indications  are  obtained  of  the  presence  of  rubidium, 
caesium  (the  last  not  so  readily),  even  wnen  operating  on  but 
half  a  gram  of  the  mineral  I  am  now  engaged  in  working  out 
a  method  of  estimating  Quantitatively  rubidium  and  caesium  in 
the  presence  of  other  aUMiies ;  by  tlds  method,  not  yet  perfected, 
the  quantity  of  these  alkalies  in  leucite  is  found  to  oe  about 
tV  of  one  per  cent  of  the  entire  mineral 

Of  course  it  is  not  at  all  remarkable  that  the  potash  in  the 
different  specimens  of  leucite  should  be  the  same ;  but  it  is  a 
matter  of  interest  to  know  that,  fix)m  whatsoever  locality  it 
comes,  this  minute  quantity  of  rubidium  and  caesium  occurs 
with  it  On  some  fiture  occasion  I  hope  to  be  able  to  bring 
together  certain  generalities  in  this  connection  of  more  or  less 
interest  to  miner^ogists. 

I  have  also  detected  rubidium  in  half  a  gram  of  margarodite 
and  Warwick  mica,  and  have  fidled  to  detect  it  in  apophyllite, 
thomsonite,  pectolite,  elaeolite,  chesterlite,  cancrinite  and  other 
silicates. 


Abt.  XXX Y. — Examination  of  a  new  and  extraordinary  Gas 
Well  in  the  State  of  New  York  ;  by  Professor  Henry  Wurtz. 

[Read  to  the  New  York  Lyceum  of  Natural  Historj,  ICarch  14,  1870.] 

A  NBW  and  copious  outburst  of  gas  has  recently  been  ob- 
served in  the  township  of  West  Bloomfield,  county  of  Ontario, 
and  State  of  New  York,  about  twenty  miles  south  of  Rochester, 
and  sixteen  miles  west  of  Canandaigua. 

It  is  now  about  four  years  since  the  owner  of  the  ground, 
Mr.  Beebe,  while  boring  with  the  hope  of  getting  petroleum, 
struck  the  cavity  fix)m  wmch  the  ff as  flows,  at  a  depth,  as  he  states, 
of  500  feet  The  bore-hole  is  tubed  down  to,  and  into,  the  solid 
rock,  and  the  tube  stands  about  ten  feet  above  the  surfece.  This 
tube  is  five  inches  in  diameter ;  and  the  issuing  gas,  when  bum- 
ing,  as  it  was  when  I  saw  it,  eives  in  a  still  atmosphere  a  flame 
some  thirty  feet  in  height  The  flow  has  been  stated  independ- 
ently by  two  parties,  who  have  measured  it  with  large  balloons  of 
known  capacity  attached  to  the  outlet,  to  be  fix)m  four  to  five 
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feet  per  second,  equivalent  to  from  15,000  to  18,000  feet  per 
hour,  or,  in  the  mean,  at  the  rate  of  about  400,000  cubic  feet  of 
gas  per  day.  From  observation  on  the  spot,  without  any  means 
of  exact  measurement,  however,  I  am  prepared  to  beueve  the 

Sobabilitv  of  this  enormous  evolution  of  combustible  gas  from 
e  bowels  of  the  rocks.  Such  a  flow  reallv  corresponds  to  a 
pr^sure  of  but  a  few  feet  of  water.  Ten  incnes  should,  accord- 
ing to  calculation,  drive  through  a  pipe  500  feet  lone  and  five 
inches  in  diameter  22,000  feet  per  hour  of  gas,  of  the  density 
which  I  have  found  for  this,  namely,  0*7.  There  is,  however, 
here  an  important  residual  projectile  force,  in  addition  to  this. 
This  flow  has  now  gone  on  for  more  than  four  years,  and  accord- 
ing to  the  testimony  of  residents  of  the  vicinity,  without  any  per- 
ceptible diminution  of  energy ;  indicating,  in  the  aggregate,  an 
escape  of  some  600,000,000  of  feet,  about  half  the  yearly  make 
of  our  largest  gas  manufiujturing  company,  the  Manhattan.  The 
most  remarkable  feature  is  the  absence  of  diminution  of  flow  for 
so  long  a  time,in  connection  with  the  low  pressure  indicated.  I 
hence  infer  the  probability  of  an  indefinite  continuance ;  as  the 
gas  must  originate  not  from  a  reservoir  in  a  state  of  compression, 
but  from  huge  masses  or  surfeces  of  rock,  from  which  it  oozes  out 
gradually  at  every  pora  This  inference  is  justified  from  the  phe- 
nomena of  other  fountains  of  natural  gas,  of  which  so  many  are 
known  to  have  flowed  from  time  immemorial  without  exhaus- 
tion. As  to  the  geological  age  of  the  bed  from  which  this  gas 
comes,  I  was  told  that  Professor  Hall,  having  been  consisted, 
considers  it  to  be  most  probably  the  Marcellus  shale ;  and  on 
consultation  with  Dr.  R  P.  Stevens,  whose  acquaintance  with 
both  the  geology  and  topography  of  this  section  is  minute,  I 
find  him  to  agree  that  a  bore-hole  500  feet  deep,  in  this  locality, 
would  be  very  likely  to  terminate  in  the  Marcellus,  the  beds  of 
which  are  here  probably  a  hundred  feet  in  thickness.  The  out- 
crops of  the  Genesee  slate  (which  cross  to  the  southward  of  this 
locality,  its  horizon  being  some  twelve  hundred  feet  higher  than 
that  of  the  Marcellus)  also  emit  combustible  gas  copiously  in 
places.  I  cannot  dwell  at  this  time,  however,  on  the  geological 
question^  but  must  pass  to  the  chemical  examinations.  These 
are  still  in  progress,  out  much  that  has  interesting  has  neverthe- 
less been  developed. 

The  points,  which  I  attempted  to  determine  on  the  ground, 
though  with  very  imperfect  means,  were  the  temperature  with 
which  it  issues,  tne  pnotometric  power  (which  is  quite  apprecia- 
ble), and  the  effect  of  intense  cold  upon  the  latter. 

The  temperature, — ^A  small  hollow  semi-cylinder  of  wood,  closed 
at  the  bottom,  was  cemented  with  beeswax  against  the  side  of  the 
well-tube  near  the  ground,  filled  with  quiclrailver,  and  the  ther- 
mometer inserted.    It  was  found,  however,  that  the  temperature 
Ax.  JouB.  Sol— Sboohb  Sbriss,  VouXLIX,  No.  147.— Mat,  1870. 
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was  not  constant,  showing  a  heating  of  the  iron  by  radiation  and 
conduction  from  the  flame  abova  At  one  time,  however,  the 
temperature  sunk  to  59**  F.,  so  that  the  true  temperature  is  be- 
low this,  it  may  be  as  low  as  50** ;  very  low  for  a  depth  of  600 
feet  Doubtless  the  gas  is  cooled  by  expansion  from  a  state  of 
compression.  (A  curious  suggestion  occurs  here  regarding  cau- 
ses of  irr^ularity  in  increase  of  temperature  in  descent  in  some 
fossiliferous  rocks.) 

T?ie  candle  power  was  determined  with  a  standard  candle  by 
contriving  a  small  dark  room  with  a  large  blanket  shawl,  usid^ 
of  course  the  Rumford  or  shadow  test  The  ^  was  burned 
from  a  five-foot  steatite-tip  bats- wing  burner,  being  first  passed 
through  a  glass  tube  so  stuffed  with  cotton  as  to  reduce  the 
pressure  just  to  that  which  gave  the  maximum  of  light  The 
result  was  about  six  candles.  I  had  not  with  me  an  Ai^gand 
burner,  which,  especially  if  with  a  very  contracted  throat,  would 
doubtless  afibrd  with  this  gas  a  considerably  higher  candle 
power.  It  is  well  known  that  the  effect  of  carbonic  add  in 
diminishing  illuminating  power  is  very  fiir  less  in  the  Argand 
than  in  flat  flame  burners. 

The  condensation  test  was  made  by  immersing  in  snow  and 
salt,  in  a  common  water  bucket,  some  sixty  feet  of  small  india 
rubber  tubing  that  I  had  with  ma  The  thermometer  stood  at  8** 
P.  in  the  mixture.  No  change  of  the  candle  power  occurred 
during  half  an  hour,  and  hence  the  light-giving  hydrocarbons 
present  seem  to  be  permanent  gases,  or  at  least  practically  in- 
condensable. Lime-water  showed  carbonic  acid  to  be  largely 
present 

Samples  were  taken  for  analysis  in  accurately-ground  glass- 
stoppered  bottles,  with  which,  and  some  quicksilver,  I  had  pro- 
vided myself  These  bottles  were  stopped  under  quicksilver,  the 
stoppers  having  been  previously  smeared  with  some  thick  gly- 
cerine. These  bottles  were  then  carried  to  the  laboratory  of  me 
Manhattan  Gas  Light  Co.,  in  this  city,  and  some  analyses  made ; 
new  methods  and  manipulations  being  used  which  were  devised 
by  myself,  in  conjunction  with  Professor  Silliman,  and  which  we 
have  not  yet  published. 

Results  of  the  analyses. 

Marsh  gas 82-41 

Carbonic  acid lO'll 

Nitrogen 4*31 

Oxygen 0*23 

Illuminating  hydrocarbons, 2*94 

100-00 
Density, 0-698 
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Another  density  determination  gave  a  considerably  higher 
figure ;  but,  wishing  not  to  exhaust  all  my  material,  I  have  not 
repeated  it,  but  have  adopted  0*7.  Calculation  gives  0*7043, 
assuming  the  three  volumes  of  unknown  illuminants  to  have 
a  density  of  1*5. 

With  regard  to  these  three  volumes  per  cent  of  illuminant 
hydrocarbons ;  as  they  are  absorbed  by^ordhausen  acid  they 
cannot  belong  to  the  saturated  hydrocarbons  G^aH^^^  and  can- 
not therefore  be  hydruret  of  ethylene  C4H4Hg,  as  found  recently 
according  to  Fouque  and  Gorceix  in  the  gases  of  the  Appe- 
nines ;  in  most  cases  in  traces  only,  but  in  one  case  to  the  ex- 
tent of  nearly  18  per  cent  I  (See  Comptes  Bendvs,  Ixix,  946). 
This  seems  at  first  glance  in  accord  with  the  opinion  put  forth 
by  Fouque,  founded,  as  he  says,  on  the  study  of  the  gases  from 
American  petroleum  wells,  that  the  gases  of  the  series  CjnHto+j 
are  especially  characteristic  of  sources  of  petroleum ;  but  as  the 
almost  universal  marsh  gas  is  itself  of  this  series,  I  cannot  see 
how  any  such  generalization  can  be  accepted.  I  am  still  engaged 
in  further  examinations  of  these  hydrocarbon  constituents,  But 
my  material  is  at  present  insufficient 

The  l-400th  volume  of  free  oxygen  found  is  really  present,  as 
I  am  convinced,  in  the  gas  as  it  issues,  and  is  not  accidental,  as 
Fouque  and  other  analysts  have  deemed  the  traces  of  oxygen 
thev  find  in  such  gases.  The  extreme  precautions  taken  by  me, 
both  in  collection  and  transportation,  as  well  as  in  analysis,  make 
me  confident  of  this ;  but  as  important  chemical  and  geological 
conclusions  are  here  involved  I  shall  make  further  ana  repeated 
tests  of  this  point 


Art.  XXXVL — On  Flame  Temperaiu/res,  in  Iheir  relations  to 
Composition  and  LaminosHy ;  by  B.  Silliman  and  Henry 
WuRTZ.    First  Part. 

Read  to  the  American  Association  at  SalenOf  Aogast,  1869. 

1.  (Morific  powers  or  effects  of  gases. — ^The  calorific  t)Owers  or 
eflfects  of  gases  lie,  in  our  belief  at  the  very  basis  oi  the  true 
theory  of  the  phenomena  of  luminiferous  gases,  and  have  prac- 
tical bearings  that  can  scarcely  be  overrated.  In  fact,  our 
studies  of  the  subject  have  led  us  in  the  direction  of  the  gene- 
ral conclusion  that,  all  other  conditions  being  equal,  the  tern- 
'peraiure,  in  a  given  flame,  is  the  main  fector  of  luminosity. 
This,  however,  may  as  yet  be  regarded  merely  as  a  hypothesis ; 
in  consequence  oi  the  imperfection  of  our  present  means  of 
actual  experimental  demonstration  of  the  temperatures  of 
flames.     It  is  a  hypothesis,  nevertheless,  which  is  in  general 
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accordance  with  known  fecta  By  the  spectroscope,  for  example, 
which  can  recognize  only  luminous  rays,  we  find  that  the  higher 
the  temperature  the  greater  the  number  of  these  luminous  rays. 
The  recent  results  of  Frankland  upon  the  development  of  lumi- 
nosity by  increased  pressure,  in  flames  which  are  non-luminous 
under  atmospheric  pressure,  are  in  accordance  with  this  view ; 
increase  of  temperature  necessarily  following  increase  of  pres- 
Bura 

Yery  va^e  views  have  been  rife,  even  among  chemists,  with 
regard  to  the  temperatures  of  luminiferous  flames.  Some  have 
been  satisfied  with  believing  crude  hypotheses ;  such  as  that  the 
heat-power  of  a  flame  is  always  profjortional  to  the  density  of 
the  gas  or  vapor  undergoing  combustion ;  or  that  it  is  propor- 
tional to  the  ammcnt  ofoxygen  consumed  by  a  given  volume  of 
the  gas ;  and  so  on.  This  latter  hypothesis  has  been  one  of 
very  common  acceptation.  A  view  which  is  even  now  enter- 
tained by  some  skuful  chemists  (than  which,  however,  nothing, 
as  will  be  shown,  could  be  more  fallacious)  is,  that  those  in- 
dividual gaseous  compounds,  which  impart  the  highest  lumi- 
nosity unaer  ordinary  conditions,  are  also  the  most  productive 
of  heat 

The  admirable  researches  of  Bunsen,  of  Heidelberg,  placed 
in  our  possession  some  years  ago  the  means  of  comp^tmg,  at 
least  with  approximate  accuracy,  the  heat  of  flames  of  gases 
of  known  composition.  Few  however  have  properly  and 
successfully  applied  Bunsen's  methods  in  practice.  We  con- 
sider it  quite  tmie  that  these  methods  should  be  introduced 
to  the  Imowledge  of  gas  engineers,  in  forms  available  to 
them. 

Bunsen's  formulae  for  these  computations  are  based  upon  the 
actual  experimental  determinations  of  the  total  amounts  of  heat 
developed  by  the  combustion  of  different  pure  combustible 
gases  with  pure  oxygen,  made  by  Favre  and  Silbermann;  and 
upon  Regnault's  determinations  of  the  specific  heats  of  gaseous 
products  of  combustion. 

It  is  not  to  be  maintained  that  Favre  and  Rilbermann's  num- 
bers are  strictly  correct,  but  they  are  doubtless  approximate, 
and  at  least  proportionally  correct  among  themselvea  At  any 
rate,  they  are  the  best  data  we  have.  Those  employed  here  are 
included  in  the  following  tabla  They  are  usually  given  in  the 
text-books  for  equal  weights  of  the  gases,  but  we  have  reduced 
them  to  the  standard  of  equal  volumes  also,  as  more  suitable  to 
our  present  purpose.  This  reduction  is  made  simply  by  multi- 
plying the  equivalents  for  weights,  by  the  densities  as  given  in 
the  tmrd  column. 
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Table  L 

Total  calorific  equivalents.  Densities 

^  Of  •<iaalweis:hti.  Of  eqwJ  YoliuMg.  Hjdrofftna^ 

Carbonic  oxyd 34,462°  C.             34,462**  C.  1 

Hydrogen 2,403°                  33,642°  14 

Marsh  gas 13,063°  104,504**  8 

defiant  gas 11,868''  166,012°  14 

The  meaning  of  this  table  is  simply  that  equal  weights  of 
water  would  be  heated  by  the  several  gases  to  temperatures  pro- 
portional to  the  numbers  in  the  first  column,  when  equal  weights 
of  the  gases  are  burned ;  and  proportional  to  those  in  the  second 
column,  when  equal  volumes  are  burned. 

A  cursory  glance  at  the  figures  in  the  second  column  of  this 
table  might  seem  to  justify  the  notion,  hitherto  entertained  by 
many,  of  the  comparatively  low  calorific  powers  of  hydrogen 
and  carbonic  oxya ;  and  it  was  doubtless  as  a  consequence  of 
such  a  comparison  as  this,  that  statements  have  been  put  forth 
and  widely  accepted  among  American  gas  engineers  to  the 
effect,  that  the  weight  of  water  heated  firom  the  fireezing  to  the 
boiling  point  by  one  cubic  foot  of  the  four  main  components  of 
illuminating  gas,  respectively,  is  as  follows : 

Hydrogen 2*22  lbs.  water. 

Carbonic  oxyd 2*16     "      " 

Marshgas 6-17    "      " 

defiant  gas 10*74    "      « 

The  figures  here  being  obviously  about  in  the  same  ratio  as 
those  in  the  second  column  of  Table  L  Several  most  grave 
errors,  however,  are  here  involved.  To  get  at  the  true  relative 
calorific  effects  of  the  above  gases,  when  burned  in  the  open  air, 
in  heating  water  below  its  boiling  point,  deductions  must  be 
made,  not  only  for  the  specific  heats  of  the  products  of  combus- 
tion of  the  gas,  but  also,  more  important  still,  for  the  specific 
heat  of  the  nitrogen  of  the  air  required  to  bum  the  gas.  In 
feet,  when  we  consider  that  for  each  volume  of  oxygen  required 
to  bum  a  given  volume  of  a  gas,  about  four  volumes  of  nitrogen 
must  be  heated  up  to  the  temperatures  of  the  flame,  it  becomes 
easy  to  conceive,  what  is  actually  the  fact,  that  within  certain 
limits  the  waste  of  heat  due  to  this  cause  alone  counterbalances 
altogether  the  advantage  that  would  be  supposed  to  result  fix)m 
the  crowding  of  combustible  matter  into  so  condensed  a  form 
as  in  the  illuminating  hydrocarbons.  The  result  of  our  investi- 
gations of  this  matter  is  that  the  heating  powers  of  the  flames 
of  pure  hydrogen  and  pure  olefiant  gas,  even  when  used  to  the 
greatest  advantage,  to  neat  water  below  its  boiling  point,  are 
almost  or  quite  iaentical 
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In  this  discussion  we  have  occasion  to  use  the  numbers  repre- 
senting the  specific  heats  of  but  three  gases,  the  three,  namely, 
which  remain  after  c<Mnplete  combustion,  «foam,  carbonic  add  and 
nitrogen ;  as  we  must  assume  that  in  the  hottest  and  most  lumi 
nous  zone  or  shell  of  the  flame,  there  is  no  oxygen  in  excess  to 
be  heated.  These  three  numbers  are,  according  to  Renault's 
latest  determinations,  for  equal  weights  of 

Steam 0*4806 

Carbonic  acid .  0*2168 

Nitrogen 0*2438 

{Liquid  water  being 1*0000) 

This  means  that  the  amounts  of  heat  which  would  raise  one 
pound  of  water  and  steam  to  the  same  degree  are  in  the  ratio  of 
04805  for  the  pound  of  steam,  and  1  for  the  pound  of  water. 

2.  Calculation  of  the  calorific  effects  of  Hydrogen  burning  in  axr, 
— ^Let  us  take,  firstj  the  simplest  case  possible,  that  of  hydrogen 
with  exactly  the  right  admixture  of  pure  oxygen  to  Dum  it, 
which,  by  Table  I,  develops  a  total  heat  of  84462''  C. ;  that  is, 
would  heat  a  certain  weight  of  liquid  water  to  this  temperature. 
In  order  to  find  the  actual  amount  of  heat  contained  in  the  pro- 
ducts of  combustion,  we  must  first  take  into  account  the  fact 
that  one  {>ound  of  hydrogen  bums  to  nine  pounds  of  steam,  and 
then  obtain  the  ratio  between  the  above  number,  34462,  and 
the  amount  of  heat  necessary  to  heat  nine  times  the  weight  of 
steam ;  that  is,  nine  times  the  specific  heat  of  steam.  Calling 
the  total  residual  heat  in  the  produced  steam  x,  we  have  the 
simple  proportion : 
9x(sp.  heatofsteam=0-4805): 34462^  ::(sp.  heatof  water=l):a; 

or,  X  =  ^^  =7969^  C*  =  14376°  P. ; 

a  number  which,  we  may  add,  represents  the  maximum  of  heat 
capable  of  being  imparted  theoretically  to  liquid  water  by  the 
flaine  of  Harems  oxyhydrogen  blow-pipe. 

Still,  we  have  by  no  means  here  the  actual  temperature  of 
the  firee  or  open  flame  of  Hare's  blow -pipe,  which  is  generally 
lower  than  this  figure ;  as  we  have  not  yet  taken  into  account 
the  latent  heat,  or  heat  of  vaporization,  of  the  9  lbs.  of  steam 
formed.     The  Centigrade  temperature  necessary  to  convert  1  lb. 

*  Bunaen,  in  his  Ghksometry  (English  edition  of  1867,  p.  242),  giyes  this  number 
as  8061°  0.,  the  difference  being  due  to  his  using  a  different  number  for  the  spe- 
cific heat  of  steam,  namely,  0*476,  apparently  an  earlier  determination  of  Regnault. 
Bunsen  makes  here  the  singular  oversight  of  regarding  this  flg^ure  as  the  tempera- 
ture, when  <*  the  gases  can  fVeely  expand,  as  is  the  case  in  an  open  flame,"  over- 
looking the  correction  necessary  in  this  case  for  the  himt  heai  of  steam  ofcombua* 
Akm,  as  is  explained  in  the  text  above.  This  oversight  has  doubtless  been  corrected 
by  the  distinguished  author,  but  we  have  been  unable  to  ascertain  where  the  cor- 
rection has  been  published. 
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of  water  into  steam  being  537^ ;  to  get  the  actual  temperature 
of  the  oxyhydrogen  flame,  we  must  modify  the  above  equation, 
so  that 

^^84462M9x58n  =e851»  0.  =  12864°  P. ; 
4-8245  ' 

which  is  the  temperature  actually  possible  in  the  flame  of  the 
compound  blow-pipe,  were  the  combustion  instantaneous  and 
complete. 

When  hydrogen  gas  bums  in  air^  however,  as  has  been 
before  statOT,  another  deduction  of  enormous  amount  must  be 
made  from  the  above  figures,  due  to  the  heat  required  to  expand 
the  nitrogen.  This  is  obtained  simply  by  adding  to  the  divisor, 
as  above,  the  weight  of  the  nitrogen  of  the  air  employed,  inul- 
tiplied  by  its  specific  heat  The  weight  of  the  nitrogen  in  air= 
8'318  times  the  oxygen ;  so  that  the  latter  of  the  aoove  equa- 
tions becomes 

^         34462-^(9x637<^)         ^  ^^   o  q  ^^g^^o  j 
^4-32454-(8x8-318x  0-2488)^^^^  0.-4^72  if. 

"We  have  here  a  full  explanation  of  the  extraordinary  loss  of 

Eower  in  illuminating  gas  by  admixture  of  air,  wnich  we 
ave  discussed  elsewhere.*  The  nitrogen  of  such  air  is  not 
merely  a  diluent,  or  even  a  mere  deductive  quantity ;  its  specific 
heat  is  an  actual  divisory  function  in  diminishing  tne  flame-tem- 
perature. 

This,  then,  is  the  actual  temperature  to  which  the  flame  of 
hydrogen  gas  burning  in  the  atmosphere  might  attain  to,  sup- 
posing complete  and  mstantaneous  combustion.  If  it  is  desired 
to  obtain  instead,  the  total  calorific  effectiveness,  as  in  heating 
water  below  its  boiling  point — in  which  case  the  .latent  heat  of 
the  steam  of  combustion  becomes  also  available — ^the  above 
expression  is  changed  by  simply  omitting  the  subtrahend  in 
the  numerator : 

3.  (hhulation  of  the  calorific  effect  of  carbonic  oxyd  burning  in 
air, — ^As  the  product  of  combustion  is  here  solely  carbonic  acid, 
no  latent  heat  of  steam  enters,  and  the  calorific  eflfectiveness 
is  the  same,  imder  all  circumstances,  in  air.  In  the  numerator 
we  substitute  of  course  the  calorific  ec^uivalent  of  one  volume 
of  carbonic  oxyd  from  Table  I ;  and  m  the  denominator,  for 
the  specific  heat  of  9  lbs.  of  water,  that  of  22  lbs.  of  carbonic 
acid,  Doing  the  weight  of  the  latter  formed  by  the  combustion 
and  combination  of  14  lbs.  of  carbonic  oxyd,  with  8  lbs.  of 

*  Tills  Journal,  n,  zlyMi,  40. 
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oxygen.     The  number  for  the  specific  heat  of  nitix^en  is  the 
same  as  before ;  and  the  equation  is  now 

4.  Marsh  gas  and  Olefiani  gas. — In  these  two  cases,  we  have  as 
products  of  combustion  both  carbonic  acid  and  water;  and, 
therefore,  when  the  calorific  effects  are  sought  for,  we  have 
not  only  the  latent  heat  of  steam  entering  as  a  subtrahend 
into  the  numerator ;  but  also  into  the  denominator,  as  divisors, 
all  three  of  the  specific  heats  of  steam,  carbonic  acid,  and  nitro- 
gen. 

Then,  as  8  lbs.  of  marsh  gas  consume  22  lbs.  of  oxygen,  and 
produce  22  Iba  of  carbonic  acid,  and  18  lbs.  steam ;  and  as 
14  lbs.  of  defiant  gas  consume  48  lbs.  of  oxygen,  producing 
44  lbs.  of  carbonic  acid,  and  18  Iba  of  steam,  the  equations  for 
the  calorific  powers  of  their  flames  in  air  become — 

For  marsh  gas : 

X  = 104604O~(18X637O) ^  o  C.=:4386°  F. 

(18X-4806)  +  (22X-2163)  +  (32X3-318X-2138) 

And  for  olefiant  gas : 

X  = .     166012O-(18X-637O) ^^743^  C.=4970^  F. 

(18X'4806)+(44X-2l63)+(48X3-318X-2438) 

"When  the  deduction  for  the  latent  heat  of  the  steam  of  com- 
bustion is  not  made,  the  results  in  these  two  gases  are  consider- 
ably higher,  as  will  be  obvious  from  mere  inspection  of  the 
formulae. 

We  shall  now  give,  in  tabular  form,  all  the  results  of  our 
calculations  of  the  calorific  powers  when  burning  in  the  air,  of 
the  four  gases  we  have  to  deal  with. 

Table  IL 

For  equal  yolumes  of  the       Calorific  effects  in  heat-    Cabriflc  effects,  above 
gases  burning  in  air.  ing  liquid  water.  100^  G. 

Centigrade      Fahrenheit      Centigrade       Fahrenheit 
degrees.  degrees.         degrees.  degrees. 

(  (sp.  heat  HO=-4806)  31920  )  6778°)  2744*>  )  4971*>  ) 

Hydrogen  ^(sp.  heat  HO=-4750)  32040  1  5799°  V  2756®  }.  4S9lo  }■ 

((mean 3198<* )  6788^  J  6749®)  4980®) 

Oarbonicoxyd 29960  6426«  2»96«  6426° 

Marsh  gas,  (^.  heat  HO=-4806).  2660o  4820°  2414°  4386° 

Olefiant  gas,    "     **  2916°  6481°  2743°  4970<% 

5.  ComputaMon  of  calorific  effects  of  mixed  gases', — The  above 
table  renders  simple  the  calculation  of  the  calorific  effects  of 
any  given  gaseous  mixture,  whose  centesimal  composition  is 
known.     It  is  only  necessary  to  obtain  the  sum  of  the  multiples 
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of  the  percentage  of  each  component  ffas  into  its  calorific  capa- 
city, as  given  in  this  table,  and  divide  by  100.* 

To  serve  as  examples  of  these  modes  of  computation  we 
here  cite,  in  tabular  forms,  the  results  of  some  analyses  of  a 
number  ofgaseous  mixtures,  made  by  us  during  the  winter  of 
1868-9.  [These  analytical  results,  it  may  be  remarked,  pos- 
sess points  of  novelty  and  importance,  both  scientific  and  prac- 
tical, which  will  bring  them  up  again  hereafter,  in  other  connec- 
tions.    They  are  here  placed  on  record.] 

Table  Hi,  gives  the  results  of  two  analyses  of  gaseous  mix- 
tures obtained  by  passing  steam  superheated  to  incandescence  up- 
ward through  a  mass  of  antlira/nte  coal  heated  to  a  high  degree 
in  a  clay  retort  of  a  novel  construction,  according  to  what  is 
now  known  as  the  "  Grwynne-Harris,"  or  American  Hydrocarbon 
Qbs  System.  In  this  table  the  results  are  calculated  without 
carbonic  acid  and  sulphuretted  hydrogen,  which,  with  traces  of 
nitrogen  and  sometimes  of  oxygen,  are  found  in  the  unpurified 
anthracite  ga& 

Table  m. 

No.  1.  1^0.  2.  Mean. 

Hydrogen 60-43  69-32  69-87 

Carbonic  oxyd 86-44  37-14  36-29 

Marshgas 4-13  3-64  3-84 

100-00  100-00  lpO-00 

In  Table  IV,  column  1  gives  the  results  of  the  analysis  of 
the  street  gas  served  out  at  this  period  by  the  New  Haven  Gas 
Light  Company ;  made  fi-om  Westmoreland  coal  enriched  with 
about  six  per  cent  of  Albertite.  Column  2,  the  mean  of  four 
analyses  of  the  completed  hydrocarbon  gas  made  by  us  at  Fair 
Haven  during  the  same  time,  by  combinmg  gas  from  the  same 
Westmoreland  coal  (with  10  per  cent  of  Albertite)  with  about 
half  its  volume  of  the  Anthracite  gas.  Columns  3  and  4  are 
obtained  from  1  and  2  by  centesimal  reduction,  after  deduction 
of  the  illuminant  ing^-edients,  being  what  we  propose  to  desig- 
nate as  the  non-illuminating  svbstrata  of  illuminatmg  gases. 

*  Prof.  Bunsen,  in  the  masterly  discussion  of  the  subject  presented  in  his  GuS' 
ometryf  not  having  in  yiew  the  exact  object  we  propose,  has  used  a  train  of  reason- 
ing and  a  mode  of  formulation  of  some  complezitj,  to  follow  which  requires  some 
fit^e  mathematical  skill — ^part  of  his  object  having  been  to  construct  a  formula  so 
general  and  comprehensive  as  to  cover  the  direct  computation,  from  any  gaseous 
mixture  independently  of  its  special  calorific  intensity.  We  have  here  aimed  at  so 
ahnplifying  as  to  bring  the  whole  subject  within  the  capacity  of  aU.  Our  above 
tabulation  of  the  individual  gaseous  components,  as  a  starting  point,  seems  to  us  to 
accomplish  this  most  effectually,  so  far  as  illuminating  gases  are  concerned. 
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Table  IV. 


(I.)  (2.)  (S.)  (4.) 


HewHftTea        FalrHftren  Babttratnm  

CttjOaB.  Hydrooar-  of  New  ofFatr 

bon  Qm.  HftTen  Om.  H»TeB  Qm. 


Hydrogen 43-58  4677  4679  50-27 

Carbonic  oxyd...  214  9-66  2-31  10-27 

Marsh  gas 47-42  86-71  60-90  89-46 

niuminants 6*86  6-96             


10000  100-00  100-00  100-00 

Table  Y  gives  the  results  of  the  computation,  fix)m  our  for- 
mulae, of  the  calorific  powers  of  these  five  gaseous  mixtures,  for 
communicating  temperatures  both  above  and  below  that  of  aque- 
ous ebullition.  We  should  remark  that  we  have  here  been 
obliged  to  regard  the  volumes  of  illuminant  hydrocarbons  as  rep- 
resenting plefiant  gas  solely;  both  because  we  have  no  certam 
data  as  to  their  retd  nature,  and  particularly  because,  if  we  ac- 
tually knew,  or  should  assume,  the  nature  of  the  hjrdrocarbon 
vapors  present,  still  we  have  no  experimental  calonfic  equiva- 
lents, as  we  have  for  olefiant  gas,  from  which  to  start  in  such  a 
computation.  We  have  reason  to  believe  nevertheless  that  the 
errors  thus  introduced  are  not  important  in  amount 

Table  Y. 

Welj[btoofwAfcer  W*tB  of  water  Ut  column  re-  8d  column  re* 

eqoAlIjr  taeftted     equally  heated     dnoedtoN.  dneedtoNew 

below  boil*ff ;  bj   Above  Doa*g ;  by  HftTengM  HaTengas 

equal  Yolunea.     equal  Tolnmea.         —100.  -'^ 


Anthracite  gas 3100  2823  104-2  109*2 

Substratum  of  the  New  Haven 

street  gas 291t  2681  98-1  996 

Substratum  of  the  Fair  Haven 

hydrocarbon  gas 2962  2640  99*6  102*0 

New  Haven  gas;  with  tiie  U- 

luminantsassumedasoleAant      2974  2692  100*0  100-0 

Fair  Haven  gas ;  with  the  11- 

luminants  assumed=olefiant      2959  2647  99*6  102*1 

8.  Conclusions, — Some  of  the  practical  conclusions  to  which 
we  are  led,  by  the  results  of  the  above  investigations,  are 
somewtiat  remarkable,  so  that  we  feel  diffident  recarding 
them.  It  is  however  always  safe  to  follow  the  leading  of 
truth,  however  astray  she  may  conduct  us  fix)m  our  precon- 
ceived notions. 

From  Table  11  it  is  apparent: 

1.  That  of  all  known  gases,  the  highest  calorific  effects,  under 
ordinary  atmospheric  conditions,  are  obtainable  fix)m  carbonic 
oxyd;  whose  calorific  value,  above  100°  C,  is  about  8000°  C. 

2.  That,  in  absolute  calorific  value,  below  100°  C,  in  the  at- 
mospheric medium,  hydrogen  surpasses  its  volume  of  any  other 
gas;  giving  a  temperature  of  about  8,200°  C. 
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3.  That  for  all  modes  of  application — ^that  is,  for  producing 
both  high  and  low  temperatures — ^the  total  maximum  calorific 
eflFectiveness  of  carbonic  oxyd  is  a  constant  quantity.* 

4.  Compound  condensed  submultiple  volumes  of  hydrogen, 
Kke  that  in  marsh  gas,  have  much  less  total  calorific  value  in  air 
than  their  volume  of  fi-ee  hydrogen. 

6.  Condensed  compound  submultiple  volumes  of  gaseous  car- 
bon, like  that  in  olefiant  gas,  have  no  greater  total  calorific  value, 
in  air  below  100°  C,  than  their  own  volume  of  carbon  gas  in 
the  form  of  carbonic  oxyd ;  while  above  lOO*'  C.  their  value  is 
even  considerably  less. 


Art.  XXX VIL — On  the  Laurentian  and  Huronian  Series  in  Nova 
Scotia  and  New  Brunswick;  by  Henby  Youle  Hind,  M.A. 

OONTEHis: — 1.  Introduction;  2.  General  Sketch  of  the  Distribution  of  the  Huronian 
and  Laurentian  Series  in  Nova  Scotia ;  3.  Sequence  of  Formations — The  Upper 
Silurian ;  4.  The  Lower  Silurian ;  6.  The  Gold-bearing  Rocks ;  6.  The  Cambrian 
or  Huronian  Series;  7.  The  laurentian  Series;  8.  The  Eozodn  Canademe; 
0.  Cape  Breton  Island. 

1.  Introduction, 

The  descriptions  contained  in  this  paper,  so^  far  as  they  relate 
to  Nova  Scotia,  are  in  the  main  the  results  of  observations 
during  the  summers  of  1868  and  1869,  while  making  geological 
surveys  for  the  Nova  Scotian  government,  in  the  gold  districts  of 
Waverley  and  Sherbrooke.  The  comparisons  with  New  Bruns- 
wick are  based  on  my  official  Eeport  on  the  geology  of  that 
Province ;+  and  the  references  to  Cfape  Breton,  when  not  other- 
wise stated,  are  from  MS.  notes  of  explorations  in  that  Island 
during  1866. 

The  object  of  this  paper  is  to  show  that  two  gneissoid  series, 
supposed  to  be  the  equivalents  of  the  Huronian  and  Laurentian 
of  Sir  W.  E.  Logan,  are  exposed  over  very  large  areas  in  Nova 
Scotia,  the  Island  of  Cape  Breton  and  in  New  jBrunswick.  J 

The  boundaries  of  the  series  have  been  traced  through  parts 
of  Hali&x,  Hituts  and  Guysborough  counties  in  Nova  Scotia. 
In  New  Brunswick  J  numerous  narrow  belts  extending  from  the 

*  Metallurffists,  especiaUj,  will  appreciate  the  suggestive  import  of  the  truth, 
presented  under  the  first  and  third  heads;  here  enunciated,  as  we  think,  for  the 
first  time.  It  is  to  be  noted  that  all  the  above  effects  belong  to  the  mcmmum  kinds 
and,  of  course,  reach  their  development  onlj  under  the  most  favorable  conditions 
in  each  case  respectively. 

{Preliminary  Report  ontheOeology  of  New  Brunswick:  Fredericton,  1865. 
In  southern  New  Brunswick  Prof.  Bailej  and  Mr.  Mathew  have  discovered 
and  described  rocks  of  Laurentian  and    Huronian  age.    '*  Observations  on  the 
Oeologj  of  Southern  New  Brunswick : "  Fredericton,  1866.    Also  see  an  able  paper 
bj  Mr.  Mathew  in  the  Journal  of  the  (Geological  Society  of  Lcmdon  for  1865. 
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bay  of  Chaleurs  to  the  boundary  line  between  New  Brunswick 
and  Maine  are  supposed  to  represent  the  Laurentian  and  are 
described  in  my  Report  on  New  Brunswick,  published  in  1865 
^p.  42^2). 

Geological  maps  of  Nova  Scotia  were  published  by  Dr. 
Abraham  Gesner  in  1836,*  by  Dr.  Dawson  in  1865,t  and  in 
1868,$  and  by  Sir  William  E.  Logan  in  1865§  and  in  1869.| 

Sir  William  Logan  states,  in  the  introduction  to  his  Atlas  of 
Maps  and  Sections,  that  for  the  geology  of  Nova  Scotia  "  a 
manuscript  map  by  Dr.  J.  W.  Dawson,  compiled  from  his  own 
resources,  and  those  of  Messrs.  B.  Brown  and  H.  Poole,  has 
been  the  source  of  information. "  Hence,  in  making  the  necessary 
comparisons  between  the  subject  of  this  paper  and  the  published 
descriptions  and  maps  of  Nova  Scotia,  I  shall  have  to  refer 
almost  exclusively  to  Dr.  Dawson's  map  of  1868,  accompanying 
the  2d  edition  of  his  beautiful  work  on  Acadian  Geology. 

In  a  Preliminary  Report^"  on  the  supposed  Laurentian  of 
Nova  Scotia,  I  have  quoted  some  passages  from  Dr.  Dawson's 
work,  especially  the  explanation  to  the  geological  map,  in  which 
the  uncertainty  of  the  Doundaries  of  formations,  and  the  doubt- 
ful age  of  some  strata,  is  adverted  to.  The  recognition  of  a 
very  large  gneissoid  area  in  Nova  Scotia,  supposed  to  represent 
two  series  not  hitherto  described  as  occurring  in  the  Province, 
will  enable  some  of  the  changes  in  part  anticipated  by  Dr. 
Dawson  to  be  foreshadowed  with  some  degree  of  accuracy ;  and 
it  is  proper  to  repeat  here  Dr.  Dawson's  first  paragraph  of  the 
"  Explanations  to  the  Geological  Map  " : —  "  The  map  in  this 
edition,  though  greatly  improved,  is  still  to  be  regarded  as 
merely  a  rude  approximation  to  the  truth,  and  the  coloring  in 
many  places,  more  especially  in  the  interior,  remote  from  the 
coast  lines,  is  little  more  than  conjectural" 

In  various  parts  of  "Acadian  Geology  "  reference  is  made  to 
rocks  which  were  suspected  by  Dr.  Dawson  to  be  older  than  the 
Lower  Silurian  slates  and  quartzites.  (See  particularly  page  620, 
Acadian  Geology,  2d  edition).  These  will  probably  now  be 
classed  with  the  Huronian  series ;  and  the  massive  porphyroid 
granitoid  gneiss  on  which  they  rest,  with  the  Laurentian. 

Dr.  Sterry  Hunt  visited  Nova  Scotia  in  November,  1867  "  for 
the  purpose  of  making  some  observations  on  the  gold-bearing 

*  Remarks  on  the  Qeology  and  Mineralogy  of  NovaSootia:  bj  Abraham  Gesner; 
Halifax,  1836. 

(Acadian  Geology,  Ist  edition. 
Acadian  Greology,  2d  edition ;  Macmillan  k  Oo.,  London,  1868. 
Atlas  of  Maps  and  Sections;  Montreal,  Dawson  Brothers,  1866. 
Geological  Maps  of  Canada  and  the  adjacent  regions,  1869:  London,  Edward 
Standford. 

^  Preliminary  Report  on  a  Gneissoid  Series  underlying  the  Gold-bearing  Rodcs  of 
Nova  Scotia,  and  supposed  to  be  the  equivalent  of  the  Laurentian  System ;  Halifax, 
N.  S.,  Junuary  6, 1870. 
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rocks  of  that  Province,  with  the  view  of  comparing  them  with 
those  of  other  parts  of  the  dominion,  and  also  of  obtaining  such 
information  as  might  be  usefiil  in  the  event  of  a  geological 
survey  of  Nova  Scotia  itself" 

Dr.  Hunt's  stay  in  the  Province  was  limited  to  four  weeks  in 
the  months  of  ISovember  and  December,  and  in  the  descriptions 
which  he  has  given  in  his  official  report  to  Sir  W.  E.  Logan* 
he  quotes  the  following  as  the  principal  sources  of  information 
about  the  geology  and  mineralogy  of  Nova  Scotia :  Dr. 
Dawson's  Acadian  Geology,  1st  ed. ;  Mr.  Poole's  Report,  1862  ; 
Mr.  J.  Campbell's  Eeports,  1862  and  1863 ;  Professor  B.  Sill- 
man's  Reports  on  Tangier,  Waverley  and  Montague  Gold 
Fields,  1864. 

Allusion  is  made  in  the  Atlas  of  Maps  and  Sections  of  the 
Greological  Survey  of  Canada  to  the  opinions  expressed  in  my 
Report  on  New  Brunswick  that  mucn  of  the  granites  of  that 
Province  consist  of  altered  sedimentary  strata.  "  Much  of  what 
in  Nova  Scotia,  New  Brunswick  and  Maine,  is  represented  on 
the  map  as  intrusive  rock  (chiefly  granite)  probably  consists  of 
paleozoic  strata  altered  in  situ  as  a&eady  suggestea  by  Dawson 
and  Hind.  See  the  latter's  Report  on  New  Brunswick,  1865, 
page  50."  (Atlas  of  Maps  and  Sections,  Geological  Survey  of 
Canada,  1865,  page  20). 

The  remarkable  similarity  which  exists  between  the  rocks 
constitutijig  part  of  the  great  gneissoid  axis  of  New  Brunswick 
and  the  gneissoid  series  now  described  of  Nova  Scotia,  coupled 
with  the  equally  marked  similarity  wiiich  obtains  between  the 
paleozoic  strata  resting  on  these  gneisses  in  both  Provinces  (on 
the  Nipisiquit  in  N.  B.),  satisfies  me  that  they  are  of  the 
same  ^e. 

2.   General  Sketch  of  the  Distribution  of  the  Huronian  and  Lauren- 
tian  Series  in  Nova  Scotia. 

In  this  general  sketch  of  the  old  gneissic  rocks  of  Nova 
Scotia,  thev  are  grouped  together.  In  succeeding  paragraphs  it 
is  stated  where  tne  BLuronian  or  Cambrian  gneiss  and  scnist  rest 
on  the  old  Laurentian  meiss  as  &r  as  known. 

The  outcrop  of  the  Laurentian  and  Huronian  rocks  in  Hali- 
fiix  and  Hants  counties,  N.  S.,  has  been  traced  j&om  a  point 
seven  miles  west  of  Windsor  on  the  Basin  of  Mines  (Bay  of 
Fundy)  to  the  Atlantic  coast  at  Cape  Sambro,  a  distance  of 
forty-eight  miles  in  an  air  line,  and  sixty-four  miles  on  the 
margin  of  the  outcrop.  This  is  the  northeasterly  boimdary 
of  an  immense  area  of  the  same  rock  series  which  fix)m  informa- 
tion hereafter  noticed  I  believe  continues  with  variable  breadth 

*  Report  of  Dr.  T.  Sterrj  Hunt,  FJELa,  on  the  Gold  Begion  of  Noya  Sootia ; 
Ottawa,  1868. 
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to  the  Tusket  Islands,  near  Yannouth,  a  distance  of  about  one 
hundred  and  thirty-five  miles  in  an  air  lina 

The  area  above  described  forms  the  western  development  of 
the  Laurentian  and  Huronian  gneisses  and  schists  in  Nova  Scotia 
It  is  separated  from  the  eastern  development  by  a  narrow  but 
profound  valley  occupied  by  Silurian  strata,  whose  least  breadth 
IS  eight  milea  The  outcrop  of  the  southwestern  boundary  of  the 
eastern  development  is  not  continuous,  but  embraces  two  areas 
near  Grand  and  Fletcher's  Lakes,  and  an  area  of  unknown  but  very 
considerable  and  of  variable  width,  stretching  from  Parker's  Lake, 
with  some  narrow  interruption  of  Silurian  strata  which  have 
escaped  denudation,  probaoly  all  the  way  to  the  Strait  of  Canso 
and  Chedabucto  Bay,  a  distance  of  one  hundred  and  twenty 
miles  in  an  air  line :  so  that,  generally  speaking,  a  Laurentian 
axis,  capped  here  and  there  by  strata  of  Huronian  ace,  occupies 
Nova  Scotia,  certainly  in  one  place  at  least  forty-eight  miles  in 
breadth. 

The  existence  in  Nova  Scotia  of  all  formations  from  the  Trias 
to  the  Laurentian,  with  the  exception  of  the  Permian,*  may 
now  be  considered  as  established.  Whether  the  rocks  noticed 
in  the  foot-note  are  of  Permian  or  Triassic  age  I  am  not  able  to 
say,  but  judging  from  the  descriptions  given  of  the  relations  of 
the  Triassic  to  the  Carboniferous  by  Dr.  JJawson,  I  have  hitherto 
considered  small  unconformable  patches  in  Cape  Breton  as  of 
Triassic  age,  and  regarded  them  as  the  continuation  of  the 
Prince  Edward  ]^land  series,  resting  on  Lower  Carboniferous 
rocks. 

The  entire  series  from  the  Lower  Carboniferous  downward, 
with  the  exception  of  the  Devonian,  is  passed  over  in  a  journey 
by  rail  from  W indsor  to  Halifiuc,  in  a  distance  of  fourteen  miles. 
Tjie  Devonian  occurs  at  Nictau,  and  rest  there  on  Upper  Silurian 
slatesf  which  probably  sweep  round  the  Falmoutn  mountains 
and  connect  with  the  Upper  Silurian  near  Windsor. 

8.  Sequence  of  Formatione — The  Upper  Silurian. 
On  the  St  Croix  river,  eight  miles  from  Windsor,  the  Lower 
Carboniferous  grits  are  seen  to  rest  on  Upper  Silurian  argillites. 

*  In  Cape  Breton,  at  Jumping  Brook,  seven  mOes  northeast  of  Ghetican  Island 
on  the  Gulf  coast,  and  at  Trout  Brook,  five  miles  northeast  above  CSieticao,  mottfed 
saadstones  and  conglomerates  re^  unoonformably  on  white  and  mottied  sandstooea 
and  bituminous  shales,  supposed  to  be  of  Lower  Carboniferous  age.  These  latter 
rest  unoonformably,  the  first  on  red  metamorphio  rocks,  the  second  aie  seen  in  dose 
proxmiity  to  red,  green,  and  blade  corrugated  schists,  supposed  to  be  of  Lower  ^urian 
age.  In  Dr.  Dawson's  tabular  view  of  the  geological  formatioiis  of  the  Acadiaii 
I^vinces  (page  19,  Acad.  Oeology)  the  Permian  is  stated  to  be  *'  not  represented 
unless  bj  Uie  lower  part  of  the  sandstones  of  Prince  Edward  Island.**  May  not 
tiie  unconformable  patches  in  Oape  Breton  be  a  continuation  of  tiiese  Prince  Edward 
Idand  deposits? 

f  Page  498  Dawson's  Acadian  Gedogy,  2d  edition. 
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The  grits  dip  N.  60**  W.  ^5"*;  the  aigillites  &  70**  R  Z50^ 
The  argillites  are  generally  yery  fine  grained,  green  internally, 
but  red  on  weathenng ;  they  are  interstratified  with  thin  beds  of 

auartzites,  and  haye  a  breadth  near  the  railway  of  170  chains ; 
leir  dip  being  tolerably  uniform,  and  no  repetitions  visible ; 
their  thickness  may  approach  9,000  feet 

The  argillites  resemble  in  every  particular  ai^gillites  seen  on 
the  Tobique  in  New  Brunswick,  and  there  associated  with  their 
calcareous  beds,  holding  Favosites  Oothlandiccu  These  are 
described  in  my  report  on  New  Brunswick.* 

Toward  the  upper  portion  of  the  series  the  argillites  are  con- 
formably succeeded  by  bluish-black  slates,  holding  cubical 
crystals  of  iron  pyrites,  and  resembling  roofing  slatea  A  similar 
change  occurs  on  the  Tobique  in  New  Brunswick.  These  bluish- 
black  slates  are  exposed  to  a  great  extent  on  the  Ardoise  hill 
range,  N.  S. 

4.  The  Lower  Silurian. 

A  good  exposure  of  the  blue-black  Upper  Silurian  slates  is 
visible  at  the  18th  telegraph  post  south  of  Ellerhouse  station  on 
the  B[alifax  and  Windsor  Ilailwajr,  dipping  S.  20®  B. ;  and  at  the 
88th  tel^raph  post  brilliant  micaceous  schists,  interstratified 
with  black  corrugated  slates,  dip  N.  40®  E.,  the  intermediate 
space  being  covert  with  boulder  drift.  The  brilliant  micaceous 
schists,  as  well  as  the  corrugated  slates,  are  much  contorted,  and 
overlie  conformably  the  gold-bearing  quartzite  seriea 

The  micaceous  schists  and  the  corrugated  black  slates  cannot 
be  distinguished  fix)m  similar  schists  and  slates  described  in  my 
New  Brunswick  Report  as  occurring  on  the  Nipisiquit,  and 
near  Dumbarton  station  on  the  New  Brunswick  and  Canada 
Railroad  (pp.  147  and  164>  where  they  are  associated  with  the 
red  slates  supposed  to  be  tne  uppermost  member  of  the  Quebec 
group  of  Sir  W.  E.  Logan.  The  black  corrugated  slates  contain 
conformable  auriferous  beds  of  quartz,  but  no  mining  is  at 
present  carried  on  in  these  deposita  They  are  about  8,(K)0  feet 
m  thickness. 

5.  The  Oold'hearing  Bocks. 

The  known  gold-bearing  rocks  of  Nova  Scotia  consist  of 
auartzites,  suidstones  and  grits,  interstratified  with  argillaceous 
slates,  and  thin  conformable  and  intercalated  beds  of  auriferous 

S[uartz.  The  portion  has  an  ascertained  thickness  of  9,000 
eet,  and,  between  the  base  and  a  vertical  thickness  of  about 
8,000  feet  from  the  summit,  the  thin  beds  of  quartz  are  found 
gelding  gold^  and  are  worked  in  diflferent  districts  in  the  Prov- 
moe,  so  that  a  mass  of  strata  having  a  thickness  of  six  thousand 

*  Pag*  131. 
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feet,  or  more  than  a  mile>  yields  gold  from  quartz  beds  of 
contemporaneous  age  with  the  quartzites  and  slates  with  which 
they  are  interstratified ;  and  it  is  from  these  quartz  beds  that  the 
greater  part  of  the  gold  of  Nova  Scotia  is  obtained.*  The  total 
thickness  of  the  gold-bearing  series,  including  the  corrugated 
black  slates  and  the  brilliant  micaceous  schists,  is  about  12,000 
feet 

6.  The  (hmbrian  or  Huronian  Series. 
In  some  parts  of  Nova  Scotia  the  known  cold-bearing  rocks 
rest  unconformably  on  a  gneissoid  series,  which  are  well  exposed 
to  view  on  the  Halifax  and  Windsor  Eailway.  between  Stillwater 
and  Mount  Uniacke  Station,  near  the  village  of  Sherbrooke, 
in  Guysborough  county.  This  series  is  composed  of  beds 
of  gneiss,  interstratified  with  micaceous  schists,  schist  con- 
glomerate, beds  of  true  quartzite,  and  grits.  The  gneiss  is 
sometimes  porphyritic,  and  the  upper  he&  are  almost  always 
conglomerate,  holding  pebbles  and!^  masses  of  schist,  grits,  and 
conglomerates,  which  are  found  in  this  series.     Some  of  the 

Sieissic  strata  are  gametiferous,  as  are  also  the  micaceous  strata, 
etween  Stillwater  and  Mount  Uniacke  stations,  the  general 
strike  of  the  Lower  Silurian  is  N.  80°  E.,  dip  K  ^l80'';  the 
prevailing  strike  of  the  Huronian  is  S.  50°  E.,  the  raOroad  track 
running  for  two  or  three  miles  on  the  strike  of  these  rocks. 
Near  to  their  junction  with  the  Huronian,  the  Silurian  sdusts 
are  more  altered  than  when  remote,  and  hold  numerous  crystals 
of  andalusite.  This  series  has  been  very  extensively  denude! ; 
and  in  some  places  Silurian,  Huronian  and  Laurentian  are  seen 
in  close  juxtaposition.  The  thickness  at  Sherbrooke  is  about 
1,800  feet 

When  the  preliminary  report  already  referred  to  was  in  the 
hands  of  the  printer,  I  satisfied  myself  by  repeated  observations, 
that  a  very  decided  unconformabUity  existed  between  these 
supposed  older  strata  and  the  gold-bearing  series ;  also  between 
the  older  strata  and  the  Laurentian ;  and  I  have  succeeded  in 
discovering  in  various  places : 

1st  The  unconformable  (fontact  of  the  Lower  Silurian  gold- 
bearingstrata  with  the  underlying  gneissoid  and  schistose  series ; 

2d.  The  unconformable  contact  of  this  gneissoid  and  schistose 
series  with  the  old  porphyritic  gneiss  which  I  had  before  described 
as  Laurentian ; 

Sd.  The  unconformable  contact  of  the  gold-bearing  series 
with  the  old  Laurentian  gneiss,  showing  the  absence  of  the 
intermediate  gneissoid  series,  or  the  Huronian. 

These  several  points  of  contact  are  visible  at  both  extremities 
of  a  patch  of  Huronian  strata  about  four  miles  broad,  overlying 

*  Bee  mj  report  on  the  Sherbrooke  Distriot  for  a  deBoription  of  the  amifemu 
lodes,  distinguiahing  between  oontemporaneous  and  intercalated  lodoa. 


Digitized  by  VjOOQ  IC 


Huronian  Series  in  Nova  Scotia,  858 

the  Laurentian  on  the  Windsor  and  Halifax  railway,  com- 
mencing one  mile  or  thereabouts  southeast  of  New  Stillwater 
station,  and  terminating  at  Uniacke's  second  lake,  and  more 
than  half  a  mUe  west  of  Mount  Uniacke  station. 

7.  The  Laurentian  Series. 

The  rocks  last  described  are  visible,  as  already  stated,  in 
unconformable  contact  with  a  coarse  porphyroid,  granitoid  gneiss 
near  Stillwater  station.  The  strike  of  the  CTanitoid  gneiss  is  N. 
10°  W. ;  dip  W^  at  an  angle  of  about  48  aegrees.  Five  miles 
ferther  south,  and  within  a  third  of  a  mile  of  Mount  Uniacke 
station,  the  Silurian  quartzites  rest  on  the  Laurentian  gneiss — 
the  quartzites  having  a  strike  N.  75°  W.,  and  the  old  gneiss  N. 
20°  W.  Between  Stillwater  and  Mount  Uniacke,  the  Huronian 
aeries  rests  on  the  old  gneiss,  and  the  Silurian  on  the  Huronian; 
but  north  of  Stillwater  and  south  of  Mount  Uniacke  the  Silurian 
strata  are  in  contact  with  Laurentian  gneiss,  and  so  continue 
until  another  patch  of  Huronian  is  reached, — this  last  named 
series  appearing  to  cover  comparatively  small  areas  in  the  great 
Laurentian  valley  between  Halifax  and  Windsor;  but  in  the 
more  western  counties  it  is  exposed,  I  have  reason  to  believe,  to 
a  very  considerable  extent 

Li  the  county  of  Gujsborough  the  gold-bearing  rocks  at 
Sherbrooke  rest  on  the  mironian,  which  again  is  seen  close  at 
hand  in  contact  with  the  old  Laurentian  gneiss.  Li  the  middle 
and  eastern  part  of  Nova  Scotia  the  thickness  of  the  Huronian 
does  not  appear  to  be  very  considerable,  but  no  complete  section 
has  yet  been  crossed  except  at  Sherbrooke.  Between  Halifax 
and  Windsor  the  Lower  Silurian  series  occupies  a  great  valley 
or  synclinal  fold  in  the  old  Laurentian  gneisa  The  average 
breadth  of  the  valley  is  nine  miles,  and  its  depth  must  exceed 
two  miles.  Its  general  course  is  northwest  (true) ;  and  the  gold 
districts  of  Mount  Uniacke  and  Hammond's  Plams  are  arranged 
on  its  western  boundary  ;  and  those  of  Lawrencetown,  Montage, 
Waverley  and  Renfrew  on  the  eastern  boundary  of  the  vaUey, 
occupying  crowns  of  anticlinals,  which  have  a  general  northeast- 
by-east  direction. 

In  one  part  of  the  county  of  Ghiysborough,  the  Laurentian, 
with  a  narrow  band  (as  fiu-  as  known)  of  Huronian,  forms  a 
nucleus,  having  an  area  of  about  120  square  miles.  Around 
this  nucleus  the  gold  districts  of  Cochrane's  Hill,  Sherbrooke, 
Wine  Harbor,  Isaac's  Harbor  and  County  Harbor,  are  arranged, 
also  on  the  crowns  of  anticlinals,  which  nave  a  general  easterly 
and  westerly  direction. 

The  profound  Silurian  valley  between  Halifax  and  Windsor, 
divides  the  Atlantic  portion  of  Nova  Scotia  proper  into  two 
distinct  geographical  areas,  in  both  of  which  the  old  porphyroid 

Am.  JouB.  Sol— Sboond  Smm,  Vol.  XLIX,  No.  147.~Mat,  1870. 
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Laurentian  gneiss  forms  the  axis  around  wliich  the  Huronian 
and  Silurian  series  are  arranged ;  but  with  respect  to  the  precise 
limits  of  their  formations  little  is  known  to  the  west  or  to 
the  east 

From  Dr.  Dawson's  published  maps  and  descriptions,  Mr. 
Poole's  manuscript  maps  of  the  western  part  of  the  peninsula, 
and  the  numerous  rock  specimens  collected  by  that  gentleman, 
and  placed  at  my  disposal  by  the  Commissioner  of  Mines, 
coupled  with  valuable  mformation  derived  fix)m  other  sources, 
I  infer  that  this  coarse  Laurentian  gneiss  extends  in  one  unbro- 
ken sheet  of  strata,  but  of  variable  width,  a  distance  of  ninety 
miles  west  of  Windsor,  and  occupies  a  large  portion  of  the 
uninhabited  wilderness  in  that  part  of  the  Province.  Much  of 
the  gneiss,  schist  and  mica  slate,  seen  by  Mr.  Poole,  and  described 
in  fis  Report,  and  illustrated  by  his  specimens,  together  with 
Ihe  gneiss,  mica  schist,  and  chloritic  feeds  alluded  to  by  Dr. 
Dawson,  and  by  that  geologist  long  spoken  of  as  probably  older 
than  the  Lower  Silurian,  are  probably  representations  ih  many 
instances  of  the  Huronian  in  the  district  where  they  occur. 

8w  The  Eozoon  Ganadense. 

In  the  autumn  of  1868,  Dr.  Honeyman,  then  engaffed  on  the 
geological  survey  of  Canada,  discovered  on  the  wSf  coast  of 
Kova  Scotia,  in  the  Arisaig  district,  and  near  the  base  of  the 
Antigonish  mountains,  syenites,  diorites,  and  crystalline  lime- 
stone, with  serpentine,  which  he  then  supposed  were  of 
Laurentian  age,  as  he  informed  me  subsequently  to  the  publi- 
cation of  my  PreUminaiy  Report  on  the  Nova  Scotia  Laurentian. 
Specimens  were  sent  to  Montreal  for  examination,  and  instmc- 
tions  were  given  by  Dr.  Hunt,  who  also  shared  Dr.  Honeyman's 
opinion,  to  the  lapidary,  to  prepare  sections  of  the  serpentinous 
rock,  for  microscopic  examination.  By  some  mischance  this 
was  neglected,  and  the  specimens  remained  unexamined  and 
indeed  forgotten,  until  quite  recently,  as  Dr.  Hunt  informs  me, 
under  date  Feb.  8d,  1870.  When  submitted  to  the  microscopic 
test,  the  EasBOim  Canadense  was  distinctly  seen,  and  Dr.  Dawson 
has  confirmed  the  observations. 

This  fortunate  occurrence  has  a  two-fold  bearing.  It  not  only 
affords  most  satisfactory  testimony  to  the  existence  in  Nova 
Scotia  of  the  Laurentian  limestones,  but  it  enables  geologists  to 
recognize  the  truth  of  Dr.  Honeyman's  opinions,  almough  by  an 
accident  these  opinions  were  not  made  known  or  confirmed  until 
after  the  publication  of  my  Report  It  is  with  pleasure  I  take 
advantage  of  the  permission  Dr.  Hunt  has  given  me  in  the  letter 
above  refeared  to,  to  use  the  information  respecting  the  recent 
discovery  of  the  Eozodn  in  the  Antigonish  limestones  as  I  may 
tiiiok  fit ;  and  I  am  rejoiced  that  ti^  publication  of  my  offidid 
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Keport  announcing  tlie  series  over  a  wide  extent  of  country  has 
resulted  in  the  just  though  tardy  recognition  of  the  correctness 
of  Dr.  Honeyman's  views  with  reference  to  the  age  of  the  lime- 
stones and  diorites  of  Arisaig. 

In  other  parts  of  Nova  Scotia  the  Laurentian  is  yet  known 
only  in  the  form  of  coarse  porphyroid  gneiss ;  but  the  area 
occupies  is  a  lake  and  forest  Yaldemess  fiequented  only  by  the 
lumberman  and  the  hunter. 

The  descriptions  given  bv  Sir  W.  E.  Logan  of  a  similar  rock 
in  the  Laurentian  oi  Canaaa  apply  exactly  to  liie  characteristic 
strata  in  Nova  Scotia.  "The  coarse-grained  granitoid  and 
porphjritic  varieties,  which  often  form  mountain  masses,  Bome- 
times  have,  at  first  sight,  but  little  the  asjpect  of  stratified  rocks, 
and  might  be  mistaken  for  intrusive  gramtea"  * 

9.  Cape  Breton  Island. 

The  undoubted  recognition  of  the  Laurentian  limestones  and 
serpentines  in  the  Ansaig  district  of  Nova  Scotia  is  of  great 
simificance,  and  an  important  link  in  the  chain  of  evioence 
which  will  ultimately  establish  the  correctness  of  my  supposition 
that  a  great  belt  of  rocks,  of  the  age  of  the  Laurentian  series,  is 
exposed  at  short  intervals  apart  fi'om  Newfoundland  in  lati- 
tuae  61**  to  Shelboume  in  Nova  Scotia,  latitude  44^t 

In  Cape  Breton  Island  I  saw  in  1866  the  black  corrugated 
slates  forming  the  summit  of  the  gold-bearing  series  in  Nova 
Scotia,  about  five  miles  north  of  Qietican  Island  on  the  Gulf 
coast ;  and  on  the  Mackenzie  river,  near  Bed  Cape,  I  crossed 
part  of  a  great  gneissoid  seriea 

In  other  parts  of  Cape  Breton  I  have  seen  similar  gneisses  as, 
for  instance,  near  the  mouth  pf  North  river,  Si  Ann's  Bay,  and 
on  the  peninsula  opposite  Baddeck. 

Dr.  Honeyman  mforms  me  that  he  considers  Ate  gold-bearing 
rocks  of  Middle  Eiver  in  Cape  Breton  to  be  of  the  same  age  as 
those  of  Nova  Scotia.  Hence  it  becomes  more  than  probable 
that  a  large  portion  of  the  area  colored  by  Dr.  Dawson  to 
represent  Upper  Silurian  in  the  northern  pan  of  the  Island  is 
occupied  by  rocks  of  Huronian  and  Laurentian  age. 

Around  the  outcrops  of  these  rocks,  wherever  the  Lower 
Silurian  reposes  on  either  one  or  the  other,  we  may  expect  to 
find  new  workable  gold  deposits  occupying  the  crowns  of  anti- 
clinals  which  intersect  the  countrjr  witn  remarkable  uniformity. 

Hence  we  may  legitimately  anticipate  that  the  correct  mapping 
of  these  ancient  rock  series  may  be  attended  with  coi]i3iderable 
economic  advantage  to  the  Province. 

*  Page  687,  6eol(^  of  Canada,  1863. 

f  Page  1 1,  Preliminary  Report  on  a  Gneissoid  Series  in  Nora  Scotia,  bj  the  author. 
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Art.  XXXYin. — Contributions  to  Chemistry  from  the  Laboratory 
of  the  Laurrence  Scientific  School  No.  10. — On  certain  Double 
Sulphates  of  the  Cerium  Group  ;  by  Charles  H.  Wing. 

Some  years  since  Dr.  Wolcott  Gibbs  found  that,  if  to  a  solu- 
tion of  crude  ceroso-ceric  sulphate,  containing  also  lanthanum 
and  didymium,  solutions  of  luteocobaltic  or  roseocobaltic  sul- 
phate be  added,  crystalline  precipitates  are  formed,  even  from 
quite  dilute  solutions,  insoluble  in  an  excess  of  sulphuric  acid. 
DiflFerent  preparations  of  these  have  since  been  analyzed  by 
diflFerent  persons  in  this  laboratory  without  obtaining  rational 
formulas  or  accordant  results.  I  therefore,  at  the  suggestion  ol 
Dr.  Gibbs,  undertook  the  investigation  of  these  compounds. 

Swedish  cerite  was  first  heat^  to  redness  then  quenched  in 
water,  after  which,  it  was  readily  pulverized.  The  powdered 
mineral  was  heated  with  sulphuric  acid,  with  tumefaction  and 
solidification  of  the  mass ;  this  was  pulverized,  more  sulphuric 
acid  added,  and  the  mixture  placea  in  a  crucible,  which  was 
then  set  in  a  deep  furnace  and  supported  by  a  fire-brick  in  such 
a  manner  as  to  be  raised  above  me  fire ;  it  was  thus  heated  by 
reverberation,  to  low  redness,  for  four  or  five  hours. 

The  resulting  mass  was  of  a  reddish  tint  and  crumbled  readily 
to  powder ;  this  was  diflFused  gradually  in  cold  water  and  the 
solution  filtered.  The  filtrate  was  precipitated  by  sulphydric 
acid,*  filtered,  oxydized  by  chlorine  and  precipitated  by  oxalic 
acid.  The  resulting  oxalates,  well  washed  and  dried,  served  as 
the  material  for  the  following  work. 

To  prepare  perfectly  pure  cerium  from  these  oxalates  I  used 
the  method  employea  by  C.  Wolf  [This  Journal,  voL  xlvi, 
May,  1868.]  The  oxalates  were  decomposed  by  heat  with  con- 
stant stirring  to  favor  oxydation.  The  resulting  brown  powder 
was  dissolved  in  nitric  acid;  the  solution  concentrated,  and 
precipitated  by  pouring  it  into  a  large  quantity  of  boiling  wat«r 
containing  2  c  c.  of  sulphuric  acid  to  the  uter.  The  super- 
natant liquid  had  no  trace  of  yellow,  but  an  amethystine  tmt, 
and  was  reserved  for  the  preparation  of  lanthanum  and  didy- 
mium. 

The  basic  sulphate  thus  precipitated  was  washed  by  decanta- 
tion  with  hot  water,  until  the  amount  of  soluble  substance  that 
remained  in  the  precipitate  had  been  reduced,  (after  Bunsen)  to 

The  precipitate  was  then  dissolved  in  nitric  acid,  the  solution 
concentrated  and  precipitated  by  pouring  it  into  a  large  quantity 
of  boiling  water.     This  precipitate  was  washed  as  before,  redw- 
*  This  was  the  process  of  Marignao,  modified  b  j  Bunsen  and  others. 
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solved,  again  precipitated,  and  this  process  repeated  till  six 
successive  precipitations  as  a  basic  salt  had  been  effected.  The 
final  precipitate  was  dissolved  in  sulphuric  acid,  reduced  by 
sulphurous  acid,  the  solution  evaporated  and  the  excess  of  acia 
expelled  hj  heating  in,  what  I  shall,  for  brevitj,  term  a  "  radi- 
ator." This  is  a  crucible  of  sheet  iron  in  form  like  the  ordinary- 
porcelain  crucible,  midway  in  which  is  fixed  a  triangle  of  plati- 
num wire  by  which  a  smaller  crucible  may  be  supported  so  as 
to  leave  a  space  of  about  2  c.  m.  intervening  between  the  walls 
of  the  two  crucibles.  The  substance  being  placed  in  the  inner 
crucible  and  the  heat  of  a  Bunsen  gas  lamp  applied  to  the  outer 
one,  a  very  uniform  heat  may  be  maintained,  variable  at  will, 
to  a  temperature  considerably  above  the  boiling  point  of  sul- 
phuric acid. 

The  neutral  cerous  sulphate  thus  obtained  was  dissolved  in 
cold  water,  filtered,  and  crystallized  by  slow  evaporation  on  the 
water  bath. 

A  saturated  solution  of  this  salt  was  placed  in  a  12-inch  sac- 
charometer  tube  before  a  powerful  spectroscope,  and  liffht,  con- 
densed by  a  "  buUs  eye  "  lens  and  transmitted  through  this  tube, 
showed  no  traces  of  didymium. 

The  cerium  also  fix)m  the  mother  liquor  fix)m  the  last  precipi- 
tation as  basic  salt,  subjected  to  the  same  rigid  test  proved  fi'ee 
fix)m  didymium. 

The  first  precipitation  of  basic  sulphate  was  of  a  dirty  buff, 
every  succeeding  one  lighter  in  color,  the  last  three  being  al- 
most white. 

The  cerous  oxalate  fix)m  both  precipitate  and  mother  liquor 
of  the  last  precipitation  was  of  a  snowy  whiteness,  with  no  trace 
of  amethystine  tint  by  reflected  light,  and  gave  on  ignition  a 
white  ceroso-ceric  oxyd. 

The  cerous  sulphate,  the  preparation  of  which  has  just  been 
described,  was,  after  repeated  crystallizations,  subjected  to  analy- 
sis, as  follows.  Portions  of  the  salt  dried  at  100°  C.  were  heated 
in  the  "  radiator"  until  a  weight  was  obtained  which  remained 
constant  at  an  increased  temperatura  The  anhydrous  salt  dis- 
solved in  a  considerable  amount  of  water  was  precipitated,  hot, 
by  a  strong  boiling  solution  of  oxalic  acid,  and  allowed  to  stand 
for  twenty-four  hours. 

For  the  reduction  of  the  weight  of  the  ceroso-ceric  oxyd,  ob- 
tained by  ignition  of  the  oxalate  to  the  corresponding  amount 
of  cerous  oxyd,  the  experiments  of  Jegel*  and  Wolff-  made  in 
Bunsen^s  laboratory,  give  the  following  factors. 

Jegel,      '9504     'DSOT      mean       -95055 

Wolf,      -9507     -9618     -9494     '9509     '9518         mean       -95089 

*  Annalen  d.  Chem.  u.  Pharm.,  ov,  1868.    f  This  Journal,  vol  xlvi,  Maj,  1868. 
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As  the  mode  of  preparation  was  that  employed  by  WolfJ  I 
haye  used  the  fiu^tor  deduced  from  the  mean  of  his  analyses. 

L     1-2886  grms  of  substance  gave  '1707  H.O  and  -6732  £Je.O.= 

•6400  €ee. 
n.  1-4090  grms.  **  *<  **     -1857  H.O  and  •7372€e.e.= 

•7009  €ee. 

These  results  give  the  following  percentages,  to  which  I  have, 
for  the  sake  of  comparison,  appended  those  obtained  by  Wolf 
from  his  purest  cerous  sulphate. 

L         n.  Wolf. 

€ee  67-28     67-31         67*294     67-810 

SO,  42-72     42^69         42*706     42690 

equivalent  corresponding     46^64    46*69        46*66      46*69 

Taking  the  mean  of  these  45-67  as  the  true  equivalent  of  ce- 
rium or  91-34  as  the  atomic  weight  and  the  formula 

8(€e,&e^)+6H,e 
we  have 

L  IL  WolC  CUoulatod. 

€e  42-26         42-86  42-03 

Se^  44-60         44-47  44-17 

H^O  13-24         18*18         18*318     12803         13-80 

From  the  results  obtained  We  can  assume  the  cerium  used  in 
this  investigation  to  be  as  pure  as  any  vet  prepared. 

The  following  method  was  employed  in  the  analysis  of  these 
compounda  The  substance  dried  at  105°  0.  was  heated  in  the 
"  radiator  "  to  decompose  the  ammonio-cobalt  base.  The  resi- 
due was  dissolved  in  a  considerable  amount  of  boiling  water, 
and  precipitated  by  a  hot  solution  of  oxalate  of  ammonia  con- 
taining free  oxalic  acid  Care  must  be  taken  to  add  so  much 
oxalate  i\s  shall  serve  to  keep  the  cobalt  in  solution  as  a  double 
salt  After  standing  for  twelve  hours  or  more,  the  solution  was 
filtered  oflF,  the  precipitate  ignited,  and  weighed  as  ceroso-ceric 
oxyd  of  a  composition  as  before  stated.  The  blowpipe  foiled 
to  detect  cobalt  in  the  ignited  precipitata  The  filtrate  contain- 
ing the  cobalt  was  supersaturated  with  ammonia  and  precipi- 
tated by  sulphydric  acid  at  a  boiling  heat  The  precipitate 
dried,  roasted  in  a  porcelain  crucible,  converted  into  aulphate 
in  the  crucible  by  means  of  aqua-re^a  and  a  few  drops  of  sul- 

Cric  acid,  was  heated  in  the  "  radiator  "  until  sulphuric  acid 
es  ceased  to  be  evolved,  afterwards  over  the  naked  flame,  for 
a  few  moments,  to  low  redness.  The  crucible  was  then  allowed 
to  co^l,  ,a  single  drop  of  aqua-regia  and  one  of  sulphuric  acid 
added,  again  heated  as  before  and  finally  weighed ;  care  was  ta- 
ken to  ffuard  against  absorption  of  moisture,  while  weighing, 
which  the  anhydrous  salt  is  very  prone  to,  and  in  no  case  did 
the  sulphate,  on  subsequent  treatment  with  water  leave  an  in- 
soluble residue. 
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In  order  to  test  the  accuracy  of  weighing  cobalt  as  sulphate, 
a  method  of  determination  employed  and  recommended  by 
Qibbs  and  Genth,*  some  analyses  were  made  of  purpureo-cobaltic 
chlorid,  an  anhydrous  salt  of  perfectly  definite  composition  and 
one  easily  obtained  in  a  state  of  purity.  This  salt,  dried  over 
sulphuric  acid,  was  weighed  in  a  porcelain  crucible,  sulphuric 
acid  added  and  the  cobalt  converted  into  anhydrous  sulphate  by 
heating  as  above* 

L         n.  m  IV.         V. 

Substance  taken  -9006  -4041  1-2840  1-0478  1-0413 
^oSe^  obtained  -6573  -2498  -7625  -6497  "6443 
Percentage -eoSe^    61-90       61-81         61-80         62-01         61-89 

Mean  61*88 

Gibbs  and  Genth  obtained- as  a  mean  of  four  analyses  of  this 
salt  61-90  per  cent  of  ^JoSG^. 

Taking  the  atomic  weight  of  cobalt  as  59'  which  number  is 
indicated  by  these  analyses,  we  have  as  the  percentage  of  cobalt 
found — 


L 

n. 

ra. 

VI 

V. 

Mean 

Oftloulated. 

28-56 

23-63 

28-58 

23-60 

28-56 

23-556 

28*56 

From  the  above  it  appears  that  this  method  for  determination 
of  cobalt  is  dl  that  could  be  desired. 

In  determining  the  sulphuric  acid  in  the  substance  a  portion 
was  digested,  on  the  water  bath,  with  a  little  strong  hydrochloric 
acid  for  a  short  time,  then  dissolved  in  water  and  precipitated 
by -acetate  of  baryta,  with  addition  of  chlorid  of  ammonium,  at 
a  boiling  heat,  and  allowed  to  stand  for  twelve  hours  or  more 
before  filtering. 

The  total  amount  of  hydrogen  was  determined  by  combus- 
tion of  the  substance  mixed  with  chromate  of  lead,  placing  in 
the  anterior  portion  of  the  tube,  first  oxyd  of  copper,  then  me- 
tallic copper  fireed  fi-om  hydrogen. 

The  following  preliminary  experiments  were  made.  To  an 
acid  solution  of  crude  ceroso-ceric  sulphate  was  added  a  solu- 
tion of  luteo-cobaltic  sulphate  in  excess.  To  the  solution  fil- 
tered firom  the  resulting  precipitate,  permanganate  solution  was 
added  when  a  further  precipitation  of  cenum  ensued.  This 
seemed  to  indicate  the  compound  formed  to  be  a  eerie  salt 

The  filtrate  from  this  last  precipitate  showed  powerfiil  didy- 
mium  bands.  (I  think  as  many  as  thirteen  bands  were  made 
out,  certainly  eleven)  and  was  proved  free  from  cerium  by 
Gibbs'  testjt  with  peroxyd  of  leai 

*  "  Researehes  om  the  ammonla-cwbalt  baaes.''    Smifhaonian  Oontribatioiis  to 
Enowladge,  1856. 
f  This  Journal,  vol  xxxyL 
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The  precipitates,  being  found  to  contain  didyminm,  were  con- 
verted into  sulphate,  oxydized  by  boiling  with  peroxyd  of  lead 
and  again  precipitated  by  luteo-cobaltic  sulphate.  This  last  pre- 
cipitate was  also  found  to  contain  traces  of  didymiunL 

Weighed  quantities  of  crude  ceroso-ceric  oxyd  were   con- 
verted into  sulphate,  luteo-cobaltic  sulphate  and  potassic  pennan- 
tanate  added,  and  the  yellow  precipitates  collected  on  weighed 
Iters  and,  after  weighing,  convertea  into  ceroso-ceric  oxyd. 

L     '5638  grms.  substance  gave  2*0396  grms.  of  yellow  salt,  yield- 
ing '4780  grms.  ceroso-ceric  oxyd. 

II.  '6960  grms.  substance  gave  2*3670  grms.  of  yellow  salt,  yield- 
ing '6940  grms.  ceroso-ceric  oxyd. 

The  filtrates  were  free  from  cerium. 

Iq  original  substance.'  In  yellow  salt 

I.  IL  I.  n. 

Per  cent  of  €830^     84*78      86-36  2344       26-09 

It  appears  from  this,  that  the  yellow  salt,  formed  in  this  man- 
ner, cannot  be  relied  upon,  as  possessing  a  uniform  constitution. 

A  quantity  of  pure  ceroso-ceric  sulphate  was  precipitated  by 
adding  a  slightly  acid  solution  of  luteo-cobaltic  sulphate ;  the 
precipitate  was  washed  with  hot  water.  The  washings  were 
slightly  colored  to  the  end,  indicating  partial  decomposition  of 
of  the  salt  The  precipitate  on  drying  adhered  to  the  filter  and 
was  of  a  rather  pale  yellow  color. 

III.  2*1 176  grms  substance  gave  -6640  €636^  and  "4406  €0804 
1-2726       * 


<i 

"  1-4036 

BaSe^ 
Batio. 

SO. 

46*43 

9466 

€e 

2166 

4717 

£Jo 

7-92 

2685 

This  analysis  leads  to  no  rational  formula. 

A  new  preparation  of  this  salt  was  made  from  a  somewhat 
acid  solution  of  pure  ceroso-ceric  sulphate  and  washed  with  hot 
water  containing  acetic  acid.  The  precipitate  was  of  a  deeper 
color  than  the  preceding  and  did  not  adliere  so  strongly  to  the 
filter. 

IV.     1-8616  grms.  substance  gave  -4060  €6304  and -6060  -GoSO^ 

RaUo. 

€Je         17-66         3862 
€0         10-33         3601 

Another  preparation  made  from  nearly  neutral  ceroso-ceric 
sulphate  was  of  much  paler  color,  and  adhered  more  strongly  to 
the  filter,  than  any  previously  made :  this  was  not  analyzed. 

The  above  results  led  to  the  belief  that  the  salt  was  contami- 
nated with  basic  eerie  sulphate. 


Digitized  by  VjOOQ  IC 


(7.  H.  Wing  on  certain  Double  Sulphates.  861 

A  highly  acid  solution  of  pure  ceroso-ceric  sulphate  was  then 
heated  and  precipitated  by  a  hot  saturated  acid  solution  of 
luteo-cobaltic  sulphate.  A  bright  yellow  highly  crystalline 
precipitate  was  formed,  which  was  slightly  washed  with  cold 
water,  and  which  did  not  adhere  to  the  filter  on  drying. 

This  precipitate  when  viewed  under  the  microscope  appeared 
as  cleanly  crystallized  hexagonal  prisms,  of  uniform  size,  and 
without  admixture  of  other  forms.  Three  preparations  were, 
in  this  manner,  made,  which  resembled  one  another  in  color  and 
general  character  and  which  were  separately  analyzed. 

V.       1*0346  grras.  substance  gave  -2160  €e.04  and  -2936  ^oSO^ 

1-0240  "  "  "    l-28'75Ba&e4 

1-7660  "  "  "      -SeYOHjO 

TL     1-0076  "  "  "      -2160  OejO^     "     -2840  CoSe^ 

1-1665  "  "  "   1-4680  BaSe^ 

1-1646  «  "  "      -3600  11,0 

Vn.   1-1330  «  "  "      -2466  eCjO^      "     -8108  OoSe^ 

1-0017  "  "  "    1-2696  Ba  SO. 

1-3368  "  "  "      -4148  H,0 

These  results  lead  to  the  simple  formula 

12  NH3€0g8SO4+€e,  3S04+H,0 

This  compound  is  of  interest  as  being  a  purely  eerie  salt  It 
endures  a  temperature  of  160®  C.  without  decomposition. 

€e 
€o 
NH, 


B,4 


V. 

VL 

VU. 

Calculated. 

61-80 

61-83 

62-22 

6242 

16-90 

17-27 

17-64 

16-63 

10-80 

10-74 

10-44 

10-74 

18-66 

18-66 

18-06 

18-67 

2-47 

2-21 

2-39 

1-64 

100-68       100-61       100-64  100-00 


We  now  pass  to  the  consideration  of  the  corresponding  cerous 
salt,  which  I  found  could  be  prepared  by  heating  a  nearly 
neutral  solution  of  cerous  sulphate  and  adding  a  hot  con- 
centrated solution  of  luteo-cobaltic  sulphate  so  long  as  the 
supernatant  liquid  remained  colorless.  A  yellow  precipitate 
was  formed,  a  little  paler  in  color  than  the  eerie  salt,  but 
showing  to  all  appearances  the  same  crystalline  form.  I  regret 
much  that  I  have,  as  yet,  been  unable  to  obtain  crystals  of  such 
dimensions  as  would  allow  me  to  decide  the  question  of  iso- 
morphism by  actual  measurement  I  can  at  present  only  say, 
that  the  two  substances  cannot  be  distinguished  from  one  another 
under  the  microscopa 

VILL    1-0240  grms.  substance  gave  -8060  ^e-O^  and  •2606€JoSO4 
•8600     "  "  "      -9868  BaSO^ 

•9688     "  "  "      -2660  H,0 
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Calculated. 

41-11 

48-40 

24-10 

23-04 

9-31 

9-91 

1610 

17-14 

2-07 

1-61 

862  0.  K  Wing  on  certain  DoMe  SulphaJka. 

The  formula  indicated  is  12NH3-Goj|89e^+8(€leSe4)+Hj|e. 

€e 
€o 

99-36  100*00 

I  succeeded  also  in  forming  the  analogous  salt  of  lanthanum. 

To  a  concentrated  solution*  of  the  sulphate,  luteo-cobaltic  sul- 
phate was  added,  and  the  solution  heated.  The  precipitate  of  a 
Duflf  yeUow  color  showed  under  the  microscope  crystals  appa- 
rently of  the  hexagonal  system  with  the  edges  so  roundea  as 
almost  to  conceal  the  hexagonal  form. 

IX.     1*0648  grms.  substance  gave  -3086  taO  and  -2496  fJoSO^ 
-7862     "  **  "     -9072  BaSe^ 

;8918     "  *'  "     -2462  H.e 

Assuming  the  atomic  weijght  of  this  lanthanum  to  be  94,  the 
probable  formula  is  12NH3€oa8&e4-f  3(ta&e^)+H,e. 

IX.  Calculated. 

48-08 
23-64 

9-86 
17-03 

1-60 

99-69  100-00 

Unsuccessful  attempts  were  made  to  form  double  phosphates 
and  chromates  of  cerium  and  luteo-cobalt 

Cerium  was  found  to  form  with  roseo-cobaltic  sulphate  com- 
pounds analogous  to  those  formed  with  luteo-cobaltic  sulphate. 
They  are,  however,  easily  decomposed  by  water,  so  much  so, 
that  an  attempt  was  made  to  convert  the  eerie  salt  into  basic 
eerie  sulphate,  by  prolonged  washing  with  hot  water,  with 
partial  succes& 

X  was  formed  by  adding,  to  an  excess  of  hot  strongly  acid 
solution  of  roseo-coDaltic  smphate,  a  solution  of  ceroso-ceric  sul- 
phate ;  this  yielded  a  crystamne  orange-brown  precipitate  which 

*  This  solution  contained  also  didjmium  and  was  obtained  fh>m  the  mother 
water  of  the  first  preoipitation  of  basic  sulphate  before  described,  bj  ** Wattes** 
process  of  boiling  the  ignited  ozyd  with  dilorid  of  ammonium.  This  process 
affords  a  ready  and  satisfactory  means  of  preparing  a  solution  of  lanthanum  and 
didymium  firee  from  cerium,  but  has  faUed  in  my  iMUids  to  remove  all  didymium 
from  the  cerium,  even  after  tiie  oxyds,  prepared  in  various  ways  and  ignited  at  d^ 
fbrent  temperatures,  had  been  boiled  for  hours,  the  solution  of  dilcNrid  of  ammo- 
nium being  fh>m  time  to  time  renewed,  the  residual  ozyd  converted  into  oxalate, 
ignited  and  again  treated  as  before. 


oOj. 

47-68 

ta 

24-76 

€o 

8-92 

NH. 

16-42 

8-01 
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was  slightly  washed  with  cold  water.  The  configuration  of  the 
crystals  could  not  be  well  made  out,  but  was  apparently  one  of 
the  complex  forms  of  the  regular  system. 

XI  was  formed  by  adding  the  roseo-cobalt  solution  to  an  ex- 
cess of  the  cerium  solution.  The  ciystals  formed  were  similar 
to  X  but  larger. 

X.     1*0661  grms.  substance  gave  •2396  gr.-Ge.O.  and  '2908  CJoSO. 

1-8270     "  «  "  1-6026  Sa&O. 

1-2716     «         *«  «     -3910  H,0 

XI  1-9660    ^         ^  •«    -4702  €e,e^  and  -4960  €o&e^ 

1-8938     "  "  "  2-2970  fiaSO^ 

2-0620    **  "  "     -6037  H.e 

These  results  lead  to  the  formula:  lONHjCo,  sSe^+CeaSSO^ 

X.  XL  Oalonlated. 

BB^         49-78  49-97               6066 

€e           18'18  19-36               1608 

€o           10-39  9-60               10-39 

NH,        14*96  18-88               14-96 

H,e         7-00  7-31                  7-91 

100-26       100-07  100-00 

With  cerous  sulphate  a  homogeneous  crystallization  of  the 
precipitate  could  be  obtained  only  by  adding  the  cerium  solu- 
tion to  a  large  excess  of  roseo-cobaltic  sulphate.  The  crys- 
tals under  the  microscope  appeared  in  form  like  those  of  the 
eerie  salt ;  and  tibe  remarics  in  regard  to  the  isomorphism  of  the 
two  luteo  salts  apply  also  to  the  roseo  salt  though  with  less 
force,  insomuch  as  the  appearance  of  the  crystals  is  not  so 
charactei^stic 

The  analyses  show  the  eerie  and  cerous  salts  to  contain  the 
same  num1:>er  of  atoms  of  water  which  is  in  accordance  with  the 
supposition  of  isomorphism. 

Xn.     1-8118  grms.  substance  gave  -4700  CegO^  and  -4713  €loSo4 
1-1236     "  "  **    1-2877  BaSe4 

1-6696     "  **  "     -4880  11^0 

Which  seems  to  indicate  the  formula:  lONH,  €0g  SSO^  + 
3{€e&e4)+6H,e. 

€e 
€0 

0014  100-00 

I  did  not  succeed  in  fonning  an  anal<^ons  salt  of  lanthanum. 
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It  appears  that  the  propjortional  amount  of  cerium,  in  all  the 
compounds  discussed,  varies,  within  certain  limits  according  to 
the  mode  of  preparation :  which  is  well  shown  by  a  companson 
of  the  results  X,  XI,  XII.  This  is  as  we  might  expect  m  com- 
pounds, the  nature  of  which  precludes  the  possibihty  of  purifi- 
cation, either  by  recrystallization  or  by  thorough  washing. 

The  roseo-ceric  salt  appears  to  contain  some  admixture  of  the 
cerous  salt 

The  sulphuric  acid  found  is  no  doubt  a  little  low,  as  the 
filtrate,  after  standing  a  week  or  more,  deposited  a  slight  addi- 
tional precipitate  of  baric  sulphate  to  the  amount  of  "OS  per 
cent* 

The  variations  are,  it  seems  to  me,  not  so  great  as  to  cast 
doubt  upon  the  correctness  of  the  formulas  deuced. 

In  conclusion,  my  best  thanks  are  due  to  my  kind  teacher 
and  fiiend.  Dr.  Wolcott  Gibbs,  to  whom  I  am  indebted  for 
many  and  valuable  suggestions,  and  also  for  the  material  used 
in  tms  investigation. 

Lawrence  Scientific  School,  Cambridge,  Jan.  16, 18*70. 


Abt.  XXXIX. — On  a  new  Aspirator;  by  John  C.  Draper. 

I  SEND  herewith  a  description  of  an  apparatus  that  answers 
admirably  as  an  aspirator  when  it  is  desired  to  submit  a  large 
amount  of  atmospheric  air  to  examination. 

It  consists  of  a 
tin  boiler  (a)  for 
the  generation  of 
steam ;  to  this  a 
bent  tube,  i  inch 
bore  (i)  termina- 
ting in  a  pointed 
extremity,  or  jet, 
is  attached.  The 
tube  (6)  passes  air- 
tight through  a 
cork  (c)  into  a  sec- 
ond tube  (d),  about 
one  inch  in  diame- 
ter also  drawn 
down  to  a  jet  as  at 
{d)  in  the   figure. 

The  two  tubes  form  an  arrangement  somewhat  like  an  ordi- 
nary oxy-hydrogen  blow-pipe.     Through  the  cork  (c)  a  thin 

*  Compare  Marignao,  Ann.  d.  GheuL  u.  Pharm.,  bmii,  212. 
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tube  (c),  i  inch  bore,  passes  and  terminates  in  the  upper  part  of 
the  flask  (g)  after  perforating  the  cork  (/).  In  the  flask,  any 
suitable  test  liquid,  as  lime-water,  is  placed.  A  tube  (A)  ^  incn 
in  diameter,  freely  opened  at  both  ends,  ia  then  passed  through 
the  cork  (/)  to  give  the  air  access  to  the  bottom  of  the  flask 
when  the  apparatus  is  in  operation. 

The  method  of  action  is  as  follows :  heat  being  applied  to  the 
boiler  (a),  a  strong  jet  of  steam  issues  through  (cQ,  when  if  the 
tubes  (6)  and  (d)  are  properly  adjusted,  a  powerml  draught  is 
established  through  {e\  which  draws  air  rapidly  through  (A). 
I  have  in  this  manner  orawn  air  at  the  rate  oi  a  gallon  a  second 
through  a  column  of  lime-water  eight  inches  in  height 

By  attaching  an  ordinary  gas  suction  to  this  apparatus,  the 
air  could  be  measured  and  passed  through  an  extensive  system 
of  flasks  or  tubes  containing  suitable  re-agents  for  the  determi- 
nation of  minute  traces  of  various  ingredients. 

College  of  the  Oity  of  New  York,  Jan.  Uth,  1870. 


Abt.  XL. — On  two  peculiar  products  in  the  Nickel  manufacture; 
by  Joseph  Whabton. 


Seven  years  ago,  when  I  was  about  to  commence  operations 
at  Gap  Nickel  mine  and  fiimace,  I  noticed  among  the  nwments 
left  by  my  predecessors  a  piece  of  nickel  matte  which  con- 
tained occasional  plates  apparently  of  a  metallic  substance,  tough, 
pliable,  and  elastic ;  these  plates  were  about  as  thick  as  fine 
writing  paper,  from  y\  in.  to  |^  in.  wide  and  about  twice  as  long. 
No  chemical  examination  of  them  was  made  except  a  slight 
qualitative  examination  showing  the  presence  of  mckel,  iron, 
and  copper. 

Having  on  several  occasions  subsequently  noticed  some  ten- 
dency to  a  similar  appearance  in  the  matte,  I  gave  directions 
that,  when  it  should  next  be  observed,  a  close  examination 
should  be  made,  after  the  extinction  of  the  fdmace  producing 
the  peculiar  matte,  of  the  solid  mass  which  always  remains  in 
the  bottom  of  the  fumaca* 

This  solid  mass  consists  in  part  of  lumps  of  ore,  flux,  and 
fuel  of  the  first  charge,  which  reached  the  hearth  imperfectly 
melted  or  consumed  and  so  remained,  and  in  part  of  accretions 
from  the  thoroughly  fused  matte  which,  as  the  ftimace  worked, 
formed  a  pool  over  and  enclosing  those  lumps. 

*  It  flhould  be  explained  tiiat  the  Airnaces  in  question  are  small  upright  blast 
ftmiaoes,  in  which  the  ores  of  Oap  Mine  O^ioolliferous  Pjrrtiotite  with  2  per  cent 
m  and  Co),  preyioudy  roasted,  are  smelted  for  the  first  time,  the  product  being  a 
matte  containing  about  12  per  cent  Ni  and  Go^  with  about  4  per  cent  Cu. 
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The  cavities  of  sucli  a  mass  seemed  to  me  &vorable  for  the 
production  of  crystals  when  a  tendency  to  crystallize  existed 

Last  midsummer  very  interesting  groups  of  crystals  were  in 
fiict  found  upon  breakmg  up  one  of  these  masses  to  fit  it  for 
remelting ;  they  were  so  small,  however,  that,  except  for  search 
bein^  made  in  consequence  of  the  matte  of  that  fiimace  having 
exhibited  the  plates  above  named,  the  crystals  would  probably 
not  have  attracted  attrition. 

Some  of  these  crvstals  are  cubical,  with  a  bright  metallie 
luster,  the  groups  closely  resembling  miniature  ^eodes  of  ga^ 
lena ;  others  are  minute  octahedrons,  arranged  in  spiculse,  and 
in  dendritic  or  plumy  forms,  resembling  the  fern-like  aggrega- 
tions of  zinc  crystals  which  I  sometimes  found  in  the  prolong 
of  my  spelter  rumaces  at  Bethlehem,  Pa.  Specimens  of  bota 
cubes  and  octahedrons  are  forwarded  with  this  paper. 

These  crystals  are  very  tough,  and  are  highly  inagnetia  A 
spicula  of  the  octahedrons  can  be  bent  many  times  without 
breaking,  and  one  which  was  floated  upon  water,  after  being 
lifted  a  few  times  by  a  ma^et,  pointed  steadfiistly  to  the  north, 
and  showed  attraction  ana  repulsion  to  the  coles  of  a  magnet 
just  as  a  steel  magnetic  needle  would  under  like  circumstances. 

A  specimen  of  the  octahedral  crystals,  and  a  specimen  of  the 
granular  or  almost  crystalline  sohd  matter  to  wrdch  they  were 
attached,  were  submitted  for  analysis  to  the  chemist  of  my 
establishment  with  the  following  results : — 

Grystala.  Gnoiiilar. 

Cu                1-85         0466  1-74         0-488 

NiandOo  2522          6887  28-20          7^640 

Fe               64-10        86-622  62-50        85861 


8-90        48-926  760        48-939 


100-07      1:4-98  10004      1:6-78 

The  subordinate  column  in  each  case  shows  the  Quantity  of  S 
which  would  be  requisite  to  form,  with  the  metals  found,  the 
compounds  CU|S,  Nia  and  Oo|S,  FeS ;  the  ratio,  below  it,  is  t^t 
of  tne  S  found  to  that  thus  calculated. 

If  we  conceive  the  copper  to  exist  as  OugS,  we  then  have 
89*82  parts  Fe,  Ni,  and  Co  in  combination  witJi  8*48  parts  S: 
taking  then  the  average  atomic  weight  of  the  metals  according 
to  the  proportions  found,  as  66-86,  the  atomic  ratio  of  the 
metals  to  that  of  the  sulphur  is  as  61-4  to  6*27,  corresponding 
verv  closely  to  the  formula  E^ 

Should  the  copper  be  included  in  the  average,  we  get  the 
figures  B  82*00  o  6'66,  indicating,  thou^  lose  aceoratdy,  the 
same  formula. 
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n. 

Desiring  last  year  to  make,  in  a  granulated  form,  an  alloy 
consisting  of  f  nickel,  i  copper,  I  caused  a  mixture  of  the 
oxyds  of  those  metals  in  the  due  proportions  to  be  heated  in 
closed  crucibles  with  charcoal  in  ablast  i^imace;  bythis  means 
reduction  and  fusion  resulted,  and  the  fused  alloy  was  poured 
into  water  at  a  high  white  heat 

Among  the  granulated  metal  were  found  large  numbers  of 
hollow  spheroids  varying  in  size  fix)m  peas  to  large  chestnuts^ 
many  of  them  imperfect  and  torn,  but  many  of  them  tolerably 
regular  in  shape,  one  side  bein^  usually  bright  and  smooth, 
while  the  other  was  roxigh  and  pimpled 

As,  upon  crushing  these  with  a  hammer,  the  anvil  was  moist- 
ened, I  examined  a  considerable  number  of  them  and  found 
that  they  were  nearly  ftiU  of  water,  so  that  the  water  distinctly 
rattled  within  them  when  shaken,  and  showed  itself  in  quantily 
when  the  larger  si)heroids  were  carefully  broken.  Fluid  metal, 
poured  white  hot  into  water,  had  formed  metallic  bulbs  filled 
with  water. 

For  several  days  I  carried  some  of  these  bulbs  in  my  pocket, 
occasionally  ratthng  the  water  in  them,  before  the  manner  of 
their  formation  occurred  to  ma  My  first  idea — ^that  drops  of 
metal  &llin^  upon  the  water  were  flattened  by  the  blow,  and 
that  the  eSge&  then  instantly  clasped  together  and  became 
welded,  enclosing  water  within  their  grasp — was  obviously  un- 
tenable, for  the  eye  could  detect  no  seam  or  crevice,  and  be- 
sides, how  could  water  exist  as  a  liquid  shut  in  by  waUs  of 
this  refiractory  aUoy  at  a  welding  heat?  Apple  dumplings  are 
formed  in  a  mani^er  somewhat  similar  to  that,  but  these  Dulbs 
were  not  so  formed 

The  true  solution  is  doubtless  this :  The  metaT  when  poured 
was  in  a  state  of  ebullition,  was  giving  off  gas ;  not  probably 
metallic  vapor,  but  perhape  carbonic  oxyd. 

The  separate  globules  into  which  the  thin  stream  divided 
upcm  entering  the  water,  were  each  emitting  gas  when  contact 
with  the  water  produced  uoon  then:  sur&ces  an  impervious  ffitm 
of  solid  or  pastv  metal  The  continued  evolution  of  gas  in  the 
£uid  interior  of  such  dobules  could  have  then  no  other  effect 
than  to  distend  the  gloDule  into  a  bulb,  whose  omer  side  might 
well  be  pimpled  by  the  effort  of  tiny  gas  bubbies  in  the  pasty 
ahell  to  escape  upward,  while  nmilar  tiny  bubbles  working  up- 
ward in  the  crust  of  the  xmder  side  would  reach  the  interior 
cavity,  thus  leaving  the  lower  surfiGU^  smooth  and  bright 

Multitudes  of  incipient  globules  were  of  course  torn  and  dis- 
torted by  reason  of  the  internal  gas  finding  a  vent,  and  <3i 
course  any  which  were  rent  must  necessarily  be  filled  by  the 
water  in  which  they  were  plunged.    Those  however  in  which 
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the  eye  foimd  no  aperture  were  doubtless  filled,  after  the  cold- 
ness of  the  external  water  had  so  contracted  the  heat-rarified 
gas  as  to  produce  an  approximate  vacuum  within  the  bulb,  by 
the  slow  imbibing  of  water  through  minute  pores  to  supply  that 
vacuum.  That  such  pores  existed  was  shown  by  the  fact  of 
the  bulbs  all  in  time  losing  their  water  by  exposure  to  a  dessi- 
cating  atmosphera 

Not  all  the  pots  of  metal  produced  when  poured,  sucb 
globules,  for  not  all  were  in  the  nt  state  of  ebullition. 

The  nature  of  the  disengaged  gas  might  perhaps  have  been 
determined,  if  a  sufficient  quantity  had  been  collected  by  break- 
ing the  globules  under  a  receiver,  but  this  was  not  done.  I 
send  specmiens  of  the  globules  with  this  paper. 

Philadelphia,  March,  18*70. 


Abt.  XLL — On  the  action  of  sunlight  on  Sulphurous  Acid;  by 
O.  LoEW,  Assistant  in  the  College  of  the  City  of  New  York. 

(Read  before  the  "Ljoeum  of  Natural  Soienoe/*  New  YoriE.) 

We  know  that  plants  under  the  influence  of  the  sunlight  re- 
duce carbonic  acid  and  water  to  organic  compounds,  and  organ- 
ized parts ;  we  know  further,  that  the  albuminous  principles,  as 
well  as  some  ethereal  vegetable  oils,  contain  sulphur  which 
doubtless  comes  from  the  sulphates  contained  in  the  soil  As 
regards  this  reduction  of  sulphuric  acid,  it  seemed  to  me  of 
interest  to  ascertain  whether  sunlight  possesses  any  reducing 
power  upon  the  oxygen  compounds  of  sulphur  out  of  the 
tissues  of  thejolant  For  this  purpose  I  exposed  diluted  sul- 
phuric acid,  solutions  of  sulphates  and  sulpnites  and  aqueous 
sulphurous  acid  under  various  conditions,  in  sealed  tubes  to 
the  sunlight  during  the  last  summer. 

It  was  only  with  the  sulphurous  acid  that  any  change  was 
noticed.  The  tubes  containing  this  substance  remain^  clear 
during  two  months^  but  after  that  time  a  disturbance  set  in 
which  slowly  increased,  and  sulphur  was  deposited  in  a  finely 
divided  state. 

The  sulphurous  acid  was  thus  gradually  reduced  to  sulphur, 
but  the  oxygen  was  not  liberated,  another  part  of  the  acid  hav- 
ing been  oxydized  by  it  to  sulphuric  acid.  It  seems  very  sin- 
gular that  a  space  of  two  montns  elapsed  before  any  change  was 
observed ;  it  appears  that  the  absorption  of  a  great  amount  of 
Ught  was  necessary  for  the  separation  of  the  first  atom  of  sul- 
phur, which  was  allowed  then  by  more  atoms  in  much  shorter 
intervals  of  time. 

New  York,  December,  1869. 
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Abt.  XLIL — On  the  formation  of  Ozone  by  rapid  combustion; 
by  O.  LoBW,  Assistant  in  the  Chemical  Department  of  the 
dollege  of  the  City  of  New  York. 

(Bead  before  the  "  Lyoenm  of  Nstaral  Soience,**  New  York). 

According  to  the  riew  of  Schdnbein,  every  slow  oxydation 
is  accompanied  by  fonnation  of  ozone,  common  oxygen  not 
being  able  to  combine  directly  with  the  elements.  £i  1858 
Clausius  advanced  the  hypothesis  that  ozone  is  oxygen  in  the 
state  of  free  aJbomSy  while  common  oxjrgen  consists  of  a  molectde 
of  two  combined  atoms.  But  the  later  investigations  of  Andrews 
and  Toit,  Babo  and  Soret  upon  the  volume  of  ozone  have  not 
supported  this  notion,  and  Clausius  has  modified  his  hypothesis 
accordingly,  now  believing  that  ozone  is  a  combination  oetween 
an  atom  and  a  molecule  of  oxygen.  This  combination  is  but  a 
loose  one,  and  the  power  of  oxydation  resides  in  the  third  atom 
of  oxygen,  which  combines  directly  with  other  substances,  leav- 
ing common  oxvgen  behind.  This  constitution  of  ozone  may 
be  represented  by  the  following  formula : 
8([00])=2([00]0) 

The  oxydation  of  a  metal  by  ozone  is  shown  by  the 
equation  ([00]0)+M=Me+([00]). 

When  we  now  take  into  consideration  that  ozone  and  antozone 
together  give  common  oxygen,  we  must  conclude  that  antozone 
is  oxygen  in  the  state  of  free  atoms.  Furthermore  we  see  that 
common  oxygen  can  be  converted  according  to  circumstances 
either  into  ozone  or  antozone.  It  seemed  to  me  that  in  every 
combustion  even  the  most  rapid  and  energetic,  an  intermediate 
decomposition  of  the  molecule  of  common  oxygen  must  take 
place  if  the  single  atoms  will  enter  into  combination  with  the 
elements,  and  that  ozone  or  antozone  would  be  detected  in  a 
flame  if  the  high  temperature  would  not  destroy  it  again  as 
quickly  as  it  is  formed. 

To  prove  this  conclusion,  I  blew  a  strong  current  of  air 
through  a  tube  into  the  flame  of  a  Bunsen's  burner  and  collected 
the  air  in  a  beaker  glass  or  balloon.  I  was  thus  able  in  a  few 
seconds  to  collect  enough  ozone  to  readily  identify  it  by  its 
intense  odor  and  by  the  common  tests. 

This  observation  shows  that  not  only  in  slow  oxydation  but 
also  in  rapid  combustion,  an  intermediate  formation  of  ozone 
takes  place,*  and  that  it  can  be  separated  in  the  proper  way. 

New  York,  December,  1869. 

*  Compare  the  obaervatioii  of  Pinous  in  the  artiole  on  Nitrifioaitton,  this  Jomiial, 
n,  yd.  ii,  p.  238.— Bd& 
Am.  Joob.  Sol— SacoHD  Bbrsm,  Vol.  XUX,  Ko.  147.— Hjlt,  1870. 
34 
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Abt.  XLTTL  —  Chntributums  to  Zoology  from  the  Museum  of 
Tale  College.    No.  7. — Descriptione  of  ifew  OoraU;  by  A.  E. 

YSRBILL. 

Madbeforaria. 

Helerapsammia  geminata,  sp.  nov.     Figure  L 

Coralluin  completely  encrusting  and  enclosing  a  small,  dead^ 
univalve  shell,  which  had  been  occupied 
1-  by  a  worm  (probably  Siptmculus)  by  which 

^^^k  y^  \  a  small  circular  opening  was  maintained. 
^MjA  {  fM^  Ba^e  of  various  irregular  forms,  according 
w|^V  VflMHr  ^  ^^^  ^^'i'^  o^  ^^  sb^U  encrusted.  Cup 
^Br  ^^BF  at  first  simple,  slightly  raised;  it  very 
early  becomes  elongated  and  finally  di- 
vides by  fissiparity,  so  as  to  form  two  equal  and  similar  cor- 
allites,  which  are  sometimes  well  separate  and  divergent,  but 
more  frequently  closely  contiguous.  These  corallites  are  but 
little  elevated,  becoming  smaller  toward  the  cup,  which  is 
circular,  oval,  or  more  or  less  irregular,  and  not  very  deep. 
Septa  in  five  cycles,  the  last  cycle  more  or  less  imperfect  or 
wanting  in  some  of  the  svstems.  The  primary  and  secondary 
septa  are  narrow,  much  thickened  and  sponcy  outwardly,  a  lit- 
tle projecting;  the  septa  of  the  fourth  cycle  are  narrow  and 
thin,  outwardly  joining  those  of  the  first  and  second,  op})osite 
the  inner  edges  of  the  latter  joined  together  in  pairs,  the  inner 
and  basal  portion  becoming  broader  before  joming  the  colu- 
mella, whicn  is  moderately  developed  and  fine  spongy.  The 
coral  has  an  open  vermicular  and  quite  porous  texture,  more 
compact  beneatn.  In  all  the  specimens  there  are  several  small 
holes,  like  pin-holes,  near  the  base  of  the  corallites,  often  form- 
ing a  nearly  complete  circle  around  the  base,  which  are,  perhaps, 
made  by  parasites. 

The  base  of  the  larj^t  specimen  is  "65  long ;  '50  broad ;  "45 
high ;  corallites  12  high ;  '86  broad ;  depth  of  cell  '12  of  an 
inch.     Burmah, — ^W.  fl.  DalL 

Of  this  species  there  are  eighteen  specimens  of  various  sizes. 
It  is  remarkable  as  the  second  living  species  of  this  curious 
genus,  and  still  more  so  as  furnishing  another  instance  of  fissi- 
parity  in  the  fiEunily  of  JEkpsammt^By — a  feature  not  hitherto 
recognized  as  normal  in  anv  genus  except  Lobajpsammta  of  the 
Eocene.  Doubtless  the  other  species  divide  in  the  same  way, 
for  K  Mtchelinii'E.  and  H.  is  described  as  having  the  cup  shapea 
like  the  figure  8,  which  is  the  form  in  this  species  just  before 
dividing,  ff.  Mtchelmii  appears  to  differ  not  only  m  dividing 
less  fredy,  but  in  its  smaller  cup  and  a  different  arrangement  of 
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the  septa,  those  of  the  three  first  cycles  bemg  described  as  about 
equal,  while  in  H.  geminata  those  of  the  third  cycle  are  very 
smdL  The  columeUa  in  the  latter  appears  to  be  much  less  de- 
veloped* 

Desmophyllum  simplex^  sp.  nov.    Figure  2. 

Corallum  elongated,  slender,  turbinate  above,  rapidly  enlarg- 
ing to  the  edge  of  the  cup ;  lower  half  of  column  o 
smooth  and  round,  upper  part,  toward  the  cup, 
somewhat  angular  with  twelve  thin,  sharp,  crest- 
like costae,  which  become  much  elevated  near  the 
summit ;  sxirface  finely  mranulous.  Cup  distinctly 
angular,  usuaUv  somewnat  hexagonal,  deep,  very 
open,  with  a  tnin  wall  Septa  m  three  cycles ; 
those  of  the  third  cycle  very  small,  thin,  very 
narrow,  and  but  little  elevated ;  those  of  the  first  and  second 
broadly  rounded  at  sununit  and  a  little  excurved,  perpendicu- 
lar within,  thin,  the  sxirfaces  finely  granulated,  the  primaries 
considerably  the  largest  Six  coraflites  grow  up  togetner  in  an 
irregular  cluster,  several  of  these  uniting  together  at  base.  The 
largest  is  '80  of  an  inch  high ;  *12  in  diameter  at  middle ;  the 
cup  -38 ;  primary  septa  '14  broad ;  height  above  edge  of  cup 
•10  of  an  mcL 

St  Thomas,  West  Indies,— Mrs.  R  H.  Bishop. 

Hetebozoanthxjs,  gen,  nov. 

Polyps  creeping  on  the  surface  of  sponges,  etc.,  by  thin,  basal, 
stolon-uke  expansions  of  the  base,  from  which  the  polyps  arise 
in  linear  series.  The  polyps  are  short,  capable  of  contracting 
nearly  to  a  level  with  the  oasal  membrana  Tentacles  few,  12 
to  24.  Integument  stiffened  by  foreign  bodies  imbedded  in  the 
skin,  such  as  sponge-spicula,  eta 

Besides  the  following,  this  genus  appears  to  include  several 
other  known  species:  H.  SvnfUi  {Oemmaria  Swiftii D.  and  M.) 
is  parasitic  upon  a  sponge  in  the  West  Indies;  H.  Aodnellce 
(Schmidt  sp.)  on  two  species  of  AxinellOy  Adriatic  Sea. 

Heterozoanlhus  scandens,  sp.  nov. 

Polyps  small  and  low,  connected  by  a  narrow  basal  mem- 
brane, which  is  a  little  wider  than  their  bases  and  creeps  over 
and  is  partially  imbedded  in  the  sur&ce  of  a  branching  sponge, 
rising  to  the  tips  of  all  the  branches,  some  of  which  are  eight 
inches  long,  and  forming  irregular  reticulations  over  the  surface, 
though  at  times  ascending  for  two  inches  or  more  with  a  linear 
series  of  polyps;  rarely  with  double  seriea    The  polyps  are  near 

*  ff.  eupaammida  (Gray  sp.)  from  China,  may  be  nearer  this  if  distinot  from 
ttM  former,  to  whidi  Edwards  and  Haime  refer  it. 
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together,  seldom  more  than  their  own  diameter  apart,  and  often 
in  contact ;  in  contraction  they  rise  but  little  above  the  basal 
membrane  in  the  form  of  low,  flattened  warts,  with  a  depression 
at  summit  from  which  radiate  12  to  15  sulcations.  Internal 
lamellae  12.     Integument  firm,  filled  throughout  with  smaU, 

f listening,  white  spicula,  probably  derived  from  the  spong& 
>iameter  of  contracted  polyps  "08  to  10 ;  height  "02  or  "OS ; 
breadth  of  basal  membrane  aoout  10  of  an  inch. 
Sherbro  Island,  West  Africa, — Prof  A.  Hurd. 

Alcyonabia. 

Telesto  Africarw^  sp.  nov.     Figure  8. 

Corallum  forming  a  cluster  of  long,  rather  slender,  branched, 
tubular  stalks  connected  bv  a  creeping  base.  The  stalks  are 
2  to  4  inches  long,  with  eight  longitudinal  ridces  or  low  costae. 
The  polyps  are  arranged  irregularly  along  the  sides  of  the 
brancnes  and  main  stalks,  mostly  at  distances  of  10  to  "25  of 
an  inch  apart,  sometimes  opposite,  and  in  contraction  are  prom- 
inent, tubular,  and  placed  obliquely,  sulcated  with  eight  grooves. 
Color  when  dried  yellowish  white.  Diameter  of  stalks  "OS  to 
•08 ;  of  polyp-tubes  "05 ;  length  of  polyp-tubes  10  to  12  of  an 
inch  when  contracted. 
The  walls  of  the  stalks  and  branches  consist  of  rather  slender 
^^^  rudely,  irregularly,   but  sparingly 

^'    ^^  branched  and  spinulose  spicula  of 

various  forms  (ng.  8,  a),  which  are 
closely  interlaced,  as  in  the  other 
species  of  the  genus.  Other  forms 
of  long,  very  slender,  more  distantly 
spinulose,  often  bent  spicula  are  also 
aoundant  (fig.  3,  b). 

The  stouter  spinulose  spicula 
measure  •252'°«  by  -OSe"*",  192  by 
•060,  192  by  -048 ;  the  long  slender 
spicula  -528  by  024,  492  by  -036, 
•466  by  -066,  -432  by  -036,  -420  by 
•036,  -408  by  -048,  •366  by  -048. 
'  Sherbro  L,  on  the  base  of  Muricea 
granulosa^ — Prof  A.  Hurd. 

This  species  is  closely  allied  to  7! 
fniticulosa   Dana,   of  the  Carolina 
coasts,  and,  like  that  species,  is  en- 
crusted by  a  parasitic  sponge.     But  it  is  a  more  slender  species 
and  the  spicula  are  longer  and  more  attenuated. 

7!  Riisei  V.,  of  St  Thomas  {Ctavularia  Riisei  D.  and  M.),  is 
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also  nearly  allied.     T.  trichostemma  V.  (Dana  sp.)  and  T,  auran- 
tiaca  Lamx.  have  stouter  and  more  warty  spicula. 

Muricea  granulosdj  sp.  nov.     Figure  4. 

CoraUum  rather  slender,  somewhat  fan-shaped,  branching 
in  a  plane;  branches  and  branchlets  irregularly  sub-pinnate; 
branchlets  slender,  "5  to  1*5  inches  long.  Verruc»  small, 
crowded,  prominent,  somewhat  nariform,  opening  upward,  the 
lower  lip  rounded,  not  prolonged.  Coenenchyma  eraniilous 
with  small,  stout  spicula.  Color,  when  dried,  dull  yeUowish  or 
grayish  brown.  Height  6  inches ;  breadth  4 ;  diameter  of  trunk 
•15;  of  branchlets  "OB  to  '08;  of  verrucae  "OS;  height  of  verrucee 
•02  of  an  inch. 

The  spicula  (fig.  4)  are  yellowish  white  and  quite  small  for 
the  genus ;  the  larger  ones  are  elongated,  often  curved,  coarsely 
and  roughly  warted,   stout  spindles,  jojl 

tapering  to  acute  ends ;  short,  stout,  ^^ 

roughly  warted,  irregularly  oblong 
spicula  with  obtuse  ends;  and  various 
snort,  stout,  rough,  club-shaped  forms, 
which  are  often  as  broad  as  long,  with 
large  rough  warts  or  spinules  on  the 
larger  eni  With  these  are  various 
other  forms  of  irregular  spicula,  with 
many  smaller,  rather  slender,  more 
regular,  distantly  and  more  evenly 
warted  spindles. 

The  larger  rough  spindles  measure  -648°*°*  by  156°*",  -504  by 
•108 ;  the  oblong  spicula  '408  by  -144,  •896  by  -168,  -812  by  "108, 
•264  by  108,  -264  by  -156,  -216  by  -096;  the  larger  clubs  -896 
by  -156,  -336  by  -144,  -288  by  -182,  -276  by  -120,  -264  by  -084, 
•192  by  -108,  -180  by  "072 ;  the  largest  of  the  slender  spindles 
•492  by  -096,  ^444  by -072,  ^836  by  -072. 

Sherbro  Island, — -rrof  A.  Hurd. 

This  species  is  remarkable  for  the  small  size  and  roughness  of 
the  spicula  and  the  form  of  the  verrucse.  Its  branches  are  also 
more  slender  than  in  most  species. 

Muricea  vatricoaa  Kdlliker  {Ghrgania  vatricosa  VaL)  from  the 
Bizagos  Archipelago  is  the  onlj^  African  species  recorded  pre- 
viously. Of  that  we  have  received  authentic  spicula  through 
Dr.  Kolliker,  from  the  original  specimen.  The  spicula  of  M. 
vcUricosa  are  much  coarser  and  the  corresponding  forms  are 
about  twice  as  large ;  some  of  the  larger  spindles  measure  -840™™ 
by  •180°^,  ^780  by  -240,  ^744  by  -204;  oblong  spicula  ^696  by 
•240,  ^456  by  -192 ;  clubs  ^660  by  -156,  ^456  by  '180 ;  the  slender 
spindles  -720  by  •108.  The  lower  lip  is  also  said  to  be  pro- 
longed in  the  form  of  a  small  horn. 
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Leptogorgia  rcbusta  sp.  nov. 

Corallum  consists  of  several  stout  prmcipal  branches  arising 
from  near  the  broadly  expanded  base;  tnese  main  branches 
fork  at  irregular  distances,  and  the  secondary  branches  are  irreg- 
ularly pinnate,  with  branchlets  mostly  alternate  on  opposite 
sides,  and  -5  to  1*5  inches  apart  The  branchlets  are  curved  at 
base,  then  ascend  at  an  angle  of  about  45** ;  they  are  rarely  coa- 
lescent,  stout,  rigid,  obtuse,  1  to  8  inches  long,  a  little  com- 
pressed, with  a  broad  band  of  polyp-cells  on  each  side,  with 
narrow,  depressed,  sterile  median  bands,  often  with  a  distinct 
groova  The  polyp-cells  are  numerous,  close,  rather  large, 
oblong  or  oval,  usually  at  the  summit  of  large,  low,  rounded 
vemicae,  sometimes  scarcely  raised ;  they  form  about  4  to  6 
irregular  alternating  vertical  rows  on  each  side  of  the  branch- 
lets,  and  8  to  12  on  the  main  branches,  and  are  usually  separa- 
ted by  distances  about  equal  to  their  own  diameter.  Coenen- 
chyma  moderately  thick,  finely  granulous.  Axis  stout,  round 
or  a  little  compressed,  nearly  smooth  and  brownish  black  in 
the  larger  branches,  the  axils  flattened ;  in  the  branchlets  firm 
and  rigid,  tapering,  dark  reddish  brown,  slightly  translucent ; 
base  thick,  spreading,  yellowish  wood-brown. 

Color  of  coenenchjrma  dull  dark  yellow,  tinged  with  purplish 
brown  on  the  verrucfie.  Height  12  inches ;  breadth  5 ;  diame- 
ter of  main  branches  -22  to  -25 ;  of  axis  12  to  15 ;  diameter  of 
terminal  branchlets  13  to  16 ;  of  their  axis  at  base  "(M  to  "05 ; 
diameter  of  verrucsB  -04  to  -05 ;  height  -01  to  -03 ;  diameter  of 
cells  -02  to  -08  of  an  inch. 

The  spicula  are  small,  bright  yellow,  intermingled  with  a  few 
more  slender  ones  that  are  bnght  purple;  the  latter  mostly 
come  from  the  verrucae.  Most  of  the  yellow  spicula  are  acute 
double-spindles,  regularly  tapering  to  each  end,  with  three  or  four 
well  separated  whorls  of  warts  on  each  half;  some  shorter  and 
stouter  forms  occur,  with  more  crowded  warts  and  obtuse  ends. 
The  purple  spicula  are  mostly  slender,  acute,  sparingly  warted 
spinoles  and  double-spindles.  Small,  rounded,  closely  warted 
oouble-heads  occur  sparingly. 

The  laiger  yellow  double-spindles  measure  "216°""  by  •072'"", 
-204  by  -060,  180  by  -072,  168  by  -060,  168  by  066,  156  by 
•048 ;  the  purple  spicula  -216  by  -086,  -204  by  -018,  192  by 
•080,  180  by  ^024,  156  by  ^030,  144  by  -036. 

Sherbro  Island, — ^Prof  A.  Hurd.  Two  specimens  attached  to 
the  shell  of  an  oyster,  with  L.  sanguinolenta  V. 

This  species  somewhat  resembles  in  mode  of  growth  and  gen- 
eral appearance  L.  rigida  V.  from  the  Gulf  of  California,  etc., 
but  has  even  stouter  branchea  The  spicula  and  verrucae  are 
very  different  The  color  of  L.  rigida  is  almost  always  uniform 
dark  purple. 


Digitized  by  VjOOQ  IC 


A.  R  Verria  on  New  Oorah.  876 

Leptogorgia  dtchoiomoj  sp.  nov. 

Corallxim  tall,  slender,  sparingly  dichotomously  branched. 
The  trunk  divides  at  about  three  inches  fix)m  the  base  into  two 
main  branches ;  these  fork  at  about  1  and  at  2*5  inches,  and  part 
of  the  secondary  branches  divide  again  at  about  three  inches 
jBx)m  their  origin,  but  others  remain  undivided  for  6  or  8  inches. 
The  branches  and  branchlets  are  long,  rather  slender,  slightly 
tapering,  obtuse,  flexuous,  spreading  at  base,  compressed  or 
somewSat  quadrangular,  with  a  narrow  sterile  band  on  each 
side,  and  broad  lateral  bands  of  crowded  polyp-cells.  The  cells 
are  rather  large,  oval,  mostly  raised  on  low,  rounded,  rather 
large,  often  crowded  verrucae,  sometimes  flat  Ccenenchyma 
moderately  thick.  Axis  roimd,  dark  brown  in  the  larger 
branches,  light  yellowish  and  setaceous  in  the  terminal  branch- 
lets.  Color  bright  lemon-yellow,  the  cells  mostly  surrounded 
by  purplisL 

Heignt  15  inches ;  breadth  4 ;  diameter  of  main  branches  '15 ; 
their  axis  •09 ;  diameter  of  branchlets  'll  to  18 ;  their  axis  at 
base  -05,  in  middle  -02  to  "08 ;  diameter  of  verruc»  "08  to  "(M ; 
height  -01  to  -02. 

The  spicula  are  yellow,  with  some  more  slender  purple  ones, 
as  in  the  preceding  species,  but  the  average  size  is  nearly  twice 
as  great  The  most  common  forms  are  long,  very  acute,  aouble- 
spindles,  with  four  or  five  loose  whorls  of  rough  warts  on  each 
end ;  others  are  shorter  and  stouter,  with  more  crowded  whorls 
of  warts.  Some  of  the  purple  spicula  are  regular  double-spin- 
dles, like  those  first  described,  but  others,  fix)m  the  polyps,  are 
slender  spinulose  spindles ;  some  of  the  double-spindles  are  half 
purple  and  half  yellow. 

The  larger  double-spindles  measure  -264™™  by  •060,  ^252  by 
•072,  -252  by  -060,  -240  by  -066,  -228  by  -084,  -228  by  •OBO,  -228 
by  -054,  -216  by  -072,  -216  by  -060,  -204  by  -072,  -204  by  -060, 
•192  by  -078 ;  the  purple  polyp-spindles  -228  by  -024,  -186  by 
•080,  -180  by  -018,  '168  by  -030,  -156  by  -080,  -144  by  -015. 

Sherbro  faland, — ^Prof  A.  Hurd. 

The  new  species  herein  described  fix)m  the  west  coast  of 
Africa  are  of  peculiar  interest,  both  as  furnishing  additional 
evidence  of  the  richness  of  that  little  explored  region  in  Gorgo- 
nacea,  and  as  showing  peculiar  relations  to  the  faunse  of  tne 
West  Indies  and  Pacific  coasts  of  America.  They  were  col- 
lected by  Mr.  D.  W.  Burton,  missionary,  for  the  museum  of 
Knox  College,  and  sent  to  me  for  examination  by  Professor 
Hurd. 
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Abt.  XLTV. — OontribiUions  to  Chemistry  from  Ae  Laboratory  of 
the  Laiurence  Scientific  School  No.  11 ;  by  Wolcott  Gibbs, 
M.D.,  Bumford  Professor  in  Harvard  University. 

I.   On  a  simple  method  of  avoiding  observations  of  tempercUure 
and  pressure  in  gas  analyses.* 

In  absolute  determinations  of  nitrc^en  and  other  gases,  accu- 
rate observations  of  temperature  and  pressure  are,  in  the  ordi- 
nary methods  of  analysis,  necessary,  and  when  made  require 
subsequent  calculations  which,  when  the  analyses  are  numer- 
ous, become  rather  tedious.  By  the  following  simple  method 
these  observations  may  be  altogether  dispensed  with,  and  the 
true  weight  or  the  reduced  volume  of  the  observed  gas  obtained 
at  once  by  a  single  arithmetical  operation.  The  volume  of  any 
gas  at  the  temperature  0°  C.  and  pressure  760  may  be  deduced 
firom  its  volume  at  the  temperature  t  and  pressure  p  by  the  famil- 
iar expression : 

V  -V  ^  h-h'-h" 

"^^    *l+0-00367r        760  ^^ 

in  which  h  is  the  observed  height  of  the  barometer  (reduced  to 
0®  C),  h'  the  tension  of  the  vapor  of  water  at  f  when  the  gas  is 
moist  and  A''  the  height  of  the  column  of  mercury  in  the  col- 
lecting tube  above  the  level  of  the  mercury  in  the  cistern.  For 
any  other  gas  under  precisely  the  same  circumstances  of  temper- 
ature and  pressure  we  have  the  equation: 

^  o-—  ^  1    i-|.o-0036n'  760  ^  ' 

Whence  dividing  the  first  equation  by  the  second  we  have : 

V      V 

or  as  a  proportion  Vj :  V%  : :  V^^ :  Y\  (4) 

from  which  it  appears  that  the  reduced  volume  (vol  at  0®  and 
760°*°)  of  the  second  gas  may  be  found  without  observations  of 
temperature  and  pressure,  provided  th  it  the  unreduced  volume 
be  observed  under  the  same  circumstances  of  temperature  and 
pressure  as  the  volume  of  the  first  gas,  the  reduced  volume  of 
which  has  been  previouslv  determined.  Let  the  first  or  stand- 
ard gas  be  air ;  then  if  the  weight  of  one  cubic  centimeter  of 
dry  air  at  0°  and  760°°  be  w  the  whole  weight  will  be  wY^ 
In  like  manner  we  shall  have  for  the  weight  of  the  gas  to  be 
measured  w^'^  and  since  the  weights  do  not  change  with  the 
temperature  and  pressure,  we  have  finally : 

wVjrw?,  V'::  wVo  :w^Y\. 
If  now  we  suppose  that  the  gas  in  the  first  tube,  or  standard 
*  Bead  before  the  National  Academy  of  Sdencea,  Sept,  1869. 


Digitized  by  VjOOQ  IC 


Method  af  avoiding  observations  of  temperature.  877 

gas  is,  for  example,  nitrogen,  the  volume  remaining  the  same, 
and  that  the  gas  to  be  measured  is  also  nitrogen,  we  have 

or  simply  V^:Y' ::  w^Y^:w^Y\.  (6) 

The  application  of  this  formula  in  practice  is  as  follows :  A 
graduated  tube  holding  about  150  cubic  centimeters  is  filled 
with  mercury  and  inverted  into  a  mercury  trough.  Two  thirds 
or  three  fourths  of  the  mercury  are  then  displaced  by  air,  care 
being  taken  to  allow  the  walls  of  the  tube  to  be  slightly  moist, 
so  as  to  saturate  the  air.  This  tube  may  be  called  the  compan- 
ion tube ;  the  volume  of  air  which  it  contains  must  be  carerally 
determined  in  the  usual  manner  by  five  or  six  separate  observa- 
tions, taking  into  account,  of  course,  all  the  circumstances  of 
temperature  and  pressure.  The  mean  of  the  reduced  volumes 
is  then  to  be  found,  and  forms  the  constant  quantity  V©.  The 
gas  to  be  measured  is  transferred  from  the  receiver  in  which  it 
IS  collected,  into  a  (moist)  eudiometer  tube,  which  is  then  sus- 
pended by  the  side  of  tne  companion  tube,  and  in  the  same 
trough  or  cistern.  Both  tubes  Deing  supported  by  cords  pass- 
ing over  pullies,  it  is  easy  to  bring  the  level  of  the  mercury  in 
the  two  tubes  to  an  exact  coincidenca  The  pressure  on  the  gas 
is  then  the  same  in  each  tube.  The  temperature  is  also  the 
same  as  the  tubes  hang  side  by  side  in  the  room  set  apart  for 
gas  analyses,  and  are  equally  affected  by  any  thermometric 
change.  It  is  then  only  necessary  to  read  off  the  volumes  of  the 
gas  in  the  two  tubes  to  have  all  the  data  necessary  for  calculating 
tne  weight  of  the  gas  to  be  measured.  This  calculation  may  be 
effected  in  two  ways,  each  of  which  will  be  found  of  use.  Thus 
proportion  (4)  reads  in  words :  as  the  observed  volume  of  the 
air  m  the  companion  tube  is  to  the  observed  volume  of  the  gas 
in  the  measunng  tube,  so  is  the  reduced  volume  of  the  air  in  the 
first — ^previously  determined  as  above — to  the  reduced  volume 
of  the  gas  to  be  measured.  This  method  of  course  applies  to 
the  reduction  of  any  gaseous  mixture  whatever  to  the  normal 
pressure  and  temperature.  In  absolute  nitrogen  determina- 
tions, however,  proportion  (5)  gives  the  weight  of  the  nitrogen 
measured  at  once,  smce  the  term  WiYq  is  found  by  multiplying 
the  weight  of  1  ac  of  nitrogen  at  0°  and  760°*™  by  the  reduced 
volume  of  air  in  the  companion  tube,  and  is  a  constant  which 
can  be  used  as  long  as  the  companion  tube  lasts.  In  practice,  a 
companion  tube  filled  with  mercury  will  last  with  a  little  care 
for  a  very  long  time.  Even  when  fiUed  with  water  I  have 
found  that  excellent  results  may  be  obtained,  and  that  the  tube 
win  last  for  some  weeks.  WiUiamson  and  Russell,  in  their 
processes  for  gas  analysis,  have  employed  a  companion  tube  for 
bringing  a  gas  to  be  measured  to  a  constant  pressure,  but  the 
apphcation  made  above  is,  I  believe,  whoUy  new. 
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2.   On  the  application  of  SprengePa  mercurial  pump  in  analysis. 

The  first  application  of  SprengeVs  pump 
in  analysis  is  unquestionably  due  to  Frank- 
land,  who,  in  a  paper  on  the  analysis  of 
potable  waters,  describes  an  advantageous 
form  of  the  apparatus,  together  with  a 
method  of  determining  with  it  small  quan- 
tities of  nitrogen.   Frankland's  paper  came 


/^    -^    7//////////////////////// 


into  my  hands  after  I  had  myself  made  a 
similar  application  of  the  pump,  and  had 
executed  several  organic  analyses  by  its 
aid.  As  the  instrument  has  now  been 
nearlv  two  years  in  use  in  my  Laboratory, 
I  will  here  give  the  results  of  my  experi- 
ence. The  pump  I  use  differs  in  several  par- 
ticulars fix>m  that  of  Frankland.  Repeat- 
ed jfractures  of  the  glass  soon  showea  the 
necessity  of  making  the  tube  as  flexible  as 
possible.  I  therefore  introduced  into  the 
vertical  or  descent  tube,  three  joints,  and 
substituted  a  T  tube  of  iron  for  the  glass 
T,  which  I  at  first  employed.  The  hori- 
zontal branch  of  the  pump  is  connected 
directly  with  the  combustion  tube  by 
means  of  a  good  stopper  of  vulcanized 
rubber  previouslv  wet  and  forced  into 
the  tube  as  tightly  as  possible.  The  an- 
nexed wood  cut  will  give  a  correct  idea 
of  the  whole  apparatus,  and  for  any  one 
familiar  with  tne  principle  of  the  pump, 
will  need  no  explanation.  The  joints  a 
and  h  are  made  of  good  vulcanized  rub- 
ber tightly  wound  with  iron  wira  Round 
each  of  these  is  placed  a  larger  tube  of 
vulcanized  rubber  tied  above  and  below 
and  filled  with  mercury.  The  ends  of  the 
iron  T  tube  A  are  protected  in  a  similar 
manner,  the  glass  tube  being  cemented 
into  the  iron.  The  lower  joint  c  is  more 
simple,  and  has  no  exterior  tube.     It  con- 
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sists  of  thick  vulcanized  rubber  covered  on  the  outside  with  a 
vamish,  suggested  to  me  by  Prof  Crafts,  and  consisting  of  a 
mixture  ofpitch,  gutta  percha  and  wax  melted  together.  A 
strong  steel  screw  clamp  k  serves  to  regulate  the  flow  of  the 
mercury  in  the  pump  tube,  the  diameter  of  which  is  about  1^ 
millimeters.  The  mercury  reservoir  M  consists  simply  of  a 
large  green  glass  bottle,  with  the  bottom  cut  off,  inverted  and 
provided  with  a  good  stopper  of  vulcanized  rubber,  through 
which  the  upper  part  of  the  pump  tube  passea 

The  use  of  this  apparatus  m  absolute  determinations  of  nitro- 
gen is  as  foUows :  The  substance  to  be  analyzed  is  mixed  in  a 
rather  short  combustion  tube  with  chromate  of  lead  and  a  small 
proportion,  five  or  six  grams,  of  chromate  of  suboxyd  of  mer- 
CTirv.  The  anterior  portion  of  the  tube  is  then  nearlv  filled 
with  freshly  reduced,  finely  divided  metallic  copper,  in  front  of 
which  a  few  grams  of  carbonate  of  manganese  is  placed.  The  con- 
nection with  the  pump  being  made,  the  apparatus  is  first  tested 
by  running  the  pump  for  a  few  minutes  and  allowing  the  whole 
to  stand  for  a  short  time,  to  see  if  the  level  of  the  mercury  in 
the  pump  tube  remains  unchanged.  The  combustion  tube  is 
then  to  be  completely  pumped  out — an  operation  which  requires 
from  five  to  ten  minutes  only — after  which  the  carbonate  of 
manganese  is  to  be  cautiously  neated  until  a  sufficient  quantity 
of  carbonic  acid  is  evolved  to  completely  fill  the  apparatus  and 
restore  the  equilibrium  of  pressure  within  and  without  The 
combustion  is  then  conducted  in  the  usual  manner,  care  being 
taken  to  keep  the  column  of  metallic  copper  at  a  ftill  red  heat, 
and  to  proceed  slowly.  When  the  combustion  is  finished,  the 
pump  is  again  set  in  operation  until  a  perfect  vacuum  is  ob- 
tain^ The  receiver  wnich  I  employ  for  collecting  the  gas,  is 
that  of  Simpson.  It  is  first  filled  with  mercury ;  afterwards 
about  fifty  cubic  centimeters  of  a  solution  of  caustic  potash,  of 
density  1*2,  are  introduced  to  absorb  the  carbonic  acid.  The 
nitrogen  is  then  to  be  transferred  to  a  eudiometer  tube  and 
measured.  The  following  analyses  will  serve  to  show  the  degree 
of  accuracy  attainable  by  this  process : 

0*1380  gr.  crystallized  asparagin  gave  21*98  e.c.  nitrogen  (moist)  at 

13**75  and  VSO'O^^zs  18*69  per  cent.    The  formula  requires  18*66 

per  cent. 
0*2910  gr.  Bodic  stryphnate  gave  126*86  c.c.  nitroffen  at  18°  C.  and 

559°'°=36*28  per  cent,  nitrogen.    The  formula  Na(€4H2H5ea) 

4-H2O  requires  36*26  per  cent. 
0*8593  gr.  potassic  oxalurate  gave  115  c.c.  nitrogen  at  6*  25  C.  and 

762*7°»°»  =:16*50  per  cent.     The  formula  K^jHaNaO^  requires 

16*47  per  cent. 
0*6730  gr.  allantoin  gave  189  c,c.  nitrogen  at  —  1°C.  and  761*6'""» 

=35*40  per  cent.     The  formula  €4H0N4O,  requires  35*40  per 

cent. 
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In  working  with  Sprengel's  pump  in  the  manner  indicated, 
many  observations  of  practical  value  have  been  obtained.  In 
the  nrst  place  it  has  been  clearly  shown  that  the  products  of 
combustion  executed  in  vacuo  frequently  diflFer  in  a  remarkable 
manner  from  those  conducted  under  ordinary  atmospheric  pres- 
sure. Thus  ammonic  nitrate  at  common  pressures  is  decom- 
posed by  heat  with  simple  resolution  into  nitrous  oxyd  and 
water,  feut  in  the  nearly  perfect  vacuum  produced  by  the  mer- 
curial pump,  the  reaction  is  entirely  different,  very  large  quan- 
tities of  red  nitrous  or  hyponitric  vapors  being  evolved.  In 
like  manner  Mr.  Sharpies  has  observed  that  cupric  oxalate, 
which  is  usually  decomposed  by  heat  into  carbonic  acid  and 
metallic  copper,  in  vacuo  always  yields  more  or  less  carbonic 
oxyd.  Gunpowder  bums  slowly  and  without  explosion  in 
vacuo — ^an  observation  which,  however,  is  by  no  means  new — 
but  gun  cotton  explodes  as  violently  as  in  air. 

In  my  first  experiments,  in  which  I  attempted  to  collect  nitro- 
gen by  conducting  the  analysis  without  previously  filling  the 
apparatus  with  caroonic  acid,  I  almost  invariably  K)und  that  a 
considerable  quantity  of  oxyd  of  nitrogen— chiefly  NO  —  was 
mixed  with  the  nitrogen  collected.  In  addition  it  was  extremely 
difficult  to  bring  the  analysis  to  a  successful  termination,  be- 
cause the  pressure  of  the  atmosphere  often  compressed  the  ante- 
rior portion  of  the  combustion  tube  into  a  solid  mass.  I  at  first 
used  cupric  oxalate  to  furnish  the  required  carbonic  acid,  but 
this  was  soon  rejected  for  the  reason  given  above,  and  I  feU  back 
upon  magnesite  or  manganous  carbonate.  When  the  first  suc- 
cessful experiments  in  determining  nitrogen  had  been  made,  I 
was  sanguine  of  being  able  to  determine  both  nitrogen  and  car- 
bonic acid  in  an  organic  body  by  a  single  analysis  in  which 
the  gases  should  be  collected  and  measiired  together,  the  car- 
bonic acid  being  afterwards  absorbed  by  potash.  In  this,  how- 
ever, I  failed  entirely  on  account  of  "the  compression  of  the 
combustion  tube  alluded  to  above,  when  the  combustion  is 
made  in  vacuo.  I  also  attempted  to  absorb  the  carbonic  acid 
by  means  of  a  tube  filled  with  soda  lime,  as  recommended  by 
Mulder,  but  without  success,  the  absorption  being  always  in- 
coinplete. 

Mr.  Sharpies  has  been  more  successful  in  determining  nitro- 
gen and  hydrogen  by  a  single  analysis.  By  placing  a  weighed 
chlorid  oi  calcium  tube  in  fi-ont  of  the  combustion  tube,  he 
has  found  it  possible  to  determine  the  water  formed  in  the  com- 
bustion directly  by  weight,  and  at  the  same  time  to  collect  the 
nitrogen  with  all  requisite  accuracy.  In  this  manner  1'3285  gr. 
of  asparagin  gave  0'8028  gr.  water=6-71  per  cent  hydrogen  and 
222-75  cc.  nitrogen  at  15^-5  C.  and  734«^=18-66  per  cent.    The 
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formula  requires  18*66  per  cent  nitrogen  and   6*66  per  cent 
hydrogen. 

It  can  hardly  be  doubted  that  ftirther  improvements  in  the 
process  will  render  it  possible  to  determine  in  a  single  analysis, 
carbon,  hydrogen  and  nitrogen  with  greater  facility  and  accu- 
racy than  nitrogen  alone  can  be  determined  by  the  older  methoda 
In  conclusion  I  may  state  that  the  Sprengel  pump  may  be  ap- 
plied with  great  advantage  to  the  determination  or  the  amount 
of  gas  given  off  fix)m  various  substances  by  the  simple  applica- 
tion of  heat 


Abt.  XLV.  —  On  a  peculiar  form  of  the  discharge  between  &ie 
Poles  of  the  Electrical  Machine;  by  Arthub  W.  Wbight, 
Prof  of  Physics  and  Chemistry  in  Williams  College. 

When  the  Holtz  electrical  machine  is  working  at  a  high  ten- 
sion, but  without  the  condenser,  if  the  distance  between  the 
poles  be  gradually  increased,  the  discharge  successively  varies 
nrom  the  ordinary  spark  of  an  inch  or  two  in  length  to  a  dif- 
fuse, much  branched,  and  feebly  luminous  spark,  which  under 
high  tension  may  attain  a  length  of  several  inches,  though  it 
gives  but  a  slight  detonation.  If  the  interpolar  space  be  still 
further  widened,  either  the  discharge  becomes  finally  silent,  or, 
more  commonly,  one  or  more  small  jets  or  brushes  issue  from 
the  negative  pole,  with  a  hissing  or  fizzing  sound,  if  the  discharge 
is  very  energetic.  When  this  is  the  case  the  positive  pole  is 
covert  with  a  diffuse  glow,  resembling  that  of  a  phosphores- 
cent substance,  or  rather,  so  thin  is  the  luminous  stratum,  the 
pole  appears  as  if  it  were  illuminated  by  a  light  shining  from 
the  direction  of  the  opposite  pole.  The  polar  interval,  under 
which  the  glow  appears  to  best  advantage,  varies  somewhat 
with  the  condition  of  the  atmosphere,  but,  with  the  machine 
used  in  these  experiments  (a  Holtz  machine  with  20-inch  re- 
volving disk),  extends  from  three  or  four  to  seven  or  eight 
inches,  depending  also  to  a  certain  degree  upon  the  tension  of 
the  machine. 

K  now  the  finger  or  some  other  object  be  interposed  between 
the  poles,  the  glow  is  interrupted,  and  a  silhouette  of  the  object 
is  formed  upon  the  brass  ball,  which  strongly  resembles  the 
shadow  cast  oy  the  body  when  placed  in  a  beam  of  luminous 
rays,  moving  as  the  body  moves,  expanding  and  contracting  as 
the  distance  varies,  and  the  like.  So  striking  is  the  resemblance 
of  this  appearance,  which  may  be  called  an  ehctrical  shadom^  to 
a  real  shadow,  that  I  had  many  times  noticed  it  casually,  when 
using  the  machine  in  a  dimly  lighted  room,  without  suspecting 
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tliat  it  was  not  actually  a  sliadow  due  to  liglit  reflected  from 
objects  in  the  room  uj)on  the  ball,  and  it  was  only  when  the  ex- 

Seriments  were  made  in  a  room  completely  darkened  that  its 
ifferent  character  became  clearly  apparent 
The  experiment  succeeds  best  when  the  air  is  not  too  humid, 
and  a  single  jet  issues  quietly  from  the  negative.  With  a  litde 
care  and  5ter  a  few  trials  the  shadows  can  he  obtained  with  great 
distinctness  and  remarkable  regularity.  It  is  better  in  general 
to  use  for  the  interposed  body  some  non-conductinc  substanc^ 
or  an  imperfect  conductor,  like  paper,  or  wood,  as  when  metallic 
objects  are  used  they  become  electrified  by  induction,  and  dis- 
turb the  regularity  of  the  phenomena,  or,  when  the  tension  is 
veiy  high,  cause  the  passage  of  diffuse  sparks  and  brushes.  With 
proper  care,  however,  good  results  can  be  got  with  metals, 
though  usually  for  much  smaller  polar  interval  than  with  poor 
conductors. 

In  order  to  ascertain  with  how  great  accuracy  of  detail  the 
figures  are  formed,  a  piece  of  wire  gauze  was  used,  the  meshes 
of  which  were  about  2'5°*™-,  and  the  wires  forming  them  about 
1™"-  in  diameter.  The  poles  being  separated  about  four  and  a 
half  or  five  inches,  the  shadows  were  formed  with  striking  dis- 
tinctness, even  where  the  gauze  was  two  inches  distant  from  the 
positive  pole,  growing  smaller  and  smaller  as  it  receded.  Eveiy 
peculiarity  of  the  texture  was  faithfully  represented,  the  irr^u- 
larities  of  the  wires,  breaks  in  the  gauze,  and  the  like,  being  ac- 
curately reproduced,  and  moving  with  the  gauze,  iust  as  in  the 
case  of  true  optical  shadows.  W  ith  a  piece  of  stul  finer  wire- 
doth,  the  meshes  of  which  were  about  1*8"*°*-,  similar  results 
were  obtained,  the  distances,  however,  being  smaller  than  in  the 
previous  case.  When  the  gauze  was  an  inch  or  an  inch  and  a 
naif  from  the  positive,  the  meshes  in  the  shadow  were  seen  with 
some  difficulty  on  account  of  the  feeble  illumination,  but  still 
appeared  quite  well  formed  and  r^ular.  Their  size  could  not 
readily  be  ascertained  by  measurement,  but  they  were  estimated 
at  from  one-third  to  one-half  a  millimeter  in  diameter.  * 

More  interesting  and  varied  results  were  obtained  with  a  gra- 
ting made  of  common  writing  paper  by  cutting  out  square  ap- 
ertures about  8"*"-  in  diameter,  and  the  same  distance  apart^ 
The  piece  used  contained  twenty-five  such  apertures,  arranged 
in  the  form  of  a  square  with  five  on  a  side.  Shadows  of  great 
sharpness  and  accuracy  were  obtained  with  ease  even  when  the 
poles  were  seven  or  ei^ht  inches  apart  As  the  paper  was 
moved  toward  the  positive  side  they  grew  smaller,  and  again 
enlarged  as  it  approached  the  native,  becoming,  however, 
somewhat  indistmct  when  nearer  the  latter.  When  the  n^a- 
tive  jet  and  the  center  of  the  grating  were  in  the  line  joining  tke 
two  poles,  the  images  were  formed  synmietrically  about  the  ver- 
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tex  of  the  positive  pola  The  comer  apertures  in  this  case  be- 
ing more  distant  from  the  axis,  had  their  images  somewhat  dis- 
torted, so  that  the  sides  of  the  square  were  represented  bylines 
curved  in  such  a  way  as  to  make  the  angles  at  the  comers  acute, 
just  as  it  would  happen  if  the  square  should  be  stretched  in  the 
direction  of  its  diagonals. 

Very  frequently,  in  fiujt  usually,  the  jet  does  not  issue  fix)m 
the  vertex  of  the  negative,  but  is  displaced  to  the  one  side  or 
the  other.  In  such  cases  the  ^low  is  also  displaced  in  a  similar 
manner,  that  is,  so  that  its  axis  is  inclined  at  an  equal  ancle  to 
the  line  between  the  poles  with  that  of  the  n^ative  jet  if  the 
grating  is  placed  before  the  latter,  and  perpendicular  to  it,  the 
shadows  are  still  formed  as  before,  though  not  in  general  quite 
as  perfectly.  Thus  if  placed 
at  a,  as  in  the  cut,  the  image 
appears  at  b.  On  moving  it 
away  from  the  pole  to  a  posi-  ^ 

tion  represented  by  a'  theim-       /""^^rriTf....- --.'^:::vy^ 

age  still  appears  at  i,  but  is .  -  J^Sv^^™!:^^^        

l^^r,  ana  so  on  at  a'\  or       ^^^-li;;*-^^^^---^ 

until  it  is  brought  within  an  \V/" '^\y''  / 

inch  or  two  of  the  n^ativa  X/""' '  \/ 

In  this  wav  the  lines  traversed 
by  the  electricity,  or  along 
which  it  acts,  may  be  readily 
traced,  and  they  are  found  to  have  a  conformation  similar  in 
some  respects  to  that  of  the  voltaic  arc,  but  far  more  regular 
and  symmetrical  In  their  general  character  they  are  represented 
by  the  dotted  lines  in  the  cut  Issuing  normally  fix>m  some 
point  of  one  of  the  poles,  a  line  passes  in  a  curve  to  the  homol- 
ogous point  on  the  otiier  pole,  where  also  it  meets  the  surface 
normally.  When  the  jet  is  not  fiu:  fix)m  perpendicular  to  the 
line  of  tne  poles,  the  curve  may  have  an  amphtude  of  nearly  or 
quite  half  tne  distance  between  the  latter,  even  when  these  are 
eight  inches,  or  more,  apart 

An  interesting  case  occurs  when  the  negative  discharge  takes 
the  form  of  a  ring.  The  glow  likewise  assumes  the  form  of  a 
narrow  and  sharply  defined  ring,  whose  size  and  position  of 
course  depend  upon  those  of  the  other  ring.  The  approach  of 
any  intercepting  or  disturbiM  body  either  breaks  or  bends  the 
luminous  Ime,  and  this  affords,  perhaps,  the  best  means  of  de- 
termining ti^e  form  of  the  curves  between  the  poles,  as  the  lim- 
its where  the  disturbance  begins  are  pretty  definitely  marked, 
and  their  position  can  be  reamly  determined  by  measurements. 
An  easy  way  to  secure  a  steady  and  well-denned  ring,  is  to 
place  upon  tne  native  pole,  first  removing  the  ball,  a  common 
Dottle  cork  an  inch  or  two  in  diameter,  well  shaped  and  care- 
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fully  smoothed,  with  the  larger  face  towards  the  positive  pole, 
and  perpendicular  to  the  polar  axi&  On  putting  the  machine 
in  action,  the  electricity  issues  from  the  sharp  edge  of  the  cork 
in  the  form  of  a  regular  and  steady  fringe-like  rmg,  the  radial 
elements  of  which  stand  at  a  nearly  constant  angle  with  the 
axis.  A  beautifully  distinct  ring  is  thus  formed  upon  the  op- 
posite pole. 

Comparing  the  forms  of  the  curves  indicated  by  the  above 
experiments  with  the  ordinanr  sparks  and  brushes,  or  even  with 
the  voltaic  arc,  a  striking  diflterence  in  respect  to  symmetay  and 
constancy  is  observed ;  and  the  distinctness  and  beauty  of  some 
of  the  phenomena  are  very  remarkable,  especially  when  it  is 
considered  how  lawless  and  irregular  the  ordinary  spark  and 
brush  discharges  are  as  to  form.  The  glow,  like  the  brush,  is 
obviously  caused  by  the  discharge  of  electricity  at  the  positive 
pole,  and  apparently  a  discharge  m>m  one  pole  to  the  other  takes 
place,  silently  and  without  luminous  effect,  through  or  by 
means  of  the  intervening  air.  But  that  the  lines  along  whicn 
it  takes  place  should  be  so  constant  and  r^ular  is  somewhat 
surprising.  It  is  to  be  observed  that  the  perfection  of  the  re- 
sults depends  to  a  considerable  degree  upon  the  condition  of 
the  air,  as  when  this  is  too  moist,  the  discharge  is  not  suffi- 
ciently energetic,  or  the  resistance  is  not  sufficiently  great,  to 
bring  out  the  glow,  or  to  form  the  images  with  distinctness. 

Williamstown,  Mass.,  AprO  6,  1870.  * 


Abt.  XLVI. — Movement  of  the  Dome  of  the  Capitol  at  Wash- 
ington, during  the  gale  oj  December  10-12,  1869.  From  a  let- 
ter to  the  editors. 

Wb  all  know,  by  having  seen  the  thing  itself  or  representa- 
tions of  it,  the  form  of  the  dome  of  the  capitol  at  Washington. 
It  is  of  cast  and  wrought  iron  throughout  Its  architectural 
beauty  is  only  equaled  by  the  truly  wonderftd  combinations  of 
its  multitudinous  part&  Had  it  been  erected  at  any  other  time 
than  during  the  late  war,  when  men's  views  were  absorbed  in 
watching  the  vicissitudes  of  the  contest,  it  would  have  attracted 
the  eager  attention  of  hundreds  of  scientific  observers,  who 
would  have  noticed,  with  the  deepest  interest,  the  ingenuity  and 
skill  with  which  all  the  exigencies  of  the  structure  were  provi- 
ded for,  until  a  rail  road,  bmlt,  as  it  were,  in  the  skies,  was  used 
to  place  the  statue  on  the  summit 

The  exterior  diameter  of  the  dome,  where  the  iron  work  rests, 
as  it  were,  on  the  roof  of  the  building,  is  somewhere  about  one 
hundred  and  thirty-seven  feet ;  and  the  height,  fix)m  the  roof  to 
the  feet  of  the  statue  about  two  hundred — ^Uie  statue  is  between 
nineteen  and  twenty  feet  high. 
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The  distinguished  architect,  Mr.  Thomas  M.  Walter,  sup- 
posed naturafly  enough,  that  this  enormous  amount  of  iron 
would  be  more  or  less  aflected  by  the  action  of  the  sun's  rays — 
causing  an  expansion,  to  meet  which  he  had  been  malang, 
througnout  his  protracted  labors,  all  possible  provision.  To 
ascertain  what  this  eifect  would  be,  he  suspended  a  wire  fix>m  the 
center  of  the  ceiling  of  the  Tholus,  or  crowning  cupola,  under  the 
feet  of  the  statua  At  the  extremity  of  this  wire  nearest  the 
ground,  or  pavement  of  the  rotundit,  he  arranged  a  delicate 
mechanism,  that  carried  a  pencil,  whose  point  rested  on  a  sheet 
of  paper,  on  which  it  was  expected  that  expansion  and  contrac- 
tion would  record  their  effects.  It  was  Mr.  Walter's  expectation, 
probably,  that,  as  the  sun  moved  from  the  east  to  the  west,  some- 
thing of  a  uniform  curve  would  be  traced  by  the  pencU's  point 
upon  the  paper,  furnishing,  in  that  way,  data  that  might  be  as 
useful  as  they  woidd  be  original 


It  happened,  however,  that  the  wind,  and  not  the  sun  made 
use  of  Mr. .  Walter's  preparations,  and  recorded  its  vagaries, 
through  the  agencjr  of  the  vast  mass  of  the  dome.  One  would 
have  thought,  loolang  to  the  breadth  of  the  base,  and  the  form 
of  the  architecture  aoove  it,  that  the  dome  woiild  remain  un- 
movable  against  any  action  of  the  wind.  This  was  not  so,  how- 
ever ;  and  the  diagram  above  shows  what  a  gusty  day  was  capa- 
ble of  eflEecting,  in  giving  motion  to  the  mass.  Banning  at 
A,  and  following  the  lines,  it  can  be  seen  when  the  wind  blew 
fitfully  but  moderately,  and  then,  when  a  blast  of  unusual  vio- 
lence occurred ;  and  when,  too,  the  direction  was  changed,  as 
the  wind  veered  round  the  points  of  the  compasa  That  chim- 
neys and  shot  towers  wave  in  the  wind  is  well  known ;  but  the 
movements  that  take  place  in  rough  weather  in  the  dome  of  the 
capitol  could  hardly  have  been  reasonably  expected. 

The  diagram  above  is  a  tracing  carefully  made  from  the  work 
done  by  the  pencil  on  the  occasion  now  referred  to.  l. 

Aic  JoiTB.  Soi.— Sboovd  SniBs,  VoL^ZUX,  Na  147.— Mat,  ISTOl 
35 
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I.   PHYSICS  AKD  CHEMISTRY. 

1.  On  the  heat  of  combination  of  boron  with  chiorine  and  ooey- 
gen, — ^Tboost  and  Hautefbutlle  have  communicated  to  the  Acad- 
emy of  Sciences  a  memoir  on  the  heat  of  combustion  of  boron,  a 
subject  which  we  believe  has  not  hitherto  received  attention  but 
which  the  rapidly  increasing  importance  of  thermo-chemistry 
invests  with  great  mterest.  Ihe  authors  employed  in  their  inves- 
tigations the  muffle  calorimeter  of  Favre.  Dry  chlorine  was 
allowed  to  act  upon  amorphous  boron  placed  in  the  muffle,  the 
chlorid  of  boron  formed  being  condensed  in  the  water  of  the  calo- 
rimeter. The  heat  measured  was  thus  the  sum  of  the  heat  of  com- 
bustion proper  and  of  the  heat  evolved  in  the  combination  or  double 
decomposition  of  the  chlorid  with  water.  The  heat  due  to  the  last 
mentioned  reaction  was  then  determined  by  a  special  experiment. 
In  this  manner  the  authors  obtained  as  a  mean  of  6  experiments 
104000  units  of  heat  developed  in  the  combination  of  one  atom 
of  boron  with  three  atoms  of  chlorine,  and  79200  units  of  heat 
disengaged  by  the  reaction  of  one  atom  of  boric  chlorid,  BCI3, 
with  140  times  its  weight  of  water.  From  the  heat  developed  in 
the  last  case  the  authors  deduced  the  heat  of  combination  of  boron 
and  oxygen  by  subtracting  first  the  heat  due  to  the  formation  of 
three  equivalents  of  chlorhydric  acid  as  determined  by  Favre,  and 
secondly  the  heat  produced  by  dissolving  an  ei^uivalent  quantity 
of  boric  acid  in  an  equal  weight  of  chlorhydric  acid  of  the  same 
degree  of  dilution,  as  determined  by  direct  experiment  In  this 
manner  the  heat  of  combustion  of  boron  in  oxygen  was  found  to 
be  168600  units  for  one  equivalent  (old  style)  of  borou.  The 
boron  employed  was  in  the  amorphous  modification ;  the  authors 
promise  similar  determinations  for  the  other  forms  of  this  element. 
— Comptes  HendiUy  Ixx,  186.  w.  g. 

2.  On  the  heat  0/ combination  0/ silicon  with  chlorine  and  oxy- 
gen.— ^The  same  authors  in  a  second  communication  have  given  a 
determination  of  the  heat  of  combustion  of  silicon  with  chlorine 
and  oxygen.  To  effect  the  union  of  chlorine  with  amorphous  sili- 
con it  was  found  necessary  to  mix  the  silicon  with  ^  of  its  weight 
of  boron,  the  heat  of  combination  of  which  was  of  course  sub- 
tracted. The  mode  of  experimenting  and  the  corrections  were 
the  same  as  in  the  case  of  boron  described  above.  It  was  found 
that  one  equivalent  of  chlorid  of  silicon  acting  upon  140  times  its 
weight  of  water  disengages  40825  units  of  heat  and  that  one 
gram  of  silicon  in  burning  in  chlorine  evolves  5630  units,  which 
amounts  to  78820  units  for  one  equivalent  (Si=14),  or  to  118280 
units  for  one  equivalent  (Si=21).  By  a  process  exactly  analogous 
to  that  employed  in  the  case  of  boron  tne  authors  found  for  the 
heat  of  combination  of  silicon  and  oxygen  7830  units  per  gram^ 
which  amounts  Jio  109620  units  per  equivalent  (Si=14)  or  164430 
units  for  Si=21.  In  addition  the  heat  of  transformation  of  amor- 
phous into  crystalline  silicon  was  determined  by  dissolving  the 
different  varieties  of  silicon  in  nitro-fluohydric  acid  and  thus  obtain- 
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ing  the  difference  in  the  quantities  of  heat  disengaged  by  their 
oxydation.  In  this  manner  it  was  found  that  amorphous  silicon 
in  becoming  crystalline  evolves  290  units  of  heat  per  gram,  or  4060 
per  equivident  (Si=14). —  Comptes  RendiuSy  Ixx,  262.  w.  g. 

8.  On  some  remarkable  spectra  of  compounds  ofidrconium  and 
the  oxyds  ofuraninm, — Mr.  Sobby  has  found  that  the  remarkable 
absorption  bands  exhibited  by  certain  specimens  of  zircon  and 
which  he  had  attributed  to  the  presence  of  a  new  metal — Jargo- 
nium — are  in  reality  due  to  uranium,  which,  under  certain  circum- 
stances, eives  bands  of  a  very  remarkable  character  wholly  unlike 
those  yielded  by  the  ordinary  salts  of  the  metal  Thus  the  salts 
of  uranium  usually  exhibit  a  variable  but  small  number  of  mode- 
rately broad  absorption  bands  at  the  UtMe  end  of  the  spectrum, 
while  the  zircons  exhibit  numerous  narrow  black  lines,  fourteen 
of  which  are  quite  distinct,  together  with  other  fainter  lines  and  a 
broad  black  band  extending  n*om  the  red  end,  so  that  nearly  all 
occur  in  that  part  of  the  spectrum  which  is  entirely  free  from  bands 
in  the  other  uranic  compounds.  Mr.  Sorby  has  detected  in  some 
zircons  erbium,  didymium,  yttrium  and  another  substance  which 
exists  in  such  small  quantity  that  the  author  has  not  been  able  to 
decide  whether  it  is  a  new  earth  or  not  In  fact  the  spectral  anal- 
ysis in  this  case  fails  to  give  any  decisive  evidence,  since  some 
other  known  oxyd  may  give  with  zirconia  a  spectrum  as  abnormal 
as  that  produced  by  the  presence  of  a  trace  of  uranium.  There  is 
therefore  at  present  no  evidence  that  zircons  contain  any  new 
metallic  oxyd. —  ChemiccU  Nevos^  Feb,  18,  1870.  w.  g. 

4.  On  the  dissociation  of  ammoniacal  compounds, — In  investi- 
gating the  dissociation  of  ammoniacal  compounds  Isahbbrt  has 
TOund  that  the  tension  of  the  anmionia  evolved  is  constant  at  a 
given  temperature  and  increases  progressively  with  it  The  author 
obtains  the  anhydrous  ammonia-su^hates  of  zinc,  cadmium,  &c., 
by  passing  a  current  of  ammonia  for  several  hours  over  the  salt, 
which  swells  up,  becomes  hot  and  falls  to  powder.  The  anmionia- 
sulphates  of  zinc  and  cadmium  thus  formed  correspond  respectively 
to  the  formulas  ZnSO^-f  lONHj,  and  €JdSO^+6NH,.  In  like 
manner  calcic  and  strontic  chlonds  unite  with  ammonia  to  form 
CJaCl,  +  8NH3  and  SrCl^  +  6NH, ;  hot  boric  chlorid  does  not  unite 
with  ammonia.  By  heating  the  compound  formed  in  vacuo,  the 
tension  of  the  ammonia  may  be  measured.  Cadmic  sulphate  gave 
the  following  results,  care  being  taken  after  each  experiment  to 
expel  the  gas  which  fills  the  apparatus : 

Temperatiire&  Ten8ioii& 

48°-6  868™ 

61*-6  489'°"» 

100*  (mean  of  6)  1366-8'"" 

TTie  salt  remaining  in  the  tube  consisted  of  -GdSO^-f  2NH3  *^d 
gave  off  no  more  ammonia  at  100°.  The  author  infers  that  the 
cadmic  salt  should  be  regarded  as  ('edS0.2NH 3)4X113  and  finally 
that  the  pulverulent  compounds  formed  always  absorb  a  little  am- 
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monia  mechanically,  so  that  the  tensions  do  not  become  constant 
until  only  the  combined  gas  remains.  The  general  results  of  this 
inyestigation  agree  with  those  which  the  author  had  previously 
obtained  with  the  ammonia-chlorids.  Lamy  has  based  the  constnio- 
tion  of  a  new  thermometer  upon  the  tension  of  the  ammonia 
evolyed  in  heating  the  ammonia-chlorids  and  especially  that  of  cal- 
cium. Between  0^  and  46^  the  tension  increases  from  120  to  1431 
millimeters^  and  will  therefore  give  an  extremely  delicate  measure 
of  increments  of  temperatura — Comptes  Hendtts^  Ixx,  p.  456  and 
p.  393.  w.  G. 

6.  On  a  new  method  for  the  synthesis  of  organic  acids, — Ber- 
THBLOT  has  found  that  the  hydrocarbons  of  the  acetylene  series 
are  capable  in  the  presence  of  alkalies  of  uniting  directly  with 
water,  oxygen  and  the  alkaline  base  to  form  acetic  acid  and  its 
homologues.    Thus  in  the  case  of  acetic  acid  we  have, 

Acetylene  may  be  converted  with  acetic  acid  more  completely  by 
means  of  pure  chromic  acid,  the  action  of  which,  according  to  Ber- 
thelot,  is  different  firom  that  of  a  mixture  of  potassic  bichromate 
and  sulphuric  acid,  and  much  more  moderate.  Thus  chromic  acid 
converts  ethylene  into  aldehyd,  propylene  into  acetone  and  cam- 
phene  into  camphor,  which  reactions  are  not  effected  by  sulphuric 
acid  and  the  bichromate  which  act  too  powerfully.  Pure  chromic 
add  acts  on  the  carburets  at  ordinary  temperatures  and  its  action 
may  be  increased  by  heat  or  moderated  by  dilution.  AUylene 
under  the  same  circumstances  of  oxydation  yields  propionic  acid. 
Propylene,  C^sHg,  yields  propionic  acid,  acetic  acid  and  acetone, 
the  propionic  acid  being  probably  derived  from  propionic  aldehyd, 
isomeric  with  acetone.  Uhromic  acid  even  attacks  carbon  in  the 
cold.  By  operating  with  pure  carbon  Berthelot  succeeded  in 
obtaining  a  small  quantity  of  oxalic  acid. 

The  oxydation  of  allvlene  by  means  of  chromic  acid  appears  first 
to  yield  an  aldehyd  -GjH^O,  which  then  by  taking  up  the  elements 
of  water  bepomes  propionic  acid.  The  author  sums  up  his  results 
as  follows : 

1.  A  first  oxydation  gives  oxygen  by  simple  addition,  with  for- 
mation of  an  aldehyd  or  acetone : 

thus  CaH^+Oss^aH^e  (aldehyd) 

€J,H04"^="GsHgO  (acetone  and  propionic  acid. 

2.  A  further  action — ^always  on  the  fi*ee  hydrocarbon — generates 
monobasic  acids ; 

8.  Finally,  as  already  shown,  the  same  hydrocarbons  by  the 
action  of  the  alkaline  hypermanganates  yield  bibasic  acids : 
€aH^+2e=€|^H^e^ 
€3H^+2ea=€3H,e^. 
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Thus  the  direct  and  regular  ozydation  of  the  hydrocarbons  yield 
successively  aldehyds,  monobasic  acids  and  bibasic  acids.— Comjo^M 
JRendus,  Ixx,  266.  w  G. 

6.  On  the  Ethyl  compounds  of  ThdUimn, — Hansen  has  suc- 
ceeded in  replacing  two  atoms  of  chlorine  in  thallic  terchlorid  by 
ethyl  and  obtaining  the  chlorid  of  thallium-diethyl  with  correspond- 
ing oxyffen  salts.  When  thallous  chlorid,  TlCl,  Ls  suspended  in 
ether  and  a  current  of  dry  chlorine  gas  is.  passed  in,  a  yellow  fum- 
ing liquid  is  obtained  which  becomes  brown  in  the  air.  Zinc-ethyl 
acts  powerfully  on  this  liquid  with  strong  evolution  of  heat — and 
when  an  ethereal  solution  of  zinc-ethyl  is  mixed  with  one  of  thallic 
terchlorid  and  the  product  of  the  reaction  shaken  with  dilute 
chlorhydric  acid  a  white  curdy  crystalline  mass  is  obtained  after 
the  distillation  of  the  ether  which  after  purification  is  the  chlorid 
of  thallium  diethyl,  T\{C2^t)i^^'  '^^®  ^^^  chlorid  is  soluble  in 
hot  water,  ether  and  alcohol  aud  crystallizes  in  silky  scales.  It 
blackens  in  the  light  like  argentic  chlorid — a  property  which  it  also 
according  to  the  author — shares  with  thallous  chlorid.  When 
suddenly  heated  it  explodes  with  formation  of  thallous  chlorid  and 
a  gas,  which  is  a  mixture  of  ethylene  and  ethyl-hydrid  so  that  we 
have  Tl(C2H5)2Cl— TlCl-fCaH^+CaHj. 

By  double  decomposition  with  argentic  sulphate  and  nitrate  the 
author  obtained  the  sulphate,  rTl(02H5)2]2S^4»  aiid  the  nitrate 
T1(C2H,)2N03  which  crystallize  in  leaves  and  are  soluble  in 
water,  alcohol  and  ether.  The  author  promises  a  further  investi- 
gation of  this  very  interesting  and  theoretically  important  subject. 
— BericJite  der  Deutschen  ch^mischen  GeseUschafty  No.  1, 1 870,  p.  9. 

w.  G. 

7.  Spectrum  Analysis  :  Six  Lectures  delivered  in  1868  be/ore  the 
Society  of  Apothecaries  of  London.  By  Henby  E.  Roscoe.  Lon- 
don. C.  Macmillan  &  Co. — We  are  indebted  to  the  kindness  of  the 
author  for  a  copy  of  this  work,  which  presents  the  most  complete 
account  of  the  history  and  development  of  spectral  analysis  to  be 
found  in  any  language,  if  we  except  perhaps  the  German  treatise 
of  Schellen  and  the  Swedish  wort  oi  Thalen.*  The  six  lectures 
form  rather  less  than  half  the  work.  They  are  simply  and  agree- 
ably written,  not  too  popular,  nor  yet  too  abstruse  for  a  popular 
work  in  the  best  bense  of  the  term.  Their  value  is  greatly  increased 
however,  for  the  scientific  reader,  by  the  addition  of  numerous  and 
elaborate  appendices  including  in  many  cases  entire  memoirs.  Be- 
sides the  diagrams  and  figures  which  illustrate  the  lectures,  the 
work  is  enriched  by  an  excefient  lithographic  reproduction  of  Kirch- 
hofi's  chart  from  A  to  G  and  of  Angstr5m's  and  Thalen's  chart  from 
G  to  H,  and  with  chromo-lithographs  of  the  spectra  of  several  fixed 
stars  and  nebulae.  Kirchhoff 's  and  Huggins'  tables  are  given  in  full. 
The  results  of  the  analysis  of  the  light  of  the  sun's  atmos])here 
up  to  the  date  of  the  publication  of  the  lectures  are  also  given. 

*  Om  Spektral  analys.    Upsala  UnWergitets  Arsckrift,  1866. 
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Finally  there  is  an  excellent  bibliography  of  works  and  memoin 
on  the  spectroscope  and  spectral  analysis.  That  the  work  should 
not  in  every  respect  deserve  unqualined  praise  will  seem  natural 
enooffh,  yet  we  are  not  disposed  to  find  fault  with  so  rich  a  store 
of  information  offered  to  us  in  so  acceptable  a  form.  w.  o. 

IL  MINEBALOGY  AKD  GEOLOGY. 

1.  On  the  MegacUictylus  polyzeliSts  of  JETitchcock;  by  E.  D. 
Cope. — This  genus  was  named  by  Hitchcock  in  his  Supplement  to 
the  Ichnology  of  New  England,  p.  39,  1866 ;  the  bones  have  been 
briefly  described  in  his  Ichnology  on  page  186.  The  remains  were 
found  in  a  more  or  less  fragmentary  condition  in  the  red  sandstone 
rocks  of  the  Valley  of  the  Connecticut,  from  the  neighborhood  of 
Springfield,  Massachusetts.  They  were  found  by  William  Smith, 
while  engaged  in  superintending  some  excavations  made  at  the 
armory,  which  required  blasting. 

The  remains  consist  of  four  caudal  and  one  dorsal  vertebrae,  the 
greater  part  of  the  left  fore  foot,  with  distal  portions  of  ulna  and 
radius ;  the  greater  part  of  the  leil  femur,  proxmial  end  of  left  tibia, 
greater  part  of  left  fibula,  tarsus  and  hind  foot,  including  a  tarsal 
bone,  perfect  metatarsus,  proximal  end  of  a  second  metatarsus, 
parts  of  the  distal  end  of  a  third,  and  parts  and  impressions  of  four 
phalanges. 

These  fragments  demonstrate  the  former  existence  in  the  region 
in  question  of  a  typical  form  of  the  suborder  or  order  Symphypoda 
{Compaognatha  Huxley),  and  one  nearer  the  birds  than  any  other 
hitherto  found  in  America.  Its  pertinence  to  this  order  is  shown 
by  the  absence  of  the  first  series  of  tarsal  bones,  apparently,  as 
Gegenbaur  has  suggested,  and  as  the  structure  of  Lselaps  proves, 
in  consequence  of  their  confluence  with  the  distal  extremities  of  the 
tibia  and  fibula.  This  important  character  is  apparently  assumed 
early  in  life  in  the  present  genus,  and  in  Compsognathus,  and  prob- 
ably quite  late,  in  Omithotarsus.  In  CompsognaSius  the  additional 
peculiarity  of  the  persistence  of  but  two  carpal  bones  is  presented, 
which,  according  to  Gegenbaur,  should  correspond  with  those  of  the 
first  row  of  ordinary  Reptilia,  while  those  of  the  second  have  dbap- 
peared.  In  Megadactylus  those  of  the  first  series  are  present,  viz : 
the  radiale  and  probably  ulnare,  and  one  of  the  second  row,  very 
much  reduced,  opposite  to  the  second  metacarpus.  There  is  space 
for  a  second  one  of  the  second  series,  but  it  does  not  appear  in  the 
matrix,  while  the  ulnare  is  probably  lost. 

The  bird-like  tendencies  of  the  Symphypoda  have  been  indicated 
above,  and  the  very  ornithic  character  of  the  bones  of  the  pres- 
ent form  is  also  very  marked.  The  walls  of  the  long  bones  are 
very  thin,  in  some  PJ^ces  near  their  extremities  almost  as  much  so 
as  writing  paper.  The  vertebrsB  and  ischia  present  the  same  thin 
walls,     llie  structure  of  these  walls  is  exceedingly  dense. 

Prof.  Copje  next  gives  the  special  characters  of  the  bones,  which 
are  here  omitted.    He  adds : 
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That  animals  of  this  eenus  made  some  of  the  tracks  similar  to 
those  of  birds  in  the  rea  sandstones  of  the  Valley  of  the  Connecti- 
cut there  can  be  no  doubt  It  furthermore  explains  some  prob- 
lematical impressions  which  are  occasionally  found  with  tnenu 
Tracks  of  an  animal  resting  in  a  plantigrade  position,  as  indicated 
by  the  moulds  of  two  long  parallel  metatarsi,  each  terminated  by 
three  toes,  are  accompanied  by  a  peculiar,  bilobate,  transversely 
oval  mark  on  the  midale  line,  some  distance  behind  the  heels. 

Prof  Hitchcock  states  that  it  appears  to  be  the  impression  of  a 
short  stiff  tail.  The  present  specimen  shows  clearly  that  it  was 
made  by  the  obtuse  extremities  oi  the  ischia.  The  saurian  s(]|uat- 
ted  down,  resting  on  its  styloid  ischia  as  the  third  leg  of  a  tnpod 
of  which  the  anterior  pair  was  represented  by  the  ninder  legs. 
Prof  O.  C.  Marsh  informs  me  that  in  the  museum  of  Yale  College, 
a  slab  exhibiting  impressions  similar  to  the  above  shows  the  mi- 
pressions  of  the  anterior  feet  also,  which  were  put  to  the  ground  in 
the  act  of  rising  or  sitting,  or  perhaps  reachea  to  it  while  the  ani- 
mal was  squatting,  as  do  those  of  carnivorous  Mammalia. 

The  tracks  of  many  of  the  animals  discovered  by  Hitchcock  are 
plantigrade.  That  they  could  not  have  walked  like  the  planti- 
grade mammal,  is  sufficiently  evident  from  the  length  of  the  meta- 
tarsal elements,  which  would  necessitate  a  constant  contraction  of 
the  tibialis  anticus  muscle,  or  peculiar  arrangement  oi  the  tarsal 
bones,  for  its  support.  The  latter  does  not  appear  to  have  existed, 
and  the  former  is  so  very  improbable,  that,  in  connection  with  the 
pneumatic  structure  of  the  bones,  there  is  abundant  reason  to  sup- 
pose that  they  progressed  by  leaps,  and  assumed  the  plantigraae 
position  when  at  rest. 

No  portion  of  the  cranium  or  dentition  of  this  genus  has  been 
preserved.  The  large  stout  hooked  claws  of  the  fore  foot  would 
indicate  a  more  or  less  carnivorous  diet. 

The  existence  of  Symphypoda  in  the  strata  here  indicated,  with 
the  occurrence  of  a  I'terosaurian  in  a  similar  situation  in  Pennsyl- 
vania, points  to  the  existence  of  the  transition  from  Eeuper  to  Lias, 
that  is,  from  Triassic  to  Jurassic  beds,  in  the  red  sandstones  of 
eastern  United  States.  They  have  been  heretofore  regarded  as 
Triassic,*  which  the  lower  portions  of  them  undoubtedly  are,  and 
similar  to  the  German  Keuper  in  the  presence  of  Labyrinthodonts, 
Thecodonts  and  Dinosauria  in  both  Pennsylvania  and  N.  Carolina. 

The  remains  here  described  were  alluded  to  by  ProC  R  Owen, 
as  those  of  a  Saurian  pointing  to  the  Pterodactyles  or  Birds,  pro- 
viding the  cavities  of  the  bones  were  filled  by  marrow,  and  not  by 
cartilage.  Prof  Wyman  regarded  them  as  those  of  a  reptile, 
though  the  long  bones  might  have  been  referred  to  a  bird  if  con- 
sidered alone.  "  While  the  bones  from  Springfield  are  as  hollow 
as  those  of  the  Pterodactyle,  I  do  not  find  that  they  are  those  of 
this  animal ;  there  is  no  positive  proof  of  the  long  fingers  nor  of 

^  ffitohcook,  in  bis  lohnolof^  (18'>8),  holds  that  the  beds  containing  the  tracks 
are  lower  JurassiCf  either  Oolitic  or  Lias;  and  Daoa,  in  his  Gtoologj,  (pp.  414.  443), 
says  that  the  so-called  Triassic  is  probabl/  in  part  Jurassic. — Boa  Aic.  J.  Sol 
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the  broad  stemnm  which  these  reptiles  possessed.  The  existence 
of  the  large  toe  in  company  with  the  small  one  is  in  favor  of  a 
jumping  animal" — From  the  Memoir  of  Prof.  Cope  on  Extinct  Rep- 
tilia  and  Aves,  Am^r,  Phil.  Soc,^  unpublished  volume. 

2.  On  the  Elasmoeaurns  platyurus  of  Cope  ;  by  Dr.  J.  Leidt. 
(Communicated  by  the  Author). — At  a  meetingot  the  Academy 
of  Natural  Sciences  of  Philadelphia,  March  8th,  rro£  Leidy  stated 
that  after  an  examination  of  the  remains  of  the  great  marine  sau- 
rian, from  the  Cretaceous  formation  of  Kansas,  presented  to  the 
Academy  by  Dr.  T.  H.  Turner,  U.  S.  A.,  and  described  by  Prof 
Cope  under  the  name  of  Ela^moeaurue  plaJtywrus^  he  had  arrived 
at  the  conclusion  that  the  animal  belonged  to  the  Enaliosaurians. 
It  was  closely  allied  to  Plesioeaurus  ;  the  peculiar  characteristics 
of  the  different  regions  of  the  vertebral  column,  together  with 
those  of  the  shoulder  and  pelvic  girdles,  and  the  fragments  of  the 
skull  and  teeth,  are  decidealy  Plesiosaurian. 

Prof.  Cope  has  fallen  into  the  error  of  describing  the  skeleton 
in  a  reversed  position  to  the  true  one,  and  in  that  view  has  rep- 
resented it  in  a  restored  condition  in  his  recent  "  Synopsis  of  the 
Extinct  Batrachia,  lieptilia,  and  Aves,"  published  in  the  Transac- 
tions of  the  American  Philosophical  Society.  To  explain  the  appa- 
rently anomalous  and  reversea  condition  of  the  articular  processes, 
(zygapophyses)  of  the  vertebrae,  he  considers  that  those  ordinarily 
existing  in  animals  are  substituted  by  the  second  set  (zygosphene 
and  zygantrum)  of  serpents  and  iguanians. 

The  discovery  of  a  portion  of  the  skull,  as  reported  by  Dr.  Tur- 
ner, in  the  vicinity  of  what  Prof.  Cope  regards  as  the  anterior 
extremity  of  the  skeleton,  and  which  he  considers  as  confirmatory 
of  the  view  he  has  taken  of  the  latter.  Prof.  Leidy  remarked,  inde- 
pendently of  the  many  anatomical  characteristics,  is  more  than 
compensated  by  the  opposite  end  of  the  vertebral  column  termina- 
ting in  a  coossified  axis  and  atlas,  this  latter  still  retaining  in  its 
cup  the  occipital  condyle. 

A  comparison  of  caudal  vertebrae  of  the  Kansas  saurian  with 
isolated  specimens  from  the  Cretaceous  formations  of  Alabama, 
Mississippi,  and  New  Jersey,  referred  by  Pro£  Leidy  to  a  Ple- 
siosaurian, under  the  name  of  Discoeaunts^  leads  him  to  view 
Elasmosaurue  as  identical  with  it.  Such  also  appears  originally 
to  have  been  the  view  of  Prof  Cope,  in  relation  to  a  part  of 
the  same  skeleton  which  he  referred  to  a  species  with  the  name 
of  XHscosaunce  c(trinatu8. 

The  restored  Discosaurus  or  Elasmoeaurue^  would  repeat  the 
form  usually  given  of  Plesiosattrve,  but  the  neck  was  of  more 
remarkable  length  than  in  the  latter.  It  comprised  the  almost 
incredible  number  of  seventy-two  cervicale,  and  measured  almost 
twenty-two  feet  in  length,  independent  of  the  head.  The  imper- 
fection of  the  rest  of  the  vertebral  column  does  not  permit  any- 
thing like  a  positive  estimate  to  be  made  of  the  comparative  ex- 
tent of  the  trunk  and  tail. 

In  the  true  view  of  Discosaurus  or  ElaemosauruBy  Prof  Copers 
order  of  Streptosauridae  fails  to  maintain  its  ground. 
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8.  Omithcpsis^  a  gigantic  animal  of  the  Fierodactyle  kind  from 
the  Wealden  ;  by  H.  G.  Seelet  (Ann.  Mag.  N.  H.,  IV,  v,  279).— 
Tinder  the  above  title  Mn  Seeley  describes  two  vertebrsB  in  the 
British  Museum,  one  from  Tilgate  and  the  other  from  the  Isle  of 
Wight,  which  "  are  of  size  and  structure  and  texture  such  that 
both  might  well  have  belonged  to  the  same  kind  of  organism,^' 
and  probably  the  same  animal.  One  vertebra  is  from  the  lower 
part  of  the  neck,  and  the  other  from  the  back ;  and  when  perfect 
the  former,  from*  the  back  to  the  front  of  the  centrum,  could 
"  scarcely  have  measured  less  than  ten  inches."  "  Seven  such  ver- 
tebrae would  have  made  the  neck  4  to  6  feet  lon^,  and  the  animal 
10  to  12  feet,"  while,  according  to  the  author,  it  may  have  been 
two  or  three  times  as  high.  The  vertebrae  are  constructed  after 
"  the  lightest  and  airiest  plan"  peculiar  to  Pterodactyls  and  birds ; 
they  have  pneumatic  foramina  as  in  these  species,  and  these 
are  very  large,  like  those  of  the  former  species.  The  animal  must 
therefore  have  been  decidedly  omithoid ;  and  the  gigantic  ornithic 
foot-prints  of  the  Wealden,  described  by  Mr.  Beccles  and  Mr. 
Tyler,  may  have  been  its  tracks.  The  author  closes  his  paper 
with  naming  the  species  Omithopsis  ITtdkeij  after  Dr.  Hulke. 

4.  Volcanic  action  on  Hawaii:  copy  of  a  letter  from  Rev. 
Trrus  Co  an  to  Prof  Chester  S.  Lyman,  dated  Jan.  24,  18T0. — 
"Our  volcanic  craters  have  not  made  great  demonstrations  of 
late,  and  yet  are  not  quiet  Slight  shocks  of  earthquakes 
often  occur,  sometimes  one,  two  or  three  in  a  day.  During  the 
first  two  weeks  of  the  present  month  a  good  deal  of  steam  and 
smoke  arose  from  MohuatoeoweOy  the  summit  crater  of  Mauna 
Loa.  In  Kilauea  the  action  is  fitful.  Occasionally  the  fires  rage 
with  much  violence,  and  again  they  are  sluggish.  When  I  was 
there  in  August,  the  old  south  lake,  Halemaumau,  was  a  hun- 
dred feet  deep,  and  four-fifths  of  a  mile  in  diameter  on  the  bot- 
tom. On  this  floor  there  were  eight  fiery  ovens  and  orifices 
open.  Since  then  there  have  been  several  vivid  overflowings. 
Tnese,  with  the  slowly  acting  uplifting  forces,  have  raised  the 
bottom  of  the  crater  some  76  feet,  so  that  now  the  latest  facts 
are  that  the  bottom  is  within  25  feet  of  the  upper  rim,  and  it 
is  supposed  that  the  pit  has  been  enlarged  to  more  than  a  mile  in 
diameter.  Lord  Charles  Hervey  and  Dr.  Hans  Berag,  a  Prussian 
savan,  have  made  two  visits  there  within  the  past  month.  They 
also  rode  on  mules,  in  company  with  Judge  Hitchcock  of  Hilo,  to 
the  terminal  crater  of  Mauna  Loa,  and  looked  into  Mokuaweoweo. 
There  was  no  fire  seen,  but  much  steam.  These  gentlemen  took  a 
newly  discovered  route,  which  proved  much  easier  than  any  before 
known.  A  cattle  ranch  has  been  established  at  Kapapala,  and  a 
milk  and  butter  station  is  situated  a  mile  higher  up  the  ridge  of 
the  mountain.  From  this  upper  station  the  cattle  have  found 
their  way  nearly  to  the  summit,  and  the  herdsmen  in  search  of 
them  have  found  that  mules  could  reach  Wilkes's  camp  without 
difficulty.  Starting  from  Kapapala  as  a  *  base  of  supplies,'  you 
can  go  nearly  to  the  summit  the  first  day.     On  the  second  day  you 
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can  ascend  to  the  top,  spend  several  hoars,  and  retnm  to  camp  to 
sleep.  On  the  third  day  you  can  reach  Kapapala  ranch  before 
night.  It  is  also  now  probable  that  the  same  could  be  done  from 
Eilaaea  as  a  base." 

6.  OeologiccU  Map  of  Canada  and  the  Northern  United  States/ 
by  Sir  W.  E.  Logan. — We  have  at  length  the  pleasure  of  an- 
nouncing the  appearance  of  this  important  and  long  looked-for  con- 
tribution to  American  geology.  Although  it  bears  the  date  of  1866, 
its  publication  has,  for  some  reason,  been  delayed  until  1869.  A 
first  copy  was  shown  by  Dr.  Hunt  at  the  meeting  of  the  American 
Association  at  Salem,  last  summer,  and  it  is  only  within  a  few 
weeks,  as  we  are  informed,  that  the  Geological  Survey  of  Canada 
has  been  able  to  procure  a  small  number  oi  colored  copies  for  dis- 
tribution, one  of  which  is  now  before  us.  The  legend  of  the  map 
informs  us  that  the  geological  details  for  Canada,  comprising  the 
former  provinces  of  upper  and  Lower  Canada  (now  Ontario  and 
Quebecjare  furnished  by  the  Geological  Survey  under  the  direction 
of  Sir  William  E.  Logan.  He  has  himself  compiled  the  geology 
of  the  various  states  of  the  Union  under  the  supervision  of  Profl 
Hall  from  various  sources  which  are  mentionea  in  detail  in  the 
preface  to  the  Atlas  of  the  Geology  of  Canada ;  (published  in  1 865) 
where  he  tells  ua  that  this  portion  of  the  work  was  done  "with  the 
approval  of  Prof.  James  Hall,  who  has  freely  placed  all  his  materialn 
at  the  disposal  of  the  compiler,  and  aided  by  his  intimate  personal 
knowledge  of  the  geology  of  a  greater  part  of  the  region  repre- 
sented." For  the  geology  of  the  provmce  of  New  Brunswick, 
Nova  Scotia  and  Newfoundland,  also,  the  most  authentic  printed 
and  manuscript  maps  were  consulted,  as  described  in  the  Atlas 
just  referred  to. 

An  indispensable  preliminary  to  a  work  of  this  kind  was  a  cor- 
rect topographical  map,  and  such  a  one  for  Canada  had  to  be  slow- 
ly and  laboriously  constructed.  The  sources  of  information  for  this 
purpose  are  given  at  length  in  the  preface  already  quoted.  A  se- 
ries of  longitude  determinations  was  made,  by  electric  telegraph, 
of  various  points  from  Chicago  to  Quebec  ana  Halifax,  and  both 
of  the  latter  stations  were  directly  compared  with  Cambridge.  In 
the  absence  of  a  regular  trigonometrical  survey  of  the  provinces, 
the  U.  S.  boundary  surveys,  the  lake  surveys  of  the  TJ.  S.  Topograph- 
ical Engineers,  and  the  hydrographical  surveys  of  the  British  Admi- 
ralty were  available  for  the  course  of  the  St.  Lawrence  and  the  Brit- 
ish shores,  while  those  of  the  U.  S.  Coast  Survey  were  followed  for 
the  United  States.  For  the  interior  of  the  provinces,  in  addition 
to  the  surveys  already  existing,  great  numbers  of  topographical 
surveys  have  been  made  by  the  officers  of  the  Geological  Survey 
during  the  past  twenty-five  years.  From  all  this  material,  de- 
scribed in  the  Atlas,  pp.  8-16,  it  has  been  possible  to  make  a  far 
more  accurate  delineation  of  the  geography  of  the  British  prov- 
inces than  has  hitherto  been  attained,  and  the  same  remark  will 
apply  to  the  coastal  region  of  the  United  States,  since  we  believe 
that  this  is  the  fii-st   time   the  beautiful  and  accurate  work  of 
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our  own  Coast  Survey  has  ever  been  reproduced  in  a  complete 
form  for  our  shores  from  the  St.  Croix  to  the  Chesapeake.  The 
construction  of  the  map  was  intrusted  to  Mr.  Robert  Barlow, 
formerly  of  the  British  Ordnance  Survey,  and  now  chief  topog- 
rapher to  the  Survey  of  Canada.  It  has  been  engraved  on  steel  by 
Ramboz  and  Jacobs  of  Paris,  under  the  superintendence  of  Mr. 
Gustave  Bossange,  and  is  remarkable  for  the  beauty  of  its  execu- 
tion. The  geological  lines  having  been  traced  upon  the  plate, 
they  were  placed  in  the  hands  of  Mr.  Stanford,  the  well  known 
map  publisher  of  London,  under  whose  direction  the  printing  and 
hand  coloring  of  the  map  have  been  executed.  The  Atlas  already 
referred  to  contains  a  small  colored  geological  map,  on  the  scale  of 
125  miles  to  the  inch,  which  is  a  reduction  of  that  now  before  us, 
and  bears  the  date  of  1864.     Changes  and  additions  to  the  geolo- 

fy  have,  however,  been  made  in  the  large  map,  on  which  it  has 
een  possible  also  to  give  the  subdivisions  of  the  Quebec  group  in 
Eastern  Canada,  which  the  small  scale  of  the  first  map  did  not 
allow. 

The  present  map  is  on  the  scale  of  twenty-five  miles  to  the  inch, 
and  measures  eight  feet  frpm  east  to  west  by  three  and  a  half 
feet  from  north  to  south;  extending  southward  to  latitude  37°,  and 
westward  to  lonejitude  100°.  Its  northern  limits  include  the  lakes 
Manitoba  and  Winnipeg,  James's  Bay,  Newfoundland,  and  the  ad- 
jacent Labrador  coast,  while  to  the  south  it  takes  in  Kanzas  and 
northern  Virginia. 

The  geological  ftubdivisions  adopted  on  this  map  are — 1.  Lauren- 
tian,  2.  Labradorian  for  Upper  Laurentian),  8.  Huronian;  while  for 
the  paleozoic  series  tiie  names  and  divisions  of  the  New  York  sur- 
vey are  essentially  adopted,  a?  follows :  4.  Potsdam  formation,  5. 
Calciferous,  7.  Chazy,  8.  Birdseye  and  Black  River,  9.  Trenton,  10. 
Utica,  11.  Hudson  Kiver,  12.  Medina  and  Oneida,  13.  Clinton,  14. 
Niagara,  16.  Guelph,  16.  Onondaga  or  Salina,  17.  Lower  Helder- 
berg,  18.  Corniferous  and  Oriskany,  19.  Hamilton,  20.  Chemung 
and  Portage,  21.  Old  Red  sandstone,  22.  Lower  Carboniferous 
limestone,  23.  Bonaventure  (conglomerate),  24.  Coal  measures,  26. 
Upper  Carboniferous  limestone,  26.  Permian,  27.  Trias,  28.  Cre- 
taceous, 29.  Tertiary.  In  the  eastern  basin,  as  is  well  known,  the 
geological  survey  of  Canada  admits  the  existence  of  a  Quebec  group, 
which  is  regarded  as  equivalent  of  the  Calciferous  and  Chazy  for- 
mations and  is  divided  into  three  parts  in  ascending  order,  viz  : 
the  Levis,  Lauzon  and  Sillery  formations,  lliese  are  represented 
on  the  map  before  us ;  the  Levis  being  colored  like  the  Calcifer- 
ous, and  the  Sillery  like  the  Chas^y,  while  the  Lauzon  (6),  is  distin- 
guished by  a  separate  color.  Add  to  this  two  colors  for  intrusive 
rocks,  one  for  granites  and  the  other  for  diorites  and  dolerites, 
and  we  have  not  less  than  thirty-one  geological  divisions,  indicated 
on  the  map  by  as  many  colora.'  The  system  of  coloring  adopted 
by  Sir  William  Logan  is  essentially  that  of  the  Survey  of  Great 
Britain,  with  such  modifications  as  were  required  to  adapt  it  to  our 
American  geology,  and  has  the  merit  of  bringing  into  distinct  view 
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the  great  geological  divisions  without  offending  the  eye  by  crude 
and  harsh  contrasts. 

With  the  exception  of  the  reduction  of  this  in  the  Atlas,  it  is 
believed  that  no  geological  map  has  appeared  which  presents  to 
the  student  a  connected  view  of  so  great  an  ai*ea  of  the  continent. 
It  extends  from  the  Cretaceous  and  Tertiary  rocks  of  New  Jersey, 
to  those  of  Nebraska  and  Dakota,  and  shows  at  a  glance  by  far 
the  greater  part  of  the  wide  paleozoic  basin  of  North  America.  It 
may  at  first  seem  strange  that  a  map  designed  primarily  to  display 
the  geology  of  Canada  should  be  made  so  comprehensive;  but  it  will 
be  seen  that  the  proposed  limits  of  the  New  Dominion  extend  even 
farther  westward  than  this  map,  while  the  southern  point  of  the 
province  of  Ontario  stretches  as  far  as  northern  Pennsylvania,  or 
below  the  42nd  parallel.  A  clear  understanding  of  the  geology 
of  the  upper  St.  Lawrence  basin,  was,  moreover,  not  possible 
without  a  delineation  of  the  great  coal  fields  adjacent,  whose  rela- 
tion to  Canada,  it  should  be  added,  is  not  less  important  com- 
mercially than  geologically.  These  coal  fields  now  furnish  large 
supplies  of  fuel  to  the  middle  and  western  portions  of  the  Domin- 
ion, which,  in  return,  is  sending  to  the  coal  regions  rich  ores  from 
its  inexhaustible  mines  of  iron, — the  commencement  of  a  commerce 
which  must  grow  in  importance,  and  bind  more  closely  these  prov- 
inces to  our  great  republic. 

On  the  other  hand,  we  cannot  fail  to  be  struck  with  the  extent  of 
the  Acadian  coal  basin,  including  large  portions  of  Nova  Scotia, 
and  New  Brunswick,  and  part  of  Newtoundland.  Out  of  it,  in 
fact,  the  Gulf  of  St.  Lawrence  has  been  excavated ;  and  this  wide 
maritime  area,  with  its  thick  seams  of  superior  bituminous  coal,  con- 
tiguous to  safe  harbors,  and  not  far  removed  from  the  great  manu- 
facturing districts  of  New  England,  must  every  year  increase  in 
importance  alike  to  the  provinces  and  to  the  TJnion.  We  are 
tempted  to  dwell  still  farther  on  the  great  commercial  questions 
raised  by  the  inspection  of  this  geological  map,  which  the  geogra- 
pher, the  merchant,  and  the  statesman  may  consult  with  equal 
advantage;  but  we  must  confine  ourselves  to  its  geological 
aspects. 

For  that  part  of  the  United  States  which  lies  between  the  Missis- 
sippi and  the  longitude  of  the  Hudson,  the  geological  lines  are  now 
so  well  defined  tnat,  except  for  some  parts  of  the  Appalachian  belt, 
no  subsequent  researches  will  probably  necessitate  any  considerable 
change  in  the  map.  The  geological  structure  of  the  provinces 
of  Ontario  and  Quebec,  south  of  the  great  Laurentian  region 
which  stretches  along  the  north  side  of  the  St.  Lawrence  basin, 
has  been  wrought  out  with  an  accuracy  rarely  surpassed,  and  re- 
quires a  map  on  a  much  larger  scale  to  exhibit  it  in  detail.  We 
have  lately  seen  such  a  map,  about  to  be  published  by  the  Geolog- 
ical Survey  of  Canada,  which,  extending  irom  a  little  west  of  Mon- 
treal to  a  little  east  of  Quebec,  includes  the  region  between  that 
portion  of  the  St.  Lawrence  and  the  frontier  of  the  United  States. 
It  is  engraved  on  a  scale  of  four  miles  to  the  inch,  and  geologi- 
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oally  colored  to  exhibit  in  detail  the  complicated  structure  of  the 
Canadian  extension  of  the  Appalachians,  tlie  so-called  Notre  Darae 
range.  Its  publication  is  delayed  by  the  want  of  topographical 
details  for  some  portions,  but  the  map  will  soon  appear,  and  it  is 
proposed  to  follow  it  by  the  publication  of  maps  of  other  sections, 
on  the  same  scale.    (See  the  Atlas,  page  23.) 

During  the  three  years  which  have  elapsed  since  the  engraving 
of  the  present  map,  considerable  progi'ess  has  been  made  in  inves- 
tigating the  geology  of  the  maritime  British  provinces.  The  pub- 
lished reports  of  Mr.  Murray  upon  Newfoundland  show  that 
besides  the  Laurentian,  Potsdam  and  Quebec  rocks  of  the  north- 
western portions,  extensive  developments  of  Laurentian,  Huroni- 
an  and  rrimordial  Silurian  occur  towards  the  southeast,  higher 
rocks,  including  an  area  of  coal  measures,  occupying  the  interme- 
diate portion.  This  work  of  Mr.  Murray,  if  continued,  will  ere  long 
give  us  a  correct  notion  of  the  geology  of  the  whole  island. 

Coming  now  to  the  Acadian  provinces  (Nova  Scotia  and  New 
Brunswick)  much  new  work  has  been  done,  though  very  much  re- 
mains to  be  accomplished  there.  The  map  accompanying  Dr.  Daw- 
son's Acadian  Geology  (1869)  adds  something  to  the  present  one, 
and  gives  a  part  of  the  results  from  the  labora  of  Matthews,  Bai- 
ley and  Hartt.  We  now  know  of  the  existence  in  New  Brunswick, 
to  the  south  of  the  coal  fields,  of  considerable  developments  of  Pri- 
mordial and  Upper  Silurian  rocks,  each  with  a  well  characterized 
fauna,  and  also  of  a  remarkable  Devonian  flora.  A  belt  near  the 
southern  coast  of  this  province,  once  regarded  as  of  iorneous  rocks, 
has  been  found  to  belong  to  an  ancient  stratified  eenes,  probably 
Huronian,  interposed  between  the  Primordial  strata  ana  a  band 
of  still  more  ancient  rocks,  once  designated  granites,  and  now  re- 
cognized as  highly  crystalline  gneisses  of  Laurentian  age.  It  is 
probable  that  the  more  considerable  granite  areas  now  indicated 
m  other  parts  of  New  Brunswick  will  be  found,  on  further  exam- 
ination, to  be  ancient  indigenous  rocks  as  already  suggested  by 
Hind  and  by  Dawson,  and  in  part,  at  least,  of  Laurentian  age. 
The  same  remark  will  apply  to  Maine  and  Nova  Scotia. 

The  existence  of  Laurentian  and  Huronian  rocks  to  the  south- 
east of  the  Carboniferous  area  in  Newfoundland  and  in  New 
Brunswick,  and  the  recent  detection  by  Dr.  Hunt  of  a  belt  of 
Laurentian  in  eastern  Massachusetts,  leads  us  to  hope  that  we  are 
approaching  to  a  comprehension  of  the  geological  structure  of 
New  England.  We  look  for  much  in  this  connection  from  the  new 
geological  survey  of  New  Hampshire,  under  Professor  C.  H.  Hitch- 
cock, and  confidently  expect  that  in  a  second  edition  of  the  map 
before  us,  which  will  soon  be  required,  the  geoloffv  of  the  New 
England  states  will  no  longer  be  a  partial  blank.  To  the  geolog- 
ical student  who  is  familiar  with  the  region,  this  state  of  things 
conveys  no  reproach*  The  wide  differences  in  original  condition 
and  volume  between  the  sediments  of  the  contiguous  western  and 
eastern  basins,  the  comparative  rarity  of  calcareous  deposits 
throughout  the  paleozoic  series  in    the  latter,  and  its    highly 
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altered  and  crystalline  condition,  have  hitherto  presented  insuper- 
able difficulties  in  the  way  of  unravelling  the  geological  structure 
of  this  eastern  region. 

It  is  to  be  hoped  that  the  government  of  the  New  Dominion  will 
make  liberal  provision  for  the  distribution  of  this  valuable  map. 
Meanwhile,  a  geological  map,  on  the  same  scale  and  plan,  of  the 
southeastern  United  States  is  greatly  needed  to  supplement  this 
admirable  publication  of  the  Geological  Survey  of  Canada,  and 
we  trust  that  a  hand  to  prepare  and  means  to  publish  it  will  not 
be  wanting. 

6.  Labradorite  Bocks  at  Marblehead ;  by  T.  Stebry  Hunt. — 
The  following  note,  appended  to  my  paper  on  Norite  Rocks  in  the 
last  number  of  this  Journal,  was  accidentally  omitted.  In  speak- 
ing of  the  boulders  of  labradorite  rocks  at  Marblehead  Neck,  I 
said  '*  specimens  of  this  rock,  correctly  determined  and  labelled, 
are  found  in  the  collection  of  the  Essex  Institute  at  Salem.  To 
these  my  attention  was  called  at  the  time  of  the  meeting  in  Au- 
gust last,  by  Prof.  C.  H.  Hitchcock,  after  which,  in  company  with 
Dr.  G.  B.  Lorinff,  Prof.  Packard  and  Prof  Kerr,  I  visited  the 
locality  at  Marblehead  Neck  and  collected  further  specimens  of 
the  characteristic  labradorite  rock." 
Montreal,  March  18,  1870. 

6.  Meplorations  in  the  Rocky  Mountains  by  Jl  D,  Whitney. — 
Professor  J.  D.  Whitney  has  given  the  California  Academy  of 
Sciences  some  of  the  results  of  explorations  under  his  direction  in 
the  Rocky  Mountains  during  the  summer  vacation  of  1869. 

The  party,  which  was  well  provided  with  instruments  for  topo- 
graphical, astronomical,  and  barometrical  work,  consisted  chiefly 
of  professors  and  students  from  the  Mining  School  of  Harvard  Um- 
versity,  and  was  also  acconipanied  by  Professor  Brewer,  of  the 
Tale  Scientific  School,  and  Mr.  C.  F.  Uoffinann,  of  San  Francisco. 
A  careful  triangulation  was  made  of  the  dominating  range  of  the 
Rocky  Mountains  between  Gray's  Peak  and  the  south  edge  of  the 
South  Park,  and  a  map  drawn  by  Mr.  Hoffinann,  on  a  scale  of  two 
miles  to  an  inch,  embracing  an  area  of  about  3,500  square  miles. 
This  map  includes  the  whole  of  the  South  Park  and  its  vicinity ; 
but  not  the  whole  of  the  main  divide  of  the  Rocky  Mountains,  that 
portion  which  lies  to  the  northwest  of  the  head  of  the  Arkansas 
river  beinff  necessarily  left  to  be  completed  at  a  future  time.  It 
is  hoped  uiat  it  will  be  possible  to  extend  the  topographical  work 
to  the  north  and  west,  so  that  a  detailed  map  may  be  prepared  of 
the  whole  of  the  highest  portion  of  the  Rocky  Mountains. 

Amons  the  results  ootained  by  this  exploration  was  the  de- 
termination of  the  elevation  of  some  high  points  not  previously 
measured.  The  highest  peak  ascended  lies  to  the  west  of  the 
Arkansas,  and  it  surpasses  in  elevation  any  yet  observed  in  the 
Rocky  Mountains.  It  was  named  Mount  Harvard,  and  found  to 
be  14,270  feet  in  height  The  next  highest  points  are:  Gray's 
Peak,  which  was  ascertained  to  be  14,145  feet  in  elevation;  Mount 
Lincoln,  14,123  feet;  and  Mount  Yale,  14,078  feet    Many  other 
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points  were  measured,  but  these  were  the  only  ones  that  were 
fonnd  to  be  over  14,000  feet  high. 

Dr.  Parry  is  the  only  other  explorer  who  has  published  any 
measurements  of  the  peaks  of  this  region.  Having,  however,  no 
station  barometers  nearer  than  St.  Louis,  his  results  are  liable  to 
considerable  uncertainty,  as  is  shown  by  the  fact  that  his  elevation 
of  Denver  was  found  by  the  spirit-level  surveys  of  the  Central  Pa- 
cific and  Denver  roads  to  be  282  feet  too  great,  a  result  closely 
corroborated  by  the  Kansas  Pacific  Railroad  surveys.  Dr.  Parry 
also  obtained  for  the  height  of  Gray's  Peak  a  result  one  hundred 
feet  greater  than  ours.  In  every  other  instance  where  observa- 
tions were  taken  by  the  Harvard  Mining  School  party  at  stations 
previously  occupied  by  Dr.  Parry,  the  results  of  the  latter  are 
found  somewhat  too  high,  the  discrepancy  varying  from  60  to  460 
feet  This  would  indicate  that  the  elevation  of  Pie's  Peak,  given 
by  Dr.  Parry  at  14,216,  may  also  be  a  little  too  high.  But,  to  ob- 
tain the  necessary  data  for  working  up  to  the  last  degree  of  ac- 
curacy the  barometrical  observations  taken  in  this  region,  it  will  be 
necessary  that  stations  be  made  on  the  plains  at  the  base  of  the 
mountains — say  at  Denver — and  at  some  point  as  high  up  as  possi- 
ble— as,  for  instance,  Georgetown  or  Montgomery — and  the  ob- 
servations continued  for  at  least  one  year  synchronously  at  the 
two  stations. 

In  the  meantime,  it  will  be  convenient  to  have  the  approximate 
heights  of  all  the  points  in  the  Rocky  Mountains  yet  measured, 
and  which  exceed  14,000  feet  in  elevation.    They  are  as  follows : 

Feet 

Mount  Harvard • 14,270 

Gray's  Peak  14,246  (Parry) 

Pike's  Peak 14,216  (Parry) 

Mount  Lincoln 14,123 

Mount  Yale 14,078 

Long's  Peak 14,060  (?) 

The  result  here  given  for  Gray's  Peak  is  100  feet  greater  than 
that  obtained  by  the  Harvard  party.  That  for  Long's  Peak  is  an 
estimate  based  on  a  barometrical  observation  by  Messrs.  Powell 
and  Byers,  without  any  corresponding  base  observation;  the 
barometer  stood  at  18*100  inches. 

From  the  above  it  will  be  seen  that  no  point  has  yet  been  found 
in  the  Rocky  Mountains  as  high  as  several  in  the  Sierra  Nevada. 
It  will  also  be  noticed  as  a  remarkable  coincidence  how  little  the 
highest  points  differ  from  each  other  in  elevation. 

It  is  thought  by  some  that  there  are  still  higher  peaks  than  any 
yet  measured  to  the  southwest  of  Mount  Harvard  and  Mount  Yale, 
m  the  yet  unexplored  regions  lying  between  the  Arkansas  and  the 
Grand.  This  party  was  unable  to  carry  its  work  so  far  in  that  di- 
rection as  would  have  l>^n  necessary  in  order  to  decide  that 
point 

The  other  results  of  this  expedition  will  be  worked  out  and 
published  in  due  time. 
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7.  Oalffomia  Geologioal  Survey. — ^AU  geologists,  and  all  inter- 
ested in  the  development  of  the  resources  of  our  country,  will 
rejoice  to  learn  that  the  resumption  of  the  Geological  Survey  of 
California,  under  Pro!  J,  D.  W  hitney,  has  been  ordered  by  the 
Legislature  of  the  State.  An  appropriation  of  2,000  dollars  per 
month  for  two  years  has  been  made,  ''  to  complete  the  field  work, 
and  publications''  Besides  this  a  deficiency  appropriation  of 
25,000  dollars  has  been  passed.  The  act  with  reference  to  this  con- 
tinuance of  the  survey  is  entirely  satisfeu^tory  in  all  respects.  It 
was  chiefly  due  to  the  influence  and  energy  of  Hon.  E.  Tompkins, 
of  the  Senate,  that  the  Survey  bill  was  carried  through  both 
branches  of  the  Legislature  by  a  lar^e  majority. 

8.  The  Oeological  Survey  of  Ohio;  its  Progrese  in  1869. 
Report  of  an  Address  delivered  to  the  Legislature  of  Ohio,  Feb. 
Yth,  1870,  by  J.  S.  Nbwbsbby,  Chief  Greologist.  60  pp.  Bvo. — Dr. 
Newberry,  the  able  head  of  the  (Geological  Survey  of  Ohio,  pre- 
sents in  this  report  a  general  review  of  the  organization  of  the 
corps  for  the  survey  under  his  charge,  his  plan  and  aims,  and  a 
brief  statement  of  the  geological  structure  of  the  State,  and  the 
important  objects  to  be  secured  by  the  invesl^igations  in  progress. 
Some  of  the  results  arrived  at  during  the  past  year  have  already 
been  mentioned  in  the  last  volume  of  this  Journal,  at  pa^e  417. 

9.  Sketches  of  Creation  ;  a  popular  view  of  some  of  tne  grand 
conclusions  of  the  sciences  in  reference  to  the  history  of  matter 
and  of  life ;  together  with  a  statement  of  the  intimations  of  sci- 
ence respecting  the  primordial  condition  and  the  ultimate  destiny 
of  the  earth  and  the  solar  svstem ;  by  Alexander  Winohell, 
LL.D.,  Pro£  of  Greology,  Zoology,  and  Botanj,  in  the  University 
of  Michigan,  and  Director  of  the  State  Geological  Survey.  460  pp. 
12mo,  with  many  illustrations.  New  Tork,  1870.  (Harper  ob 
Brothers). — ^The  scope  of  Professor  Winchell's  work  is  well  made 
known  in  its  titla  It  is  written  for  the  popular  reader ;  and  while 
its  sentences  may  be  regarded  as  too  rhetorical  by  the  scientific 
student,  they  may  attract  others  to  the  subject,  and  aid  many  in 
appreciating  the  grandeur  and  bearing  of  the  truths  which  have 
been  brought  to  light  by  geological  investigation. 

10.  Isomorphiem  of  OudoUnitey  DcUoUte  and  JEudase. — Ram- 
MBLSBBBQ  has  pointed  out  in  the  Zeiteohrift  of  the  German  Oeolo- 
gical Society  (voL  xxi,  p.  807,  1869)  the  isomorphism  of  G«doli- 
nite  with  datoUte.  He  cites  the  fact  that  DesCloizeaux  has  ascer- 
tained through  optical  examination  the  crystallization  of  Oadoli- 
nite  to  be  monoolmic  (Ann.  Ch.  Ph.,  IV,  xviii) ;  and  shows  by  chem- 
ical analyses  that  the  ratio  of  the  oxygen  of  the  silica  to  that  of  the 
bases  is  2 : 3  as  in  the  other  species  above  named.  The  obliquity 
(or  angle  C)=:89°  28'  and  I :  ^=ll^^ 

Rammelsberg  also  shows,  by  a  comparison  of  angles,  the  iso- 
morphism of  Datolite  and  Euclase.  As  he  does  not  mention  the 
fact,  we  add  that  this  isomorphism  was  announced  and  proved  six- 
teen years  since  in  this  Journal,  (H,  xvii,  215,  1854),  by  J.  D. 
Dana,  and  also  in  Dana's  Mineralogy,  4th  ed.,  1854,  p.  204,  where 
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the  Euolase  group  of  isomorphs  is  made  to  include  Datholite^ 
MiclasCy  Sphene  and  ZoMte^  to  which  he  soon  after  (ib., 
II,  xix,  363)  added  KeilhauUe.  The  isomorphism  is  mentioned 
also  in  the  last  edition  of  Dana's  Mineralogy  (18e8) ;  and  more- 
over the  similarity  in  chemical  composition  (which  Kammelsberg 
here  exhibits)  is  there  brought  out  (on  pp.  362,  863),  both  under 
the  new  and  old  system  of  chemical  formulas. 

10.  MinercUogiccU  contributions  of  G.  vom  Rath,  of  Bonn. — 
In  Poggendorf 's  Annalen,  voL  cxxxvi,  p.  405,  vom  Rath  has  pub- 
lished one  of  his  valuable  mineralo*gical  papers,  containing  the  fol- 
lowing articles :  on  the  crystallization  oi  V  ivianite ;  the  chemical 
formula  of  Eulytite  (silicate  of  bismuth),  with  observations  on  its 
crystallization  and  other  characters;  on  the  crystalline  form  of 
Atelestite,  which  he  makes  monoclinic,  with  c  (clmodiagonal)  \b:a 
(vert )=0-869: 1:1-822;  and  a  on  c  =  110**  30';  on  the  Labrado- 
lite  of  Narddal  on  the  Sognefiord  in  Norway,  with  analyses ;  on 
the  Boulangerite  of  Silbersand  near  Mayen,  with  analyses.  For 
the  Eulytite  of  Schneeberg  he  found  3i  16-62,  ft  82-23,  F,  fe  116= 
99*90;  again,  §i  16-93,  »i  80-61,  P  0-28,  fe  0-62=97-34;  whence  the  for^ 
mula  ft* Si*.     This  places  the  species  among  the  Unisilicates. 

This  paper  contams  also  a  notice  of  a  crystalline  compound  of 
Zinc  and  Calcium,  corresponding  to  the  formula  Zn''Ca=Zinc 
95-13,  Calcium  4*87=100.  He  found  95*11  and  4*90.  Its  crystals 
are  small  square  octahedrons,  having  the  angle  of  the  terminal 
edges  134^°,  and  of  the  basal  66°  18',  whence  the  vertical  axis= 
0*4619. 

11.  Reaie  ComUato  Qeologico  cP Italia. — ^The  Italian  Govern- 
ment has  appointed  a  Geological  corps,  for  the  publication  of  a 
large  geological  chart  of  Italy,  with  descriptions  of  the  geologi- 
cal structure  of  the  country.  The  corps  includes  Prof  J.  Cocchi, 
of  Florence,  President,  Bartolommeo  (iastaldi,  Professor  of  Mine- 
ralogy at  Turin,  F.  Giordano,  Inspector  of  the  Royal  Corps  of 
Minm^  En^neers,  G.  Meneghini,  I*ro£  of  Geology  at  Pisa,  and 
Ludovico  Pasini,  Senator  of  the  Kingdom  of  Italy;  with  the 
assistants  Pietro  Zezi,  Mining  Fngineer,  Giuseppe  Grattarola  and 
Angelo  Alessandri,  Geological  Assistants,  and  Felice  Momo, 
'^Aspirante."  The  Ist  and  2d  numbers  of  the  Bulletin  (Bolletino) 
were  issued  in  January  and  February  of  the  present  year ;  ana 
the  1st  volume  of  the  Memoirs,  to  contain  papers  on  Italian  Geol- 
ogy, will  soon  be  published.  In  the  February  number  of  the  Bul- 
letin, Prof.  Cocchi  has  an  abstract  of  a  paper  on  Elba,  and  £. 
Bechi  an  article  on  the  composition  of  a  dark-colored  volcanic 
rock  of  Monte  Catini  containing  mica^  called  Selagite^  (named 
by  Santi  Lava  limacciosa  micacea\  and  also  of  a  prehnitoid  rock 
from  the  same  locality,  and  of  the  prehnite  of  Impruneta.  The 
mica  of  the  selagite  was  found  to  consist  of 

Si  40-8,  a  221,  f e  21-0,  Sig  06,  Oa  6-6,  fc  6-9,  Fl  O'S,  fl  3-6=100-2. 
It  has  G.=8*15,  and  H.=2*5.     The  paste  or  rock  material  contain- 
ing the  mica  was  found  to  consist  of 

Si 44-6,  511-7,  *e37-3,  lillgl-4,  CaUO,  Sa,  4 («r).  1^1-1=100.  H=4-6,  G=2-7S9. 
Am.  Joub.  Sol— Seoohd  Sbbibs,  Vol.  XLIX,  No.  147.— Mix,  187a 
25 
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12.  Oibbsite  and  WaveUite. — ^Hermann  (Bull  Soc.  Impfo.  Nat 
Moscow,  No.  4,  1868,  496),  has  analyzed  a  grayish  peany  mine- 
ral, occurring  on  limonite,  in  Chester  Co.,  Pa.,  in  thin  crubts,  deU- 
oately  concretionary  under  a  lens.  It  has  a  hardness  of  8*0,  6.= 
2*85,  and  is  subtransluoent.    He  obtained 

a  63-84,  fl  33-46,  gl  1-60,  P  0-91,  fig.  1h  traee=:9d'tO. 

Hermann  has  obtained  for  the  composition  of  the  Wavellite  of 
the  same  region  (ib.) : 

^  32'yO,  51  36-83,  fi^8-39,  Pe  3-08,  Fl  «r.=100, 
agreeing  nearly  with  the  analysis  by  Genth.    He  found  G.=2-30 
and  H.=8'5. 

The  Gibbsite  (hydrargillite)  of  Villa  Rica  afforded  Hermann 

(ib.)  :  il  63-60,  f  e  2-00,  fi  34-40  =  100. 

18.  Sermann  on  Samarskite  and  the  compounds  of  the  Cokumr 
bium  metals  (ib.,  p.  463). — Hermann  here  reviews  the  composition 
of  different  minerals  contaiuii^  the  metals  of  the  colnmbium 
group.  He  deduces  for  Columbite  the  formula  ft  fi,  the  second 
metal  including  the  Columbium  and  related  metals :  for  Samars- 
kite and  ^schynite,  ft  fi;  for  'tantalite  ]Ct>  fi^  He maKes the  oxyds 
of  the  Columbium  metals,  B,  ft,  fi,  ft. 

14.  Minerals  qf  EWa. — Mr.  Antonio  d'Achiabdi  of  Pisa,  has 
described  the  crystals  of  several  of  the  minerals  of  Elba,  in 
an  article  published  in  the  Nuovo  Cimento,  H,  iii,  Feb.,  1 870. 
The  species  included  are  Quartz,  WoUastonite,  Beryl,  Epidote, 
Lepidolite,  Tourmaline,  Ilvaite,  and  Orthoclase.  He  also  pub- 
lishes the  analysis  of  a  Halloysite— which  afforded 

Si  5615,  ^  877S,  fig  and  Oa  6*10,  &  116,  tL  10-20a»9*3t. 
It  is  soapy  in  aspect  and  feel;  milk-white,  with  small  black  and 
pale  flesn-red  spots;  opaque,  but  becoming  translucent  in  water; 
and  adheres  to  the  tongue. 

15.  Mineralogisehe  I^otUsen^  of  F.  Hbssbnbbbo. — ^^llie  ninth 
number  of  Hessenberg^i  admirable  crystallographic  memoirs  on 
minerals  has  recently  been  published  by  l^e  Senckenberg  Nat. 
Geeellsehaft  in  Frankfort  on  the  Maine  (vol  vii,  p.  267, 1870).  It 
contains  figures  and  measurements,  with  various  observations,  <m 
the  species  Calcite  from  Lake  Su]>erior,  Reissite  of  v.  Fritsoh,  a 
rhombic  Zeolite  (perhaps  a  new  mineral)  from  Santorin,  WoUas- 
tonite,  Periclin,  Strontianite,  Sphene,  Caledonite,  Hematite,  Pyrite. 

16.  PencaUte  and  PredcottUe, — ^The  mineral  carbonates  Penca- 
tite  and  Predazsdte,  which  have  been  8iuq>ected  to  be  only  nut- 
tw<es  (see  Dana's  Min.,  6th  ed.,  1868,  p.  708)  are  proved  to  be 
such  by  G.  Hauenschild,  tiirough  a  microscopic  examination  of 
specimens.  He  found  them  to  be  calcite,  contaimng  crystals  of 
bmcite. — SiUsber.  Ak.  TFim.,  vol  Ix,  1869. 

17.  Bammdsberg  on  some  native  Tantalum  and  CohmMum 
Con^pounds.— In  the  Zeitsehr{ft  of  the  German  G^logical  Society 
for  1869,  at  p.  686,  Ranunelsberg  has  a  paper  discussing  the  min- 
erals TanUUitej  TttrotantalUey  JSumentte,  .jEseh^fnite  and  JP^/ro- 
ehlore. 
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In  a  paper  oommenoing  at  pa^e  106  of  the  same  volome,  Ram- 
melsberg  treats  of  the  composition  of  Silicates. 

18.  An  Elementary  Treatise  on  QuaHz  and  Opal^  including  their 
varieties  J  with  a  notice  of  the  principal  foreign  and  British  locali- 
ties in  which  they  occur  ;  by  Geobgb  William  Tbaill.  New  edi- 
tion, greatly  enlarged.  74  pp.  12mo.  Edinburgh,  1870. — ^This 
beautifully  printed  little  mineralogical  volume  contains  descrip- 
tions of  the  many  varieties  of  quartz  and  opal,  with  observations 
on  their  uses,  localities,  and  other  points  of  popular  interest  con- 
nected with  them.  The  value  of  the  work  would  be  increased  in 
another  edition,  by  adding  some  account  of  the  optical  peculiaritiea 
of  the  ^>ecie6,  about  which  there  are  many  strange  facts  that  might 
easily  be  made  intelbgible  to  minds  little  familiar  with  science. 

IIL   BOTANY  AND  ZOOLOGY. 

1.  Sow  Crops  Feed;  a  TVeatUe  on  the  Atmosphere  andthe  SoU 
(U  related  to  the  nutrition  of  Agrumkural  Plants^  with  illustra- 
Hans;  by  Samubl  W.  Johnson,  M.A.,  Pro£  Analytical  and  Agri- 
eultural  Chemistry  in  the  Sheffield  Scientific  School  of  Yale  Col- 
lie, Ac.  pp.  376,  18mo.  New  York :  (Orange  Judd  &  Co.)  1870. 
— This  is  tne  sequel  to  the  treatise  entitled  "  How  Crops  Grow," 
which  was  issued  two  years  ago,  and  which  has  tidcen  its  ^lace  as 
an  essential  text-book.  It  was  most  promptly  reproduced  m  Eng- 
land, very  handsomely  as  respects  the  typography,  Aa,  under  the 
editorship  of  two  Professors  at  the  Royal  Agricultural  College  at 
Cirencester, — by  whom  "  numerous  additions  have  been  made  to 
it,  and  in  some  parts  it  has  been  entirely  rewritten."  No  means 
are  furnished  (at  least  we  can  find  none)  by  which  the  reader  can 
ascertain  what  the  alterations  and  additions  to  l^is  Englirii  edi- 
tion are, — which  seems  unjust. 

In  the  present  volume,  in  considering  '*  how  crops  feed,''  Pro! 
Johnson  is  in  fullest  force,  upon  ground  that  he  has  complete  mas- 
tery of;  and  consequently  he  has  produioed  a  oompendium  of  what 
is  known  of  the  chemistry  and  physics  of  vegetation  which  is  emi- 
nentlv  clear  and  satisfactory,  and  which  supplies  a  long  felt  want. 
The  nrst  division  of  the  book  is  devoted  to  the  atmosphere,  the 
second  to  the  soil  as  related  to  vegetation ;  and  the  action  of  the 
various  elements  of  each  upon  plants,  especially  the  staple  plants 
of  agriculture,  and  of  plants  upon  them,  is  in  turn  considered,  witii 
unusual  perspicuity,  and  with  about  the  fullness  requisite  for  a  text- 
book. From  the  biological  aide  we  might  have  wished  to  present 
some  thk^  somewhat  difierently, — to  draw,  for  instance,  a  moce 
marked  line  of  disdnction  between  vegetation  as  made  up  of  organ- 
isms which,  no  less  than  animals,  do  w<Mrk  at  the  expense  of  ormnic 
materials  and  therefore  produce  or  compose  carbonic  acid,  aim,  on 
^tiie  other  hand,  as  fulfiiling  the  peouhar  and  essential  woik  9f 
vegetation,  viz.,  the  production  of  organic  matter  and  the  oosse- 
quent  decompofiti(m  of  carbonic  acid;  and  to  distinguish  also 
more  definitely  between  this  great  operation  which  prMuow  <Uie 
materials  for  growth,  and  growth  itself  wUch  is  the  convecsloii  of 
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these  into  tissue  or  structure,  and  which  of  course  goes  on  indiffer- 
ently to  light,  which  is  all-essential  to  the  former.  The  scientifio 
reader  will  notice  one  of  the  author's  strong  and  peculiar  points, 
which  is  presented  by  way  of  conclusion  in  the  final  paragraph,  vi*., 
how  several  causes  conspire  to  render  the  soil  in  a  certain  degree 
the  conservator  of  its  own  fertility,  by  protecting  its  own  resources 
from  waste  and  too  rapid  use.  a.  o. 

2.  Martins^  Flora  Brasiliensis^  fasc.  48 :  ConvolmUacecB  expos. 
C.  F.  Mbissnbb.  Aug.  1869. — ^Prof.  Meissner,  who  was  obliged 
for  a  time  to  lay  aside  serious  botanical  work,  here  signalizes  his 
return  to  it  by  a  discriminating  elaboration  of  the  Brazilian  Con- 
volvidaceoB,  The  great  genus  fpomoea  is  preserved  in  the  extended 
sense,  including  Calonyction^  Quamoclit,  Mcogonium^  PkarbitU^ 
Ac,  but  with  OpercuLina  of  Manso  maintained  as  a  genus.  The 
work  is  extensively  illustrated  by  53  folio  plates.  a.  g. 

8.  Development  of  the  Flower  of  Pinguieula  vulgaris^  Ac;  by 
Profl  A.  Dickson  of  the  University  of  Glasgow.  A  quarto  memoir, 
from  the  Trans.  Roy.  Soc.  Edinb.  1869. — ^The  letter-press  and  three 
excellent  plates  illustrate  the  organogeny  of  the  flower  of  Fingui- 
ctda,  and  make  out  that  the  ovary  is  probably  composed  of  five  car- 
pels,—certainly  not  of  two,  notwithstanding  the  bilabiate  stigma, 
— and  the  placenta  from  the  first  free-central,  so  that  the  order 
should  be  regarded  as  Primnlaceous  in  type,  and  not  particularly 
related  to  Scrophtdarinece;  and  then  the  embryos  of  this  genus  ana 
of  Utricvlaria  are  investigated  and  figured ;  the  fact  of  the  single 
cotyledon  in  P.  vulgaris  is  confirmed,  as  well  as  of  the  two  in 
other  species,  and  the  undivided  or  rather  undeveloped  and  so-called 
acotyledonous  embryo  in  Utricularia  vulgaris,  a.  g. 

4.  A  Geographical  Handbook  of  aU  the  known  FbmSj  with 
Tables  to  show  their  Distribution;  by  K.  M.  Ltkll.  London, 
Murray,  1870,  pp.  226,  8vo. — Fern-amateurs  are  not  very  uncom- 
mon in  this  country ;  in  England  they  abound ;  and  to  know  ferns, 
if  not  to  collect  or  cultivate  them,  is  among  educated  people,  espe- 
cially ladies,  rather  the  rule  than  the  exception ;  ana  of  popular 
Fern-books  there  is  no  small  choice.  Among  them  all  we  shall 
hardly  meet  with  so  solid  and  faithfril  a  volume  as  this  by  Mrs. 
Col.  Lyell.  It  is  not  a  descriptive  work,  but,  as  its  title  denotes, 
is  a  full  catalogue  of  the  Ferns  known  in  every  particular  country, 
with  the  ranges  in  each ;  followed  by  a  series  of  compact  and  admira- 
ble tables,  m  which  the  genera  and  species  are  systematically 
arranged,  and  the  distribution  through  all  the  continents  or  regions, 
and  their  main  divisions,  clearly  indicated.  Of  course  the  main 
sources  of  information  are  the  works  of  Sir  William  Hooker, 
and  particularly  the  Synopsis  FUicum^  brought  out  by  Mr.  Baker, 
to  wnich  may  l>e  added  the  latter's  elaborate  memoir  on  the  distri- 
bution of  Ferns,  in  the  Transactions  of  the  Linn»an  Society.  Yet 
this  volume  must  have  cost  long  labor,  and  the  result  is  well 
worth  it  A.  o. 

6.  Bulletin  of  the  Torrey  Botanical  ClTuft.— These  8vo  sheets 
(of  which  we  have  Nos.  1  and  2,  for  January  and  February)  are 
issued  by  the  Club,  which  holds  its  regular  meetings  in  the  Tor- 
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reyan  Herbarium  at  Columbia  College,  and  has  special  oversight 
of  the  botany  of  the  region  immediately  around  New  York, 
Some  of  its  brief  articles  are  of  more  than  local  interest.  For 
instance,  Dr.  Allen,  in  the  first  number,  shows  that  the  dwarf  (Eno- 
thera  of  Montauk  Poini,  Long  Island,  is  not  CE,  linearis^  as  has 
been  thought,  but  a  depressed  form  of  CE,  fruticosa^  dwarfed,  no 
doubt  by  the  bleak  exposure;  and  Mr.  Leggett,  the  editor, 
announces  the  discovery,  by  Mr.  Brown,  of  flowers  fertilized  in 
the  closed  bud  in  Aristolochia  aerpentaria.  In  the  second  number, 
Mr.  Leggett  explains  how  it  came  to  pass  that  I/epidium  Virginir 
cum^  unlike  all  its  congeners,  has  accumbent  cotyledons,  and  proves 
that  it  is  by  no  means  so  different  as  has  always  been  supposed. 
Also  that  tne  embryo  in  this  species  and  its  near  allies  partakes 
of  the  character  which  has  been  deemed  peculiar  to  SubtUariaj 
Senebieray  &c.,  viz.,  in  the  fold  being  above  the  base  of  the  cotyle- 
dons, not  at  their  junction  with  the  radicle.  Mr.  Leggett  writes 
that,  "  In  the  species  which  I  have  examined,  viz.,  the  present,  i. 
rwlercUCj  L,  campeatre^  and,  perhaps,  L,  intermedium^  the  cotyle- 
dons are  continued,  in  the  form  of  petioles,  about  half  way  down 
the  radicle;  the  cotyledons,  in  fact,  oeing  transversely  folded  upon 
themselves,  as  stated  and  illustrated  in  Gray's  Genera  in  the  case 
of  Subularia  and  Senebiera^  the  genera  immediately  preceding 
Lepidium.  In  the  other  species  of  Lepidium  the  plane  of  division 
between  these  petioles,  or  '  radicular  *  portions  of  the  cotyledons, 
.is  parallel  to  the  cotyledons  proper,  and  consecjuently  to  the  seed 
partition.  In  L.  Virginicum  this  split  is  likewise  parallel  to  the 
partition,  and  thus  the  '  radicular '  portions  of  the  cotyledons,  is 
mcumbent,  and  so  far  the  species  is  in  accordance  with  its  conge- 
ners. Where  the  cotyledons  expand  into  a  blade,  they  are  turned 
sharply  at  right  angles  to  the  partition  and  become  accumbent. 
If  the  embryo  be  held  with  the  edge  of  the  cotyledons  toward 
the  eye,  it  is  the  left  blade  which  comes  fi*om  the  back  of  the 
radicle,  and  thus  has  the  longer  turn  to  make.  Cakile  Americanay 
Nutt.,  resembles  Lepidium  Virginicum  in  these  particulars,  except 
that  the  '  radicular '  portion  of  the  cotyledons  is  relatively  much 
shorter,  and  in  one  instance  I  found  the  blades  of  the  cotyledons 
almost  spirally  bent  over  the  radicle,  so  as  to  pass,  as  it  were, 
through  an  incumbent  stage.  I  have  also  observed  this  narrow- 
ing of  the  cotyledons  into  a  petiolar  portion,  greater  or  less,  in 
N^aaturtium^  Uardamine^  Ardbia^  Baroarea^  JEhryaimum^  and  Ror 
phanuay  so  far  as  represented  in  our  local  Flora ;  but  in  all  those 
genera,  the  '  radicular '  split  has  conformed  nearly  or  quite  to  the 
cotyledons,  as  they  are  incumbent  or  accumbent:  in  Cardamine  it 
is  long  and  somewhat  inclined  to  one  side."  We  have  verified  this 
statement  as  respects  Lepidium  Virginicum,  and  only  wonder  how 
this  conformation  has  been  overlooked.  No.  3,  for  March,  has 
also  been  received.  a.  g. 

6.  Notea  rekUing  to  Vegetable  Phyaiology,  Jbc. — ^A  part  of  the 
following  memoranda  are  drawn  from  the  last  numbers  of  the 
JBidlecin  of  the  Botanical  Society  of  France,  especially  its  JRevue 
Siographique,  which  is  very  faithfiilly  edited. 
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TTie  tffect  of  Barberrxf-iuefies  in  rusting  Wheats  after  having 
long  been  accounted  a  groundless  popular  superstition,  is  at 
length  understood  and  admitted  by  the  Cryptogamists.  The 
botanists  used  to  rebut  the  charges  of  the  farmers  by  the  statement 
that  the  rust  in  the  grain  fields  and  the  prevalent  ixingus  of  the 
Barberry  belonged  to  very  different  genera,  and  that  therefore  the 
one  could  not  give  origin  to  the  other.  But  DeBary  in  Germany 
and  (Ersted  in  Denmark,  followingup  similar  enquiries  by  Tulasne 
in  France,  have  concluded  that  Uredo^  Puccinia,  and  (Ecidium 
are  to  be  regarded,  not  as  so  many  genera,  but  as  three  successive 
forms  of  fructification  of  the  same  fhngns,  or  in  some  sort  an  alter- 
nation of  generations.  DeBary  ascertained  that  the  spores  of  the 
Puccmia  graminis  do  not  germinate  when  sprinkled  on  the  leaves 
and  stalks  of  the  cereal  grains,  which  this  rust  infests,  while  they 
will  germinate  on  the  leaves  of  the  Barberry,  and  there  give  rise 
to  the  JEkidium  Berheridis:  and  the  spores  of  this  are  eoually  inert 
upon  the  Barberry,  but  will  grow  in  their  turn  upon  Wheat,  and 
there  reproduce  first  the  Uredo  or  yellow  rust  and  later  the  Pnecinia 
graminis  or  dark  rust.  Another  species  of  Pucciuia  equally  pro- 
duces its  corresponding  .^Ecidium  upon  Buckthorn ;  another  alter- 
nates between  the  cereal  grains  ana  certain  Boragineous  weeds. 
These  results  have  been  practically  tested,  in  the  Targe  way,  last 
summer,  in  France.  Long  hedges  of  Barberry,  planted  along  the 
Paris  and  Lyons  railway  in  a  commune  in  the  C6te  d'Or,  were 
complained  of  by  the  adjacent  cultivators,  and  were  cut  away* 
at  certain  places  oy  way  of  experiment ;  and  an  investigation  by 
the  railroad  company,  whose  interests  were  adverse  to  such  a  deci- 
sion, left  no  doubt  of  the  injurious  effects  of  the  Barberry  on  the 
contiguous  wheat  fields. 

Tne  turning  green  of  etiolated  plants^  or  in  other  words  the 
production  of  chlorophyll  upon  exposure  to  light,  was  found  by 
Guillemin  to  take  place  much  more  promptly  under  difiuse  light 
than  in  direct  sunshine.  Sachs,  finding  that  the  blanched  plantletfl 
of  Maize,  which  he  used,  turned  green  more  rapidly  when  shielded 
by  a  paper  cover  than  when  exposed  to  the  sim  directly,  attributed 
the  result  to  the  greater  elevation  of  the  temperature  of  the  con- 
fined air.  But  Famintzin  showed  that  the  shaded  plantlets  turned 
green  first  at  a  lower  temperature  than  those  unshaded.  Prillieux, 
from  whose  paper,  read  last  autumn  before  the  Botanical  Society 
of  France,  these  facts  are  taken,  confirmed  this  result  in  two  other 
ways, — first,  by  submitting  the  etiolated  plantlets  to  different  inten- 
sities of  the  same  light  rrom  which  the  calorific  rays  had  been 
mainly  screened  out,  and  secondly  by  placing  them  m  a  cone  of 
light  at  different  distances  from  the  k)cus  of  the  condensing  lens ; 
those  in  the  brightest  light  remained  apparently  unchanged  in 
color  during  an  exposure  which  had  sufficea  to  develop  a  decided 
green  hue  in  those  of  feebler  light.  Prillieux  thinks  the  difference 
IS  wholly  physiological ;  that  chlorophyll  is  formed  promptly  under 
light  of  a  certain  proper  intensity,  and  not  beyond ;  that  it  is 
slightly  if  at  all  proauced  under  that  stronger  or  direct  light  which 
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acting  upon  this  same  chlorophyll  is  so  efficient  in  the  decomposi- 
tion of  carbonic  acid  and  the  consequent  evolution  of  oxygen  gas. 

Boussingault,  in  one  of  the  latest  of  his  admirable  papers  on 
the  functions  of  leaves,  published  in  the  Ann.  Sci  Nat,  torn.  10  of 
the  current  series,  comes  to  the  conclusion  that,  though  leaves  des- 
titute of  chlorophyll  do  not  decompose  any  carbonic  acid,  yet  that 
they  begin  to  do  so  as  soon  as  any  chlorophyll  is  producei 

Is  light  absoliUely  requisite  to  the  decomposition  of  carbonic 
acid  in  green  foliage,  and  how  much  is  necessary  f — ^These  ques- 
tions are  satbfactonly  answered  by  Boussingault,  through  a  series 
of  experiments  in  which  green  leaves  were  introduced  into  a  mix- 
ture of  carbonic  acid  and  hydrogen,  over  mercury,  and  the  evolu- 
tion of  oxygen  tested  by  the  introduction  of  phosphorus,  and  its 
phosphorescence  in  the  dark,  or  by  the  white  cloud  in  light.  He 
thus  found,  1,  that  leaves  do  not  decompose  any  carbonic  acid  in 
the  dark,  nor  in  twilight  after  sunset ;  out  they  do  so  very  well 
under  the  diffuse  light  of  a  northern  exposure,  and  under  ordinary 
shade ;  as  is  shown  indeed  by  the  vegetation  which  thrives  in  the 
shade  of  a  forest  and  the  like ;  2,  that  this  evolution  of  oxygen 
begins  as  soon  as  the  leaves  are  exposed  to  the  light,  and  stops 
instantly  when  taken  out  of  the  light.  Van  Tieghem,  experiment- 
ing upon  aquatic  plants,  at  first  supposed  he  had  proved  the  con- 
trary, but  in  iurther  experiments  came  to  the  same  result. 

To  what  portion  of  the  solar  radiation  is  this  decomposition 
owing? — ^Pnllieux,  using  light  of  different  colors  but  of  equal 
intensity,  through  colored  solutions,  thought  he  had  ascertained 
that  the  decomposition  was  directly  due  to  the  luminous  intensity, 
irrespective  of  the  nature  of  the  rays ;  that  the  orange  and  yellow 
rays  and  those  of  that  part  of  the  spectrum  are  most  efficient  merely 
because  they  are  most  luminous.  But  Deh^rain,  repeating  these 
experiments,  and  measuring  carefully  the  quantities  oi  gas  emitted, 
concludes  that  the  blue  and  violet  rays  are  not  so  effective  as  the 
yellow  and  red,  when  both  are  brought  to  the  same  intensity. 
Also  that  the  same  holds  true  of  the  evaporation  of  water  from 
foliage.  According  to  Deh6rain,  this  is  a  transpiration  rather  than 
a  simple  evajjoration,  and  is  governed  by  the  amount  of  light,  and 
even  goes  on  in  a  saturated  atmosphere.  He  confirms  an  old  obser- 
vation of  Guettard,  that  the  water  is  more  largely  exhaled  from  the 
firmer  and  denser  upper  surface  of  the  leaf, — which  would  not  have 
been  expected. 

The  movement  of  Protoplasm  atid  of  ChlorophyU  with  it,  in  the 
cells  of  leaves,  on  the  other  hand,  is  effected  only  by  the  rays  of 
the  other  end  of  the  solar  spectrum,  viz.,  the  blue  and  violet. 
This  is  shown  by  Borodine  (Acad.  St.  Petersb.),  who  has  seen 
remarkable  movements  of  the  chlorophyll-grains  in  terrestrial  plants, 
especially  in  the  leaves  of  Mniuniy  a  Moss,  confirming  an  earlier  dis- 
covery of  Famintzin.  In  diffused  light  the  grains  of  chlorophyll 
are  applied  to  the  surfaces  of  the  cells  parallel  to  the  surface  of 
the  leaf  or  other  organ :  under  direct  light  they  promptly  move 
away  to  the  side  walls,  to  return  again  when  the  light  is  dimin- 
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ished.  This  should  be  considered  in  connection  with  the  observa- 
tions, recorded  above,  that  blanched  plants  do  not  turn  green  so 
readily  under  direct  as  under  diffused  light.  Rose,  more  recently, 
concludes,  as  did  Mohl  long  ago,  that  these  movements  do  not  ori- 
ginate in  the  grains  of  chlorophyll,  but  belong  to  the  protoplasm 
in  which  they  are  imbedded. 

Leaves  illuminated  by  artificial  light  aleo  decompose  carbonic 
acid^  as  Prillieux  shows,  experimenting  by  electrical,  the  Drum- 
mond,  and  even  common  gas  light. 

Vegetation  mxxy  thrive  in  an  atmosphere  rich  in  carbonic  acid. 
This  has  been  proved  long  ago  as  to  an  air  containing  ten  per  cent 
of  this  gas.  Heri^Mangon,  as  stated  by  Dumas,  caused  a  plant 
of  Thuja  nana  to  grow  and  prosper  in  an  atmosphere  half  of  which 
was  carbonic  acid. — ^That  foliage  takes  in  carbonic  acid  freely  from 
the  surrounding  atmosphere,  and  also  from  water  in  the  case  of  sub- 
merged plants,  is  well  established. 

Is  carbonic  acid  taken  in  by  the  roots  also  f  It  was  commonly 
thought  that  the  greater  part  of  this  element  of  the  plant's  food 
was  appropriated  by  the  roots,  either  as  dissolved  in  water  or  di- 
rectly m  the  aeriform  state ;  and  it  is  difficult  to  think  otherwise  when 
we  consider  the  great  store  contained  in  every  fertile  or  artificially 
manured  soil,  within  reach  of  the  roots  of  plants,  and  that  the  air 
in  the  pores  of  such  a  soil  is  vastly  richer  in  carbonic  acid  than 
the  atmosphere  above.  Nevertheless  Oorewinder  of  Lille  thinks 
he  has  made  out  that  it  is  not  absorbed  by  the  roots,  at  least  in 
any  considerably  quantity,  but  only  becomes  available  as  it  rises 
into  the  air  and  reaches  the  foliage.  So  unlikely  a  conclusion 
needs  more  decisive  proof;  although  the  favorable  action  of  car- 
bonic acid  in  respect  to  the  solution  of  the  mineral  matters  needed 
by  the  plant  and  absorbed  by  it,  may  be  in  some  sort  independent 
of  its  own  absorption. 

Oxalic  acid,  and  especially  Oxalate  of  Lime  in  plants,  accord- 
ing to  Amo  Ae  (in  Ratisbon  Flora)  ought  not  to  be  regarded  as 
in  any  proper  sense  products  of  excretion.  They  must  play  some 
essential  part;  for  the  leaves  of  perennials  which  contam  oxalate 
of  lime  give  it  up  in  autumn  before  they  perish  to  the  parts  which 
live  over  the  winter,  and  it  passes  again  in  spring  into  the  new 
vernal  foliage. 

Nature  and  use  of  the  Latex.  Schultz-Schultzenstein,  with 
whom  our  principal  knowledge  of  the  vessels  of  the  latex  began, 
regarded  the  liquid  they  contain  (the  milky  juice,  Ac,  of  certain 
plants)  as  truly  representing  the  blood  of  animals,  and  therefore  as 
nourishing  fluid.  Treviranus  led  off  in  the  opposite  opinion,  which, 
drawing  its  strongest  arguments  from  the  fact  that  colored  juices 
are  found  only  in  a  comparatively  small  number  of  plants,  and 
that  they  largely  contain  gum-resins  and  the  like,  pronounces  this 
liquid  to  be  a  secretion  and  not  a  nourishing  sap :  this  view  was 
vigorously  maintained  by  Von  Mohl.  Tr6cul,  who  has  in  these 
last  dozen  years  done  so  much  excellent  work  in  vegetable  anatomy, 
and  especially  upon  the  latex-vessels, — and  who  discovered  their 
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inoscolation  with  or  termination  in  ducts  of  all  sorts  and  other 
elongated  cells,  and  the  penetration  of  the  colored  juices  into 
these, — regards  these  juices  as  a  kind  of  analogue  of  venous  blood, 
which,  having  done  its  work  in  the  cells,  is  conveyed  into  the  ducts 
and  thence  to  the  leaves  for  a  new  elaboration.  The  recent  German 
physiologists,  Hanstein  and  Sachs,  considering  that  latex  is  rich  in 
assimilated  matters,  especially  proteine,  fit  for  nourishment,  conclude 
that  a  part  of  it  at  least  is  employed  in  growth,  and  is  therefore 
elaborated  sap,  although  the  caoutchouc,  Ac,  in  it  may  be  excre- 
mentitious.  In  France,  Faivre,  who  has  formerly  investigated  the 
latex  of  Ficua  elastica^  has  lately  and  for  five  years  studied  that  of 
the  White  Mulberry.  He  confirms  the  last  mentioned  view ;  and 
shows  that  the  latex. of  this  tree  contains  a  large  proportion  of 
assimilable  nourishing  matter,  both  ternary  and  quaternary,  and 
that  this  matter  is  actually  used  by  the  plant  in  growth,  m  the 
way  of  an  elaborated  sap. 

Insect-aid  to  Ionization  in  plants^  and  the  arrangements  there- 
for, have  been  much  studied  of  late  by  Hildebrand  in  Germany 
and  Delpino  in  Italy.  The  former  a  few  years  ago  wrote  a  syste- 
matic treatise  on  the  subject  which  should  be  translated  into  Eng- 
lislu  In  a  later  paper  he  has  been  noticing  tlie  successive  disap- 
pearance from  the  tropics  northward  of  certain  tribes  or  groups 
of  plants  with  the  disappearance  of  the  tribes  of  insects,  or  of 
humming  birds,  <fcc.,  which  effect  their  fertilization :  Roses,  Peo- 
nies, Ac,  disappearing  with  the  larger  Coleoptera,  many  Silenes 
and  Lychnises  with  nocturnal  Lepidoptera,  until,  in  the  arctic  zone 
there  are  only  such  flowering  plants  as  are  fertilized  by  the  aid  of 
Hymenoptera,  Diptera,  and  the  wind.  Delpino,  in  analyzing  the 
Phienogamous  flora  of  Nova  Zembla,  concludes  that  of  its  124  flow- 
ering plants,  16  are  dichogamous  by  the  aid  of  Hymenoptera,  84, 
dichogamous  and  monogamous  by  aid  of  these  and  Diptera,  and 
24  are  fertilized  by  the  wind.  So  of  the  91  species  in  Spitzbergen, 
2  are  fertilized  by  Hymenoptera,  63  by  Hymenoptera  and  Diptera, 
and  26  by  the  wmd. 

FertUizoUion  in  Acrogenous  Cryptogamoua  plants,  A  valuable 
contribution  has  been  made,  by  Strasburger,  Professor  in  the  Uni- 
versity of  Warsaw.  His  papers  on  the  fertilization  of  Ferns,  <fcc., 
are  published  in  the  Memoirs  of  the  Imperial  Academy  of  St.  Pe- 
tersburgh  and  the  Bot.  Zeitung  for  1868,  and  are  reproduced  in 
French  in  the  Ann.  Sci.  Naturelles.  The  interesting  point  is,  that 
a  mucilage,  secreted  in  the  canal  of  the  archegonium  or  pistillidium 
and  discharged  from  its  orifice,  serves  to  catch  and  entangle  the  mov- 
ing spermatozoids  and  to  direct  their  course  down  to  the  cell  to 
be  fertilized, — into  which  one  or  more  of  the  spermatozoids  work 
their  way  by  their  pointed  end,  while  the  other  and  enlarged  glob- 
ular extremity  often  breaks  off  and  is  left  behind. 

JTie  if\fluence  of  stock  upon  scion  and  the  converse,  which  has 
of  late  been  much  under  consideration,  appears  to  be  well  made 
out  in  one  kind  of  case,  viz.,  in  the  propagation  from  the  one  to 
the  other  of  variegation.     The  older  ^cts  of  the  sort  are  confirmed 


Digitized  by  VjOOQ  IC 


410  Scientific  IrUeUtgenee. 

hj  some  recent  cases  which  Dr.  Masters  has  exhibited  to  the  Sci^ 
entific  Committee  of  the  Royal  Horticultural  Society ; — io  which 
the  foliage  of  the  grafts  of  one  species  Abutilon  took  on  variega* 
tion  from  the  variegated  stock  of  a  different  species ;  and  vice  verea, 
a  variegated  graft,  inserted  upon  a  green  stock,  and  after  a  time 
pinched  back,  caused  buds  of  the  stock  to  develop  with  varie* 
gated  foliage.  Moreover,  in  a  case  recorded  by  Prot  Morren,  the 
variegation  ceased  after  the  accidental  destruction  of  the  varie- 
gated graft  ;  and  it  is  said  that ''  the  mere  insertion  of  a  detached 
variegated  leaf  into  a  slit  in  the  back  of  a  green  Abutilon  was 
sufficient  to  inoculate  the  latter,  even  althou^  the  inserted  leaf 
speedily  perished."  Oard.  Chronicle^  March  6. — Cases  of  this 
kmd,  which  may  best  be  regarded  as  the  propagation  of  disease, 
bear  however  only  indirectly  upon  the  question  of  the  sharing  of 
special  qualities  between  stock  and  scion.  a,  g. 

7.  Prof,  Francis  Ungkb,  of  Vienna,  distinguished  in  Fossil 
Botany,  <fec.,  in  former  years  the  associate  of  Endlicher,  died,  in 
his  native  town  of  Gratz,  February  12th,  in  the  69th  year  of  his 
age.  It  was  at  first  reported  that  he  had  died  suddenly ;  then, 
that  he  was  found  ^'  murdered  in  his  bed."  a.  g. 

8.  On  Deep  Sea  Dredging  in  the  neighborhood  of  the  British 
Isles  in  1869: — The  Temperature^  Currents^  Life^  Waters^  and 
Gases  present  in  the  waterSy  in  the  depths  of  the  Oceans;  by  Dr. 
W.  B.  Cabpsntbb. — ^The  following  are  extracts  from  a  Lecture 
by  Dr.  Carpenter  before  the  Royal  Institution  of  Great  Britain  on 
the  11th  of  February  last.  We  omit  the  most  of  what  relates  to 
the  life  of  the  sea  bottom,  as  this  part  of  the  subject  was  presented 
by  Prof  Verrill  in  our  January  number,  at  page  129.  The  dis- 
course commences  bv  giving  the  results  of  the  three  cruises  of  the 
Porcupine — ^undertaken  to  complete  and  extend  the  investigations 
made  oy  the  "Lightning"  Expedition  of  1868.  The^r«^  cruise 
commenced  from  Galway,  and  was  directed  first  to  the  southwest, 
then  to  the  west,  and  finally  to  the  northwest  as  far  as  the  Rockall 
Bank;  the  greatest  depth  of  dredging  done  by  it  was  1476 
fathoms ;  the  second^  to  the  northern  extremity  of  the  Bay  of  Bis- 
cay, where  a  depth  2500  fathoms  was  known  to  exist,  and  dredg- 
ing was  carried  to  a  depth  of  2346  fathoms ;  the  third,  over  the 
area  between  the  north  of  Scotland  and  the  Faroe  Islands. 

*  *  *  The  following  summary  of  the  results  [with  regard 
to  temperctture]  brings  into  marked  contrast  the  conditions  of  the 
warm  and  cold  areas,  which  occupy  respectively  the  W.  S.  W.  and 
E.  N.  E.  portions  of  the  channel  between  the  north  of  Scotland 
and  the  Faroe  Islands,  and  lie  side  by  side  in  its  midst 

The  ^Mrface-temperature  may  be  said  to  be  everywhere  nearly 
the  same,  viz.,  52  ;  the  variations  above  or  below  this  being  at- 
tributable either  to  atmospheric  differences  (as  wind,  sunshine,  <fec.) 
or  to  difference  of  latitude.  Alike  in  the  warm  and  the  cold  areas 
there  was  a  fall  of  from  3®  to  4®  in  the  first  50  fathoms,  bringing 
down  the  temperature  at  that  depth  to  46^.  A  slow  descent  took 
place  nearly  at  the  same  rate  in  both  areas  through  the  next  150 
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&thom8 ;  the  temperature  in  the  warm  area  at  the  depth  of  200 
fathoms  being  47  ,  whilst  in  the  cold  it  was  46*7**.  It  is  below 
this  depth  that  the  marked  difference  shows  itsell  For  whilst  in 
the  warm  area  there  is  a  slow  and  pretty  uniform  descent  in  the 
next  400  fathoms,  amounting  to  less  than/emr  degrees  in  the  whole, 
there  is  in  the  cold  area  a  descent  oi  fifteen  degrees  in  the  next 
100  fathoms,  bringing  down  the  temperature  at  800  fathoms  to 
30*8®.  Even  this  is  not  the  lowest ;  for  the  serial  soundings  taken 
at  depths  intermediate  between  300  and  640  fathoms  (the  latter 
being  the  greatest  depth  met  with  in  the  cold  area,  midway  be- 
tween the  Faroe  and  the  Shetland  Islands)  showed  a  further  pro- 
gressive descent ;  the  lowest  bottom-temperature  met  with  being 
29*6'*.  Thus,  while  the  temperature  of  the  superficial  stratum  of 
the  water  occupying  the  cold  area  clearly  indicates  its  derivation 
from  the  same  source  as  the  general  body  of  water  occupying  the 
warm  area,  the  temperature  of  the  deeper  stratum,  which  may 
have  a  thickness  of  more  than  two  thousand  feet,  ranges  from  the 
freezing-point  of  fresh  water  to  2^**  below  it.  Between  the  two  is 
a  stratum  of  irUermiasture  of  about  100  fathoms  thickness,  which 
maiks  the  transition  between  the  warm  superficial  layer  and  the 
body  of  frigid  water  which  occupies  the  deeper  part  of  the  channeL 

The  shortest  distance,  within  which  these  two  contrasted  sub- 
marine climates  were  observed  at  corresponding  depths,  was 
about  20  miles ;  but  a  much  smaller  distance  was  sufficient  to  pro- 
duce it  when  the  denth  rapidly  changed.  Thus  near  the  southern 
border  of  the  deep  channel,  at  a  depth  of  190  fathoms,  the  bottom- 
temperature  was  48*7*' ;  while  ordy  six  miles  off,  where  the  depth 
had  increased  to  445  fathoms,  the  bottom-temperature  was  30  •!. 
In  the  first  case,  the  bottom  evidently  lay  in  the  warm  superficial 
stratum;  whilst  in  the  second  it  was  overflowed  by  the  deeper 
frigid  stream. 

It  seems  impossible  to  account  for  these  phenomena  on  any  other 
hypothesis  than  that  of  the  direct  derivation  of  this  frigid  water 
from  the  Arctic  basin.  And  this  agrees  very  well  with  other  facts 
observed  in  the  course  of  the  exploration.  Thus : — (1)  The  rapid 
descent  of  temperature  marking  the  "  stratum  of  intermixture  "  be- 
gan about  50  fathoms  nearer  the  surface  in  the  most  northerly 
portion  of  the  cold  area  examined,  than  it  did  in  the  most  southerly, 
as  might  be  expected  from  the  nearer  proximity  of  the  cold  stream 
to  its  source.  (2)  The  sand  covering  the  bottom  contains  particles 
of  volcanic  minerals,  probably  brought  down  from  Jan  Mayen  or 
Spitzbergen.  (3)  The  fauna  of  the  cold  area  has  a  decidedly  Bo- 
real type ;  many  of  the  animals  which  abound  in  it  having  been 
hitherto  found  only  on  the  shores  of  Greenland,  Iceland,  or  Spits- 
bergen. 

Although  the  temperatures  obtained  in  the  warm  area  do  not 
afford  the  same  striHng  evidence  of  the  derivation  of  its  whole 
body  of  water  from  a  southern  source,  yet  a  careful  examination  of 
its  condition  seems  fully  to  justify  such  an  inference.  For  the  wa- 
ter at  400  fathoms  in  lat.  69^°  was  only  2*4®  colder  than  water  at 
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the  same  depth  at  the  northern  border  of  the  Bay  of  Biscay,  in  a 
latitude  more  than  1 0®  to  the  south,  where  the  surface-temperature 
was  62*7° ;  and  the  approximation  of  the  two  temperatures  is  yet 
nearer  at  still  greater  depths,  the  bottom-temperature  at  767 
fathoms  at  the  tormer  station  being  41 '4°,  whilst  the  temperature 
at  750  fathoms  at  the  latter  point  was  42*6**.  Now,  as  it  may  be 
certainly  affirmed  that  the  lowest  temperature  observed  in  the 
warm  area  is  considerably  above  the  isotherm  of  its  latitude,  and 
that  this  elevation  could  not  be  maintained  against  the  cooling  in- 
fluence of  the  Arctic  stream  but  for  a  continual  supply  of  heat 
from  a  warmer  region,  the  inference  seems  inevitable  that  the  bulk 
of  the  water  in  the  warm  area  must  have  come  thither  from  the 
southwest.  The  influence  of  the  Gulf  Stream  proper  (meaning  by 
this  the  body  of  superheated  water  which  issues  through  the '  Nar- 
rows '  from  the  Gulf  of  Mexico),  if  it  reaches  this  locality  at  aU — 
which  is  very  doubtftil — could  only  aflect  the  moat  superficial  stra- 
tum ;  and  the  same  may  be  said  of  the  surface-drift  caused  by  the 
prevalence  of  southwesterly  winds,  to  which  some  have  attributed 
the  phenomena  usually  accounted  for  by  the  extension  of  the  Gulf 
Stream  to  these  regions.  And  the  presence  of  the  body  of  water 
which  lies  between  100  and  600  fathoms'  depth,  and  the  range  of 
whose  temperature  is  from  48°  to  42°,  can  scarcely  be  accounted 
for  on  any  other  hypothesis  than  that  of  a  great  general  movement 
of  Equatorial  water  toward  the  Polar  area  ;  of  which  movement 
the  Gulf  Stream  constitutes  a  peculiar  case  modified  by  local  con- 
ditions. In  like  manner,  the  Arctic  Stream,  which  underlies  the 
warm  suj)erficial  stratum  in  our  cold  area,  constitutes  a  jjeculiar 
case,  modified  by  the  local  conditions  to  be  presently  explained,  of 
a  great  general  movement  of  Polar  water  toward  the  Equatorial 
area^  which  depresses  the  temperature  of  the  deepest  parts  of  the 
great  Oceanic  basins  nearly  to  the  freezing-point. 

During  the  first  and  second  cruises  of  the  '  Porcupine,'  the  tem- 
perature of  the  eastern  border  of  the  great  North  Atlantic  basin 
was  examined  at  various  depths  between  from  64  to  2435  fathoms, 
and  in  widely  different  localities,  ranging  from  lat.  47°  to  lat.  66°. 
The  ^oWom-temperature  was  ascertained  at  thirty  stations,  and 
serial  soundings  were  taken  at  seven  stations ;  making  the  total 
number  of  observations  eighty-four.  Amongst  all  these  the  coin- 
cidence of  temperature  at  corresponding  depths  is  extraordinarily 
close;  the  chief  differences  showing  themselves  in  the  tempera- 
ture of  the  sfwrface  and  of  the  stratum  immediately  beneatn  it. 
A  decided  super-heating  is  observable  in  this  superficial  stratum, 
not  extending  to  a  depth  of  much  more  than  70  or  80  fathoms, 
and  more  considerable  at  the  southern  than  at  the  northern  sta- 
tions. Whether  this  '  super-heating '  is  entirely  due  to  the  direct 
influence  of  solar  heat,  or  depends  in  any  degree  on  an  exten- 
sion of  the  Gulf  Stream  as  far  as  the  southern  part  of  the  area 
examined,  is  a  question  which  can  only  be  resolved  by  the  determi- 
nation of  its  relative  amount  at  different  seasons.  Between  100 
and  600  fathoms,  the  rate  of  decrement  is  very  slow,  averaging 
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only  about  8®  in  the  whole,  or  three-fourths  of  a  degree  for  every 
100  fathoms ;  and  this  body  of  water  has  a  temperature  so  much 
above  the  isotherm  of  the  northern  stations,  at  which  the  observa- 
tions were  made,  as  decidedly  to  indicate  that  it  must  have  found 
its  way  thither  from  a  southern  source.  Between  600  and  760 
fathoms,  however,  the  rate  of  decrease  becomes  much  more  rapid, 
the  reduction  being  6** '4,  or  above  2°  per  100  fathoms;  while  be- 
tween 750  and  1000  fathoms  it  amounts  to  3°1,  bringing  down  the 
temperature  at  the  latter  depth  to  an  average  of  38^*6.  Beneath 
this  there  is  still  a  slow  progressive  reduction  with  increase  of 
depth,  the  temperature  falling  a  little  more  than  2°  between  1000 
and  2435  fathoms ;  so  that  at  the  last-named  depth,  the  ^atest  at 
which  it  was  ascertained,  it  was  36***5. — Thus  it  is  obvious  either 
that  the  vast  body  of  water  occupying  the  deeper  half  of  the  At- 
lantic basin  has  been  itself  derived  from  a  colder  region,  or  that 
its  temperature  has  been  reduced  by  the  diffusion  through  it  of 
frigid  water  from  a  Polar  source.  The  latter  supposition  best  ac- 
cords with  the  gradual  depression  of  temperature  exhibited  be- 
tween 600  and  1000  fathoms  which  corresponds  with  the  "  stratum 
of  intermixture "  of  the  cold  area. 

The  temperature-soundings  recently  taken  by  Commander 
Chimmo,  R.  N.,  and  Lieutenant  Johnson,  R.  N.,  at  various  points 
in  the  North  Atlantic  basin,  when  the  requisite  corrections  are  ap- 
plied for  the  influence  of  pressure  on  the  bulbs  of  the  unprotected 
thermometers  employed  by  them,  give  results  which  are  remarka- 
bly accordant  with  our  own ;  so  that  it  may  be  stated  with  confi- 
dence that  the  temperature  of  the  deeper  parts  of  the  North 
Atlantic  sea-bed  is  but  a  very  few  degrees  above  the  freezing- 
point. 

Now  a  glance  at  the  North  Polar  res^ion,  as  laid  down  either  on 
a  globe,  or  any  projection  of  which  t&e  Pole  is  the  center,  shows 
that  the  Polar  basin  is  so  much  shut  in  by  the  northern  shores  of 
the  European,  Asiatic,  and  American  continents,  that  its  only  com- 
munication with  the  North  Atlantic  basin — besides  the  circuitous 
passages  leading  into  Hudson's  and  Baflin's  Bays — is  the  space 
which  intervenes  between  the  eastern  coast  of  Greenland  and  the 
northwestern  portion  of  the  Scandinavian  peninsula.  If,  therefore, 
there  be  any  such  general  interchange  of  polar  and  equatorial 
water  as  that  for  which  we  have  areued,  the  Arctic  current  must 
flow  through  the  deeper  portions  of  ^is  interspace,  at  the  north  of 
which  lies  Spitzbergen,  whilst  Iceland  and  tne  Faroes  lie  in  the 
middle  of  its  southerly  expanse.  Now  in  the  channel  that  lies  be- 
tween Greenland  and  Iceland,  the  depth  is  such  as  to  give  a  free 
passage  to  such  a  frigid  stream;  but  between  Iceland  and  the 
Faroe  Islands  there  is  no  depth  so  great  as  300  fathoms  at  any 
part,  except  in  a  narrow  channel  at  the  southeast  comer  of  Ice- 
land ;  so  that  an  effectual  barrier  is  thus  interposed  to  any  move- 
ment of  frigid  water  at  a  depth  exceeding  this.  A  similar  barrier 
is  presented,  not  merely  by  the  plateau  on  which  the  British  Islands 
rest,  but  aUo  by  the  bed  of  the  North  sea ;  the  shallowness  of 
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idiich  mast  give  to  such  a  movement  a  not  leas  effbotual  check 
than  would  be  aiforded  by  an  actual  coast-line  uniting  the  Shetland 
Islands  and  Norway.  Consequently,  it  is  obvious  that  a  flow  of 
ice-cold  water  at  a  depth  exceeding  300  fathoms  from  the  surface, 
down  the  northeastern  portion  of  this  interspace,  am  only  find  its 
way  southward  through  the  deeper  portion  of  the  channel  between 
the  Faroe  and  Shetla^  Islands ;  which  will  turn  it  into  a  W.  S.  W. 
direction  between  the  Faroe  Islands  and  the  north  of  Scotland, 
and  finally  discharge  such  part  of  it  as  has  not  been  neutralized  by 
the  opposmg  stream  coming  up  from  the  southwest,  into  the  great 
Nortn  Atlantic  basin,  where  it  will  meet  the  Icelandic  and  Green- 
land currents,  and  unite  with  them  in  diffusing  Mgid  waters 
through  its  deeper  portion.  In  thus  spreacUng  itsdi^  however,  the 
frigid  water  will  necessarily  mingle  with  the  mass  of  wanner  water 
with  which  it  meets,  and  will  thus  have  its  own  temperature  raised, 
whilst  lowering  the  general  temperature  of  that  mass ;  and  hence 
it  is  that  we  do  not  find  the  temperature  of  even  the  greatest 
depths  of  the  Atlantic  basin  nearly  so  low  as  that  of  the  comparar 
tively  shallow  channel  which  feeds  it  with  Arctic  water. 

It  may  be  questioned,  however,  whether  the  whole  body  of  Arc- 
tic water  that  finds  its  way  through  the  channels  just  indicated, 
oould  alone  maintain  so  considerable  a  reduction  in  the  tempera- 
ture of  the  enormous  mass  which  lies  below  1000  fathoms  in  the 
Atlantic  basin ;  subject  as  this  must  be  to  continual  elevation  by 
the  surface-action  of  the  sun  on  its  southern  portion.  And  as  the 
few  reliable  observations  on  Deep-sea  Temperatures  under  the  equa- 
tor indicate  that  even  there  a  temperature  not  much  above  32^ 
prevails,  it  seems  probable  that  part  of  the  cooling  effect  is  due  to 
the  extension  of  a  flow  of  frigid  water  from  the  Antarctic  Pole,  even 
north  of  the  Tropic  of  Cancer.  Of  such  an  extension  there  is  evi- 
dence in  the  temperature-soundings  recently  taken  in  ILM.S. 
*  Hydra '  between  Aden  and  Bombay,  where  the  cooling  influ^ice 
oould  scarcely  have  been  derived  from  any  other  source  than  d» 
Antarctic  area.* 

The  unrestricted  communication  which  exists  between  the  Ant- 
arctic area  and  the  great  Southern  Ocean-basins  would  involve,  if 
the  doctrine  of  a  general  Oceanic  circulation  be  admitted,  a  mudi 
more  considerable  interchange  of  waters  between  the  Antarctic 
and  Equatorial  areas,  than  is  possible  in  the  Northern  hemisphere. 
And  of  such  a  free  interchange  there  seems  adequate  evia^ice; 
for  it  is  well  Imown  to  navigators  that  there  is  a  perceptible  *  set ' 
of  warm  sarface-water  in  all  the  southern  oceans  toward  the  Ant- 
arctic Pole ;  this  ^  set '  being  so  decided  in  one  part  of  the  Southem 
Indian  Ocean,  as  to  be  compared  by  Oapt.  Maury  to  the  Gulf 
Stream  of  the  North  Atlantic!    Conversely,  it  would  appear  from 

*The  lowest  temperature  ackiaUy  observed  in  these  soundings  was  36^^^.  The 
temperature  of  33^^  given  in  the  previous  disooursei  ae  escusting  below  1800 
fathoms,  proves  to  have  been  only  an  eetmata  formed  by  CSaptain  ShortlaQd  under 
the  idea  that  the  rate  of  reduction  observed  at  smaller  depths  would  oontinne 
uniform  to  the  bottom,  which  the  aerial  soundings  of  the  *  Porcupine  *  prove  to  be 
by  no  means  the  case. 

t '  Physical  Geography  of  the  Sea,'  g§  14»-n60. 
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the  application  of  the  necessary  pressure-correction  to  the  temperar 
tares  taken  in  Sir  James  Ross's  Antarctic  expedition,  the  voyage 
of  the  ^  Venus,'  Ac,  at  depths  greater  than  1000  fathoms,  that  the 
bottom-temperature  of  the  deepest  parts  of  the  Southern  Oceanic 
basin  really  approaches  the  f^zing-point,  or  is  even  below  it 
And  if  the  temperature  of  the  deeper  portion  of  the  North  Pacific 
Ocean  should  be  found  to  exhibit  a  depression  at  all  corresponding 
to  that  of  the  North  Atlantic,  it  must  oe  attributed  entirely  to  the 
extension  of  this  Antarctic  flow;  since  the  depth  of  Behring's 
Strait,  as  well  as  its  breadth,  is  so  small  as  to  permit  no  body  of 
Arctic  water  to  issue  through  that  channeLf      ♦      ♦      ♦      ♦ 

The  Ihraminifera  collected  in  the  *  Porcupine '  expedition  pre- 
sent features  of  no  less  interest,  though  their  scale  is  so  much 
smaller.  The  enormous  mass  of  Globigerina^mud  (sometimes  al- 
most pure,  sometimes  mixed  with  sand)  that  everywhere  covers 
the  deep-sea  bottom  in  the  region  explored,  save  where  its  temper^ 
ature  is  reduced  nearly  to  the  freezinff-point,  may  be  jud^ea  of 
from  the  fact  that  in. one  instance  the  dredge  brought  up  Aa{^  a 
ton  of  it  from  a  depth  of  767  fathoms.  The  resemblance  of  this 
deposit  to  chalk  is  greatly  strengthened  by  the  recognition  of  sev- 
eral characteristiciJly  Cretaceous  types  among  the  Foraminifera 
scattered  through  the  mass  of  GloKgerincB  of  which  it  is  princi- 
pally composed ;  as  also  that  of  JSjanthidiay  frequently  preserved 
m  flints,  r^ot  many  absolute  novelties  presented  tnemselves  amomg 
the  foraminifera  that  form  true  calcareous  sheUe;  the  chief  point 
of  interest  being  the  occurrence  of  certain  types  of  high  organi- 
zation at  great  depths,  and  their  attainment  or  a  size  that  is  only 
paralleled  in  much  warmer  latitudes,  or  in  t^e  Tertiary  or  yet  older 
formations.  This  is  especially  the  case  with  the  OristeUarian 
group,  which  has  a  long  geological  range ;  and  also  with  the  MU- 
fo/tms,  of  which  specimens  of  unprecedented  size  presented  them- 
selves. The  most  interesting  noveltv  was  a  beautiful  OrintolU^ 
which,  when  complete,  must  have  haa  the  diameter  of  a  sixpence, 
but  which,  from  its  extreme  tenuity,  always  broke  in  the  process 
of  collection. — Of  arenaceous  Foraminifera,  however,  which  con- 
struct te^  by  cementing  together  sand-grains,  instead  of  produc- 
ing shells,  the  number  of  new  types  is  such  as  to  seriot»ly  tax 
our  power  of  inventing  appropriate  generic  names.  Many  of  these 
types  have  a  remarkable  resemblance  to  forms  previously  known 
in  the  Chalk,  the  nature  of  which  had  not  been  recognized.  Some 
of  them  throw  an  important  light  on  tJie  structure  of  two  gigantic 
arenaceous  types  from  the  ^^^  green-sand,  recently  described 
by  the  speaker  and  Mr.  H.  B.  Bradv,  an  account  of  which  will 
appear  in  the  forthcoming  part  of  the  ^Philosophical  Transactions ;' 

t  This  statement  is  not  in  aooordanoe  with  the  observations  hitherto  made  on  the 
temperatoieB  of  the  ocean  along  the  Asiatic  coast  of  the  Padflc  and  the  distribution 
of  oceanic  UfB ;  for  these  indicate  a  north  Polar  current  as  dedded  as  tiiat  of  the 
lAtiantia  See  the  iso^rmal  chart  of  the  oceans  bi  Dana's  Report  on  Orustaoea, 
and  m  this  Journal,  II,  vol  xvi,  1863,  and  also  his  Manual  of  Ctooloffy.  The  ob- 
servations on  the  animal  life  of  the  coast,  made  by  W.  Stimpson,  in  the  Ringgold 
Szpedition,  are  confirmatoty  evHience  on  this  point — J.  D.  D. 


Digitized  by  VjOOQ  IC 


416  Scientific  Intelligence. 

and  there  is  one  which  can  certainly  be  identified  with,  a  form 
lately  discovered  by  Mr.  BL  B.  Brady  in  a  clay-bed  of  the  Carbon- 
iferous limestone. 

The  question  now  arises,  whether — as  there  must  have  been 
deep  seas  in  all  geological  periods,  and  as  the  changes  which  mod- 
ified the  climate  and  depth  of  the  sea-bottom  were  for  the  most 
part  very  gradual — we  may  not  carry  back  the  continuity  of  the 
accumulation  of  Globigerina-mud  on  some  part  or  other  of  the 
ocean-bed  into  geological  epochs  still  more  remote ;  and  whether 
it  has  not  had  the  same  large  share  in  the  production  of  the  earlier 
calcareous  deposits  that  it  has  undoubtedly  had  in  that  of  the 
later.  The  Foraminiferal  origin  of  certain  beds  of  the  Carbonife- 
rous limestone,  for  example,  appears  to  be  indicated  by  the  pres- 
ence of  GlobigerincB,  long  since  observed  by  Professor  rhillips  in 
sections  of  them,  as  well  as  bv  the  fact  just  stated.  The  sub-crys- 
talline character  of  these  rocts  cannot  be  regarded  as  in  any  way 
antagonistic  to  such  an  idea  of  their  origin,  since  it  is  perfectly 
well  known  that  all  traces  of  the  organic  origin  of  calcareous 
rocks  may  be  completely  removed  by  subsequent  metamorphism, 
— as  in  the  Chalk  of  the  Antrim  coast. 

What  is  the  source  of  ntUriment  for  the  vast  mass  of  animal 
life  covering  the  abyssal  sea-bed  is  a  question  of  the  greatest  bi- 
ological interest  That  animals  have  no  power  in  themselves  of 
generating  the  organic  compounds  which  serve  as  the  materials  of 
their  bodies— and  that  the  production  of  these  materials  from  the 
carbonic  acid^  water,  and  ammonia  of  the  Inorganic  world,  under 
the  influence  of  light,  is  the  special  attribute  of  vegetation — ^is  a 
doctrine  so  generally  accepted,  that  to  call  it  in  question  would 
be  esteemed  a  physiological  heresy.  There  is  no  difficulty  in 
accounting  for  the  alimentation  of  the  higher  animal  types,  with 
such  an  unlimited  supply  of  food  as  is  afforded  by  the  Globigerinm 
and  the  Sponges  in  the  midst  of  which  thev  live,  and  on  which 
many  of  them  are  known  to  feed.  Given  the  Ihrotozoay  everything 
else  IS  explicable.  But  the  question  returns, — On  what  do  these 
Protozoa  live  ? 

The  hypothesis  has  been  advanced  that  the  food  of  the  abyssal 
Protozoa  is  derived  from  Diatoms  and  other  forms  of  mmute 
plants,  which,  ordinarily  living  at  or  near  the  surface,  may,  by 
subsiding  to  the  depths,  carry  down  to  the  animals  of  the  sea-bed 
the  supplies  they  require.  Our  examination  of  the  surface-waters, 
however,  has  afforded  no  evidence  of  the  existence  of  such  micro- 
phytic  vegetation  in  quantity  at  all  sufficient  to  supply  the  vast 
demand ;  and  the  most  careful  search  in  the  Globigenna-mud  has 
failed  to  bring  to  light  more  than  a  very  small  number  of  speci- 
mens of  these  siliceous  envelopes  of  Diatoms,  which  would  most 
assuredly  have  revealed  themselves  in  abundance,  had  these  pro- 
tophytes  served  as  a  principal  component  of  the  food  of  the 
Protozoa  that  have  their  dwelling-place  on  the  sea-bed. — Another 
hypothesis  has  been  suggested,  that  these  Protozoa^  which  are  so 
near  the  borders  of  the  vegetable  kingdom,  may  be  able,  like 
plants,  to  generate  organic  compounds  lor  themselves — ^manu&o- 
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truing  their  own  food,  so  to  speak,  from  inorganic  materials.  But 
it  is  scarcely  conceivable  that  they  should  do  this  without  the 
agency  of  light ;  and,  as  it  is  obviously  the  want  of  that  agency 
Tndch  excludes  the  possibility  of  vegetation  in  the  abysses  of  the 
ocean,  the  same  denciency  would  prevent  animals  from  carrying 
on  the  like  process. 

A  possible  solution  of  this  difficulty,  offered  by  Prof  Wyville 
Thomson  in  a  lecture  delivered  last  spring,  has  received  so  remark- 
able a  confirmation  from  the  researches  made  in  the  '  Porcupine ' 
expedition,  that  it  may  now  be  put  forth  with  considerable  confi- 
dence. It  is,  he  remarked,  the  distinctive  character  of  the  Proto- 
zoa^ that ''  they  have  no  special  organs  of  nutrition,  but  that  they 
absorb  water  through  the  whole  surface  of  their  jelly-like  bodies. 
Most  of  these  animals  secrete  exquisitely-formed  skeletons,  some- 
times of  lime,  sometimes  of  silica.  There  is  no  doubt  that  they 
extract  both  of  these  substances  from  the  sea-water,  although  silica 
often  exists  there  in  quantity  so  small  as  to  elude  detection  by 
chemical  tests.  All  sea-water  contains  a  certain  amount  of  orgamc 
matter  in  solution.  Its  sources  are  obvious.  All  rivers  contain  a 
large  quantity ;  every  shore  is  surrounded  by  a  fringe,  which  av- 
erages about  a  mile  in  width,  of  olive  and  red  sea-weeds ;  in  the 
middle  of  the  Atlantic  there  is  a  marine  meadow,  the  Sargasso 
Sea,  extending  over  3,000,000  of  square  miles ;  the  sea  is  frdl  of 
animals  which  are  constantly  dying  and  decaying ;  and  the  water 
of  the  Gulf  Stream,  especially,  courses  around  coasts  where  the 
supply  of  organic  matter  is  enormous.  It  is,  ther^ore,  quite  in- 
telli^ble  that  a  world  of  animals  should  live  in  these  dark  abysses : 
but  It  is  a  necessary  condition  that  they  should  chiefly  belong  to 
a  class  capable  of  oeing  supported  by  absorption  through  the  sur- 
&ce  of  matter  in  solution;  developing  but  little  heat,  and  incui^ 
linff  a  very  small  amount  of  waste  by  any  manifestation  of  vital 
activity.  According  to  this  view,  it  seems  highly  probable  that 
at  all  periods  of  the  earth's  history  some  form  of  the  Protozoa — 
Rhizopods,  Sponges,  or  both— -preaominated  over  all  other  forms 
of  animal  life  in  the  depths  of  the  sea ;  whether  spreadi^,  com- 
pact, and  reef-like,  as  in  the  Laurentian  and  Pal»ozoic  M>zodn; 
or  in  the  forms  of  myriads  of  separate  organisms,  as  in  the  Globi- 
gerinoB  and  Ventrtculites  of  the  Chalf  * 

During  each  cruise  of  the  ^  Porcupine,'  samples  of  sea-water  ob- 
tained from  various  depths,  as  well  as  from  the  surface,  at  stations 
fiir  removed  from  land,  were  submitted  to  the  permanganate  test, 
after  the  method  of  Prof  W.  A.  Miller,  with  an  addition  suggested 
by  Dr.  Angus  Smith  for  the  purpose  of  distinguishing  the  organic 
matter  in  a  state  of  decomposition  from  that  which  is  only  decom- 
posable; with  the  result  of  showing  the  unifoim  presence  of  an 
appreciable  quantity  of  matter  of  the  latter  kind,  which,  not  hav- 
ing passed  into  a  state  of  decomposition,  may  be  ossimikMe  as 

•  **  The  Depths  of  the  Sea,"  a  Lecture  delivered  in  the  theatre  of  the  BotbI  Bub- 
liii  Sodety,  April  10,  1869. 
Am.  Joub.  80I.-8BOOND  Smuss,  Vol.  XLIX,  No.  147.~Mat,  1870. 
96 
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food  by  animals, — ^being,  in  fact,  protoplasm  in  a  8tat«  of  extreme 
dilution.  And  the  careM  analyses  of  larger  quantities  colleeted 
during  the  third  cruise,  which  have  been  smce  made  by  Dr.  Frank- 
land,  have  fully  confirmed  these  results,  by  demonstrating  the 
highly  azotizea  character  of  this  organic  matter,  which  presents 
itself  in  samples  of  sea-water  taken  up  at  from  500  to  750  fathoms 
depth,  in  such  a  proportion  that  its  universal  difiiision  through  the 
oceanic  waters  may  oe  safely  predicated. 

Until,  therefore,  any  other  more  probable  hypothesis  shall  have 
been  proposed,  the  sustenance  of  animal  life  on  the  ocean-bottom 
at  any  depth  may  be  fairly  accounted  for  on  the  supposition  of 
Prof  WyVille  Thomson,  that  the  Protozoic  portion  of  that  fauna  is 
nourished  by  the  direct  absorption  from  the  dilute  protoplasm  dif- 
fused through  the  whole  mass  of  oceanic  waters,  just  as  it  draws 
from  the  same  mass  the  mineral  ingredients  of  the  skeletons  it 
forms.  This  diffused  protoplasm,  however,  must  be  continually 
undergoing  decomposition,  and  must  be  as  continually  renewed; 
and  the  source  of  that  renewal  must  lie  on  the  9urf(ice4ife  of  plants 
and  animals,  by  which  (as  pointed  out  by  Prof  Wyville  Thomson) 
fresh  supplies  of  organic  matter  must  be  continually  imparted  to 
the  oceanic  waters,  being  carried  down  even  to  their  greatest 
depths  by  that  liquid  dlffuHon  which  was  so  admirably  investi- 
gated by  the  late  ^ofessor  Graham. 

Not  only,  however,  has  the  nutrition  of  the  abyssal  fauna  to  be 
explained;  its  respiration  also  has  to  be  accounted  for;  and  on 
this  process  also  the  results  of  the  analyses  of  the  gases  of  the 
sea-water  made  durine  the  *  Porcupine'  expedition  throw  very  im- 
portant light.  Samples  were  collected  not  only  at  the  surface, 
under  a  great  variety  of  circumstances,  but  also  frx>m  great 
depths ;  and  the  gases  expelled  by  boiling  were  subjected  to  anid- 
ysis  according  to  the  metnod  of  rrot  Wl  A.  Miller — ^the  adapta- 
tion of  his  apparatus  to  the  exigencies  of  ship-board  having  been 
successfully  accomplished  during  the  first  cruise  by  Mr.  W.  L.  Car- 
penter. The  general  average  of  thirty  analyses  of  surface-water 
gives  the  following  as  the  percentage  proportions: — ^25*1  oxygen, 
54*2  nitrogen,  20*7  carbonic  acid.  This  proportion,  however,  was 
subiect  to  great  variations,  as  will  presently  oe  shown.  As  a  gen- 
eral rule,  the  proportion  of  oxygen  was  found  to  diminish,  and 
that  of  carbonic  acid  to  increase,  with  the  depth :  the  results  of 
analyses  of  intermediate  waters  giving  a  percentage  of  22*0  oxy- 
gen, 52*6  nitrogen,  and  26*2  carbonic  acid;  while  the  results  of 
analyses  of  6o^>m-waters  gave  19*5  oxygen,  52*6  nitrogen,  and 
27*9  carbonic  acid.  But  ^o^^om^water  at  a  comparatively  small 
depth  often  contained  as  much  carbonic  acid  and  as  little  oxygen 
as  intermediate  water  at  much  greater  depths;  and  the  proportion 
{^  carbonic  add  to  oxygen  in  ^o^lom^water  was  found  to  bear  a 
much  closer  relation  to  the  abundance  of  animal  life  (especially  of 
the  more  elevated  types),  as  shown  by  the  dredge,  than  to  its 
depth.  This  was  very  strikingly  shown  in  an  instance  in  whicb 
analyses  were  made  of  the  gases  contained  in  samples  of  water 
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collected  at  every  50  fathoms,  from  400  fathoms  to  the  bottom  at 
862  fiathoms,  the  percentage  results  being  as  follows : 

IBOfftth.  SOOfftth.  Bottom.  86  ftith. 
Oxygen        -        -         18-8               178  172 

Nitrogen  -        -        •    49*3  48-5  84.6 

Carbonic  add        -         31-9  33*7  48*3 

The  extraordmarily  augmented  percentage  of  carbonic  acid  in 
the  stratum  of  water  here  immediately  overlying  the  sea^bed  was 
accompanied  by  a  great  abundance  of  animal  li&  On  the  oth^ 
hand,  the  lowest  percentage  of  carbonic  acid  found  in  bottom-water 
— y\z:  7*9 — was  accompanied  by  a  "very  bad  haul"  In  several 
cases  in  which  the  depths  were  nearly  the  same,  the  analyst  vent- 
ured a  prediction  as  to  the  abundance,  or  otherwise,  of  ammal  life, 
from  the  proportion  of  carbonic  acid  in  the  bottom-water ;  and  his 
prediction  proved  in  every  instance  correct. 

It  would  appear,  therefore,  that  the  increase  in  the  proportion 
of  carbonic  acid,  and  the  diminution  in  that  of  the  oxygen,  in  the 
abyssal  waters  of  the  ocean,  is  due  to  the  respiratory  process,  which 
is  no  less  a  necessary  condition  of  the  existence  of  animal  life  on 
the  sea-bed,  than  is  the  presence  of  food-material  for  its  sustenance. 
And  it  is  fiirther  obvious  that  the  continued  consumption  of  oxy- 
gen and  liberation  of  carbonic  acid  would  soon  render  the  stratum 
of  water  immediately  above  the  bottom  completely  irrespirable — 
in  the  absence  of  any  antagonistic  process  of  vegetation — ^were  it 
not  for  the  upward  diffusion  of  the  carbonic  acid  through  tiie  in- 
termediate waters  to  the  tfwrfaoe^  and  the  downwa/rd  diffusion  of 
oxygen  yVom  the  surface  to  tiie  depths  below.  A  continual  inters 
change  will  take  place  ait  the  surfiace  between  the  gases  of  the  sea- 
water  and  those  of  the  atmosphere ;  and  thus  the  res|)iration  of 
the  abyssal  fauna  is  provided  for  by  a  process  of  diffusion,  which 
may  have  to  operate  through  three  milee  or  more  of  intervening 
water. 

The  varying  proportions  of  carbonic  acid  and  oxygen  in  the  atir> 
/ac6-waters  are  doubtless  to  be  accounted  for  in  part  hj  the  difibr- 
ences  in  the  amount  and  character  of  the  animal  life  existing 
beneath ;  but  a  comparison  of  the  results  of  the  analyses  made 
during  the  agitation  of  the  sur&ce  by  wind,  with  those  made  in 
calm  weather,  showed  so  decided  a  reduction  in  the  proportion  of 
carbonic  acid,  with  an  increase  in  that  of  oxygen,  under  the  former 
condition,  as  almost  unequivocally  to  indicate  that  superficial  dis- 
turbance of  the  sea  by  atmospheric  movement  is  absomtely  neces- 
sary for  its  purification  fit)m  the  noxious  effects  of  animal  decom- 
position. Of  this  view  a  most  unexpected  and  remarkable  con- 
firmation has  been  afforded  by  the  following  circumstance : — In 
one  of  the  analyses  of  surface-water  made  during  the  second  cruisey 
the  percentage  of  carbonic  acid  fell  as  low  as  8*3,  while  that  of 
oxygen  rose  as  high  as  37*1 ;  and  in  a  like  analysis  made  during 
the  third  cmise,  the  percentage  of  carbonic  acid  was  6*6 ;  while 
that  of  oxygen  was  45*3.  As  the  results  of  every  other  analysis 
of  surface-water  were  in  marked  contrast  to  these,  it  became  a 
question  whether  they  should  not  be  thrown  out  as  erroneous; 
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until  it  was  recollected  that,  while  the  samples  of  surface  water 
had  been  generally  taken  up  from  the  bow  oi  the  vessel,  they  had 
been  drawn  in  these  two  instances  from  abaft  thepaddleSy  and  had 
thus  been  subjected  to  such  a  violent  agitation  in  contact  with  the 
atmosphere,  as  would  predminentlv  favor  their  thorough  aeration. 

Hence,  then,  it  may  be  affirmed  that  every  disturbance  of  the 
ocean-surface  by  atmospheric  movement,  from  the  gentlest  ripple 
to  the  most  tremendous  storm-wave,  contributes,  in  proportion  to 
its  amount,  to  the  maintenance  of  animal  life  in  its  abyssal  depths 
—doing,  in  fact,  for  the  aeration  of  the  fluids  of  their  inhabitants, 
just  what  is  done  by  the  heavine  and  falling  of  our  own  chests  for 
the  aeration  of  the  blood  which  courses  &ough  our  lungs.  A 
perpetual  calm  would  be  as  fatal  to  their  continued  existence,  as 
the  forcible  stoppage  of  all  respiratory  movement  would  be  to  our 
own.  And  thus  universal  stagnation  would  become  universal 
death.        ♦        ♦        ♦ 

In  conclusion,  he  referred  to  the  systematic  and  energetic  prose- 
cution of  deep-sea  explorations  by  the  United  States  Coast  Survey 
and  bv  the  Swedish  Government — ^the  results  of  which  appear  to  he 
singularly  accordant  with  those  now  briefly  expounded, — as  show- 
ine  that  other  maritime  powers  are  stronglv  interested  in  the 
sumect  j  and  expressed  the  earnest  hope  that  the  liberal  assistance 
of  H.  M.  Government,  which  has  alreiMiy  enabled  British  Natural- 
ists to  obtain  the  lead  in  this  inquiry,  would  be  so  continued  as 
to  enable  them  to  keep  it  in  the  future.  In  particular,  he  called 
attention  to  the  suggestion  lately  thrown  out  by  M.  Alex.  Agassiz, 
tiiat  an  arrangement  might  be  made  by  our  own  Admiralty  with 
the  Naval  authorities  of  the  United  States ;  by  which  a  thorough 
survey,  physical  and  biological,  of  the  North  Atlantic  should  be 
divided  Detween  the  two  countries ;  so  that  British  and  American 
explorers,  prosecuting  in  a  spirit  of  generous  rivalry  labors  most 
important  to  the  science  of  the  future,  might  meet  and  shake  hands 
on  the  mid-ocean. 

9.  Secretion  of  Sulphuric  acid  by  certain  Gasteropods. — ^During 
the  autumn  of  1858,  Professor  Tboschbl  succeeded  in  obtaining 
in  Messina  two  specimens  of  the  gigantic  gasteropod  DoHtun  gar 
lea  Lk.,  intending  to  remove  the  animal  from  its  shell  for  preser- 
vation. One  of  the  moUusks  threw  out  its  enormous  proboscis  to 
defend  itself,  and  M.  Troschel  seized  it  for  examination;  when 
immediately  there  was  projected  from  this  proboscis  a  drop  of  a 
limpid  liqmd  which,  falling  upon  the  marble  pavement  of  the  room, 
produced,  much  to  his  astonishment,  an  active  effervescence.  He 
succeeded  in  collecting  a  portion  of  this  liquid,  and  in  proving  it 
to  be  a  secretion  of  the  salivary  gland.  A  few  months  later,  ttm 
saliva  was  analyzed  by  Dr.  JBcraeker  of  Bonn,  who  found  in  it 
free  sulphuric  acid. 

Shortly  after,  MM.  Quoy  and  Gaimard,  having  discovered  in 
the  genus  Caseie^  a  gland  analogous  to  that  of  the  Dolium^  suff- 
gMted  that  possibly  these  gasteropods  also  secreted  a  similar  fluid, 
using  it  perhaps  as  a  means  of  defense,  but  also  to  aid  them  in 
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perforating  bivalve  shells.  The  Dolium  saliva  was  subsequently 
analyzed  by  W.  Preyer,  and  Eeferstein  published  a  description  of 
thesland. 

This  was  the  state  of  the  question  when  Professor  Panceri — 
whose  paper  has  just  been  published  in  the  Memoirs  of  the  Royal 
Academy  of  Naples— undertook  its  investigation.  He  associated 
Professor  de  Luca  with  him  in  the  work,  and  to  him  we  are  indebt- 
ed for  new  analyses  of  this  remarkable  secretion.  These  analyses 
were  comparative,  made  upon  the  saliva  of  two  similar  individuals. 
The  liquid  was  colorless,  and  slightly  opaline  from  the  presence  of 
a  snlpho-nitrogenous  orcanic  substance  precipitable  by  alcohol. 
Its  density  was  1*025  in  (I)  and  1*030  in  (II).    The  analysis  gave: 

I.  II. 

Free  sulphuric  acid,        .        .         .         .        3*42  3*30 

Combined  sulphuric  acid,        .        .  0*20  0*15 

Combined  chlorhydric  acid,   .         .         .        0*58  0*60 

Potassa,  soda,  magnesia,  oxyd  of  iron,  phos- 

Wphates,  organic  matter  and  loss, .        .        1*80  2*35 

ater, 94-00  93  60 


10000  100*00 

The  mollusks,  their  shells,  and  their  glands  were  separately 
weighed,  with  results  as  follows : — 

I.  II, 

Mollusks,        ....     1305  grams.  520  grams. 

SheUs, 550      "  255      " 

Glands, 150      "  80      « 

2005      «  856       " 

Hence  the  glands  constitute  from  7  to  9  per  cent  of  the  total 
weight  of  the  animal. 

Moreover,  M.  Panceri  found  that  on  laying  open  the  secretory 
gland  of  a  Dolium^  there  was  evolved,  within  a  few  moments,  a 
considerable  (|uantity  of  gas,  which,  on  examination,  proved  to  be 
pure  carbonic  acii  One  ^land,  weighing  approximately  45 
^rams,  yielded  206  cubic  centimeters  of  Uiis  gas.  As  to  the  secre- 
tion of  so  acid  a  fluid  from  the  alkaline  blood  of  the  moUusk,  this 
cannot  surprise  us,  since  it  is  entirely  analogous  to  the  secretion 
of  an  acid  gastric  juice  from  a  similarly  alkaline  blood  in  the 
higher  animals. 

The  following  list  comprises  those  species  of  mollnsks  which,  like 
the  Dolium  galeae  secrete  an  acid  saliva : — 

Pbosobbanchs.  Opisthobranchs. 

Cassis  sulcosa  Lk.  PUurobranchidium  Meckdii  Leuo. 

Tritonium  nodiferum  Lk.  Pleurobranchus  tuherculatus  Meek. 
"  hirsutum  Fab.  CoL  "      testitudinarifis  Cautr.  , 

^^  ctU€ieeum{cretaceumf)'Lk.      "      brevi/rons  F\nL 

**  corrugatum  Lk.  Doris   

Cassidaria  echinophora  Lk. 
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No  trace  of  such  a  Beoietion  has  been  detected  in  the  genera  Cari- 
naria,  Firola,  Phyllirofi  or  in  any  of  the  numerous  perforating  Aoeph- 
ala,  such  as  the  I^holas. 

After  describing  minutely  the  anatomy  of  the  secretinff  organ, 
in  both  the  above  divisions  of  gasteropods,  M.  Panceri  closes  his 
paper  with  some  remarks  upon  the  origin  and  function  of  this 
unique  secretion.  Has  the  sulphuric  acid  its  origin  in  the  oxyda- 
tion  of  the  sulphur  of  the  alouminoid  tissues,  or  does  it  result 
from  a  decomposition  of  the  sulphates  found  in  sea-water?  M. 
Panceri  is  inchned  to  the  latter  hypothesis,  since,  as  is  well  known, 
the  circulatory  system  of  the  gasteropods  is  so  arranged  at  the 
extremity  of  the  body  as  to  permit  the  water  in  which  they  live 
to  enter  the  blood  in  small  quantity.  With  regard  to  the  role 
played  by  the  acid  in  this  secretion,  M.  Panceri  considers  it  use- 
nil  solely  for  defense ;  the  habits  of  the  gasteropods  studied  by 
him  forbidding  the  hypothesis  that  it  is  used  to  perforate  hard 
bodies.  Two  views  may  be  taken  of  the  decomposition  which 
produced  this  acid:  1st,  it  may  take  place  solely  for  the  purpose 
of  obtaining  the  acid,  in  which  case  the  secretion  and  emission 
will  be  but  secondary  and  intermittent ;  or  2d,  its  production  may 
be  regular  and  continuous,  the  sulphuric  acid  like  urea  for  exam- 
ple, being  an  effete  product  resulting  from  the  normal  chemical 
changes  taking  pla(^  in  the  body. — Zee  MondeSy  U,  xxii,  451, 
March  10,  1870. 

10.  On  the  diecovery  of  the  sensitivenees  to  light  possessed  by 
Unios;  by  William  Sharswood. — In  the  March  number  of  this 
Journal  for  1869,  p.  280,  Pro£  C.  A.  White  has  published  an  arti- 
cle under  the  caption  "Are  Unios  sensitive  to  light?"  in  which  he 
has  recited  some  experiments  by  which  he  had  bBen  led  to  justly 
believe  "  that  no  doubt  is  entertained  that  the  posterior  poftion  of 
this  moUusk  is  keenly  sensitive  to  light,  but  exactly  what  organs 
are  thus  sensitive  has  not  been  ascertained."  In  the  May  number 
of  this  Journal  for  1860,  another  article  on  this  subject  is  pre- 
sented over  the  caption  "  Are  Unios  sensitive  to  light  t  by  Isaac 
Lea,"  in  which  are  brought  out  Dr.  Lea's  prior  observations  estab- 
lishmg  the  same  fact ;  referring  to  the  Proceedings  of  the  Academj^ 
of  Natural  Sciences  of  Philadelphia,  for  1857,  to  substantiate  his 
claim,  and  to  a  subsequent  pubhcation  in  the  Introduction  to  voL 
vi  of  his  "  Observations  on  the  Genus  Unio."  Now  the  fact  is 
that  Mr.  Lea  was  anticipated,  by  fourteen  or  fifteen  TOars,  in  a  few 
lines,  byProf  S.  S.  Haldeman,  in  his  "  Fresh-water  Univalve  Mol- 
lusca,"  PhysadsB,  January,  1843,  p.  8,  where  he  says,  *'  In  the  other 
fresh-water  families  described  in  this  work,  the  power  of  vision,  or 
sensitiveness  to  the  action  of  light,  is  rendered  evident  by  inter- 
cepting it  with  an  opaque  object,  when  they  instantly  retract; 
and  I  have  even  observed  the  protruded  branchial  canal  of  Unio 
radicUus  (Gmelin)  to  be  suddenly  withdrawn,  when  subjected  to 
the«ame  experiment."  The  following  is  another  statement  on  the 
subject  by  tte  same  author,  published  in  the  Iconographic  Ency- 
clopedia, Zoology,  p.  69.  (New  York,  1860).    "The  extremity  [of 
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the  siphons  in  Uniol  scarcely  extends  beyond  the  shell ;  it  is  pap- 
illate,  and  provided  with  eyes  which  have  the  power  of  distin- 
goisbing  light  from  darkness,  as  the  siphons  are  suddenly  with- 
drawn, when  a  shadow  is  cast  npon  them.'' 
Philadelphia,  24th  and  Sharawood  Sts.,  March  9,  1870. 

1 1.  Report  on  the  Invertebrata  o/Masscushusetts^  published  agree- 
ably to  an  order  of  the  Legislature.  Second  edition,  comprising 
the  Mollusca ;  by  Augustus  A.  Gould,  M.D.,  edited  by  W.  G, 
BiNNBY.  Boston,  1870. — Like  most  revisions  of  antiquated 
works,  this  is  a  somewhat  unsatisfactory  book.  The  difficulties 
have  even  been  much  greater  than  usual,  in  this  instance,  on  ac- 
count of  the  death  of  the  author  at  a  time  when  the  revision  of  the 
original  work  was  in  a  verv  unsatisfactory  and  unfinished  condi- 
tion, which  necessarily  made  the  task  of  the  editor  laborious  and 
the  resultino:  work  quite  different,  probably,  from  what  either  the 
author  or  editor  would  have  personally  wished. 

The  typography  and  illustrations  of  the  book  are  excellent  and 
do  credit  both  to  the  State  and  the  editor,  as  well  as  to  the  artists. 
The  wood-cuts,  of  which  there  are  406,  have  nearly  all  been  drawn 
from  nature  by  Mr.  E.  S.  Morse,  whose  rare  artistic  talent  and 
thorough  knowledge  of  the  subject  have  enabled  him  to  produce 
figures  that  are  unequaled  in  accuracy.  The  drawings  have  been 
most  faithfully  reproduced  by  the  engraver,  Mr.  Henry  Marsh, 
whose  skill  contributed  so  largely  to  the  value  of  Harris'  Report 
on  Insects.  The  accuracy  and  beauty  of  the  cuts  makes  us  regret 
that  a  portion  of  the  labor  had  not  been  expended  upon  the  hinges 
and  interior  parts  of  the  bivalves,  lingual  dentition  and  opercula  of 
the  Gasteropods,  and  other  parts,  which  are  of  far  greater  import 
tance  than  mere  external  views,  no  matter  how  accurate. 

The*twelve  plates  are,  with  one  exception,  printed  in  colors  and 
illustrate  well  the  Nudibranchs,  Ascidians,  Cephalopods  and  some 
of  the  Pteropods.  The  Bryozoa  and  all  the  Kadiates  and  Articu- 
lates are  omitted  from  this  edition,  which  was  undoubtedly  the 
wisest  course,  for  these  groups,  which  were  extremely  imperfectly 
represented  in  the  first  edition,  have  now  been  so  numerously  col- 
lected and  become  so  well  known  that  at  least  another  volume,  the 
size  of  the  present,  would  be  required  to  do  them  any  justice.  The 
greatest  improvement  upon  the  text  of  the  first  edition  is  the  part 
relating  to  the  Nudibranchs,  which  was  elaborated  by  Dr.  Gould 
some  time  before  his  death.  Several  species  not  before  described 
or  noticed  are  introduced,  and  all  the  species  are  well  described 
and  illustrated  with  colored  figures.  The  Ascidians,  which  were 
very  briefly  and  imperfectly  treated  in  the  first  edition,  now  oc- 
cupy 27  pages,  and  include  20  nominal  species.  Dr.  Gould  had 
prepared  nothing  on  this  class  and  the  editor  has  unfortunately 
been  obliged  to  compile  the  descriptions,  many  of  them  very  brief 
and  almost  worthless,  in  fact  hardly  meriting  the  name  of  descrip- 
tions, which  have  been  published  in  various  other  works.  The  fig- 
ures are,  however,  mostly  very  good.  Some,  which  were  drawn 
from  life  by  Mr.  Burkhardt,  have  been  contributed  by  Prof.  Agas- 
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siz,  bat  others  have  been  drawn  from  alcoholic  specimens  and  give 
but  a  poor  idea  of  the  form  and  appearance  of  the  animals  when 
living.  In  conseauence  of  compibng  both  bad  descriptions  and 
good  ones,  several  species  of  Ascidians  appear  under  two  different 
names.  Thus  Cynthia  placenta  Packard  is  the  same  as  Ascidia 
eamea  Ag.,  and  is  a  true  Cynthia ;  C.  gutta  Stimpson  is,  perhaps, 
the  young  of  the  same  species,  which  is  abundant  and  of  larger 
size  in  the  Bav  of  Fundy.  Molgtda  arenata  Stimpson  is  the  same, 
in  all  probability,  as  Ascidia  psammophora  Agassiz,  but  the  fig- 
ure of^  the  latter  is  very  poor  and  does  not  represent  the  normal 
state  of  expansion.  This  species  is  abundant  on  certain  sandy 
bottoms  near  New  Haven,  and  is  a  true  MolgtUa.  Ascidia  oceUata 
Agassiz  appears  to  be  the  same  as  A.  tenella  Stimpson.  The  fig- 
ure of  the  latter  agrees  exactly  with  numerous  specimens,  which 
we  obtained  living  abundantly  from  low-water  to  50  fistthoms  at 
Eastport,  Me.,  which  are  no  doubt  Stimpson's  species.  Bolteyiia 
microcosmus  Agassiz  is  probably  only  a  reddish  variety  of  B,  cla- 
vata ;  we  have  often  observed  such  variations  among  the  many 
hundreds  of  specimens  of  -B.  clavata  collected  at  Eastport,  Me., 
where  it  is  very  abundant  from  low-water  to  60  fathoms.  Glan- 
dtda  moUis  Binnev  is  not  the  species  described  by  Stimpson  under 
that  name,  even  if^it  belongs  to  the  genus  Qlandula^  which  is  very 
doubtful ;  figure  328,  at  least,  looks  much  more  like  a  Cynthia  or 
an  Ascidia,  Perhaps  two  species  are  confounded  together,  but 
neither  can  be  O,  moUiSj  which  is  an  abundant  species  at  Eastport 
and  very  constant  in  its  characters,  as  described  by  Dr.  Stimpson. 
Although  the  names  given  by  Agassiz  to  some  of  the  species  a  Dove 
mentioned  are  earlier  than  Stimpson's,  no  descriptions  were  given 
by  which  the  species  could  possibly  be  recognized,  except  perhaps 
in  the  case  of  A,  oceUcUa^  in  which  the  ocell»  are  so  promyient  a 
feature.  Therefore  the  names  given  by  Stimpson,  and  accompa- 
nied by  good  descriptions,  should  be  retained.  But  there  are 
quite  a  number  of  Ascidians,  living  on  the  New  England  coast, 
which  have  been  entirely  omitted.  The  part  relating  to  Conchife- 
ra  has  been  much  improved  and  enlarged,  and  many  additional 
species  introduced.  All  the  species  are  beautifully  illustrated  by 
external  views,  but  no  figures  of  the  hinge  or  internal  markings 
are  given,  except  in  very  few  instances.  The  parts  relating  to 
Pteropods  and  Cephalopods  are  mostly  compiled  from  various 
sources  by  the  editor.  It  is  to  be  regretted  that  more  attention 
was  not  bestowed  upon  the  distribution  of  the  species  in  depth 
and  geographically,  tor  a  very  large  amount  of  information  of  this 
kind  has  accumulated  since  the  first  edition,  but  often  only  the  old 
localities  are  mentioned,  though  Dr.  Stimpson  had  given  a  far 
fjreater  amount  of  information  of  this  kind,  as  long  ago  as  1861, 
in  his  "Shells  of  New  England,"  which  has  not  even  been  incor- 
porated into  the  present  work. 

Most  conchologists  and  naturalists  generally  will  be  surprised 
at  the  extent  to  which  obsolete  ideas  of  classification  are  retained. 
Thus  we  find  the  Brachiopods  introduced  between  the  Conchifers 
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and  Gasteropoda !  The  Scakmdce  between  Idttorinidce  and  Ver- 
metidoB  !  In  fact  the  arrangement  of  the  families  is  very  often  un- 
natural. We  find,  also,  many  singular  inconsistencies  in  the  gen- 
era adopted,  for  in  some  families  the  modem  views  and  modem 
names  are  introduced  to  a  considerable  extent,  while  in  othei-s, 
where  such  changes  were  even  more  desirable,  the  old  ideas  and 
the  old  genera  are  retained  from  the  first  edition,  almost  without 
change.  But  by  way  of  apology  we  find  the  following  in  the  edi- 
tor's preface :  "Should  any  disappointment  be  felt  that  Dr.  Gould 
has  not  adopted  in  his  work  all  tne  improvements  in  classification, 
Ac,  which  more  recent  investigations  have  suggested,  it  must  be 
remembered  that  this  is  not  a  new  work.  It  is  rather  a  reprint  of 
an  old  one,  with  such  additions  and  improvements  as  Dr.  Gould 
considered  absolutely  necessary  to  its  present  usefulness."  Also, 
"  upon  assuming  the  charge  of  the  publication  and  receiving  the 
manuscripts,  drawings,  notes,  &c.  of  Dr.  Gould,  I  endeavored  to 
learn  thoroughly  what  plan  he  had  made  for  revising  the  first  edi- 
tion, as  I  was  directed  to  complete  the  work  <w  nearly  as  possible 
in  accordance  with  the  views  and  wishes  of  the  author.  I  believe 
I  have  bepn  able  to  arrive  at  a  clear  idea  of  his  intentions,  which, 
according  to  my  orders,  I  have  most  scrupulously  endeavored  to 
carry  out,  irrespective  of  my  own  opinions.  It  is  only  in  treating 
the  Pulmonijera  that  I  have  exercised  my  own  judgment,  and 
here  only  to  the  extent  that  I  believe  Dr.  Gould  would  have  ap- 

S roved."  We  do  not  exactly  understand  how  it  is  that  the  editor 
id  not  also  exercise  his  own  judgment  in  treating  the  Ascidians, 
Pteropods,  and  Cephalopods,  since  he  informs  us  that  nothing  had 
been  prepared  by  Dr.  Gould  relating  to  these  classes.  But  we 
fear  the  editor  has  in  some  cases  done  Dr.  Gould  injustice  by  not 
introducing  important  and  essential  chan&;es,  which  he  himself 
would  undoubtedly  have  adopted,  had  he  lived  to  completely  re- 
vise the  work.  Thus  there  seems  to  be  no  reason  why  many  gen- 
era, now  well  established,  should  not  have  been  adopted.  For  ex- 
ample, JBurosalpinx  established  for  "  Buccinum  dnereunij^  which 
has  nothing  to  do  with  Buccinum  ;  Phychatractes  Stimpson  for 
**  Mtsciolaria  ligata^"*  etc.  Even  among  the  jPiUmonifera,  where 
Mr.  Binney  is  on  his  own  familiar  ground,  there  are  many  incon- 
sistencies which  we  cannot  suppose  that  Dr.  Gould  would  have 
approved  of,  and  which  can  scarcely  be  in  accordance  with  the  ed- 
itor's own  judgment.  Thus  we  find  the  ^^ Helix f  harpa^'*  Say 
still  retained  under  Say's  name,  although  Mr.  Morse  has  well  elu- 
cidated its  anatomical  and  physiological  peculiarities,  showing 
it  to  be  viviparous  and  to  have  many  other  characters  entitling 
it  at  least  to  distinct  generic  rank,  and  has  established  the  genus 
Zodgenites  for  it,  which  certainly  has  stronger  claims  than  some 
other  genera  of  the  same  family,  which  are  adopted  in  this  work ; 
neither  do  we  see  suflicient  reasons  for  retaining  Selix  striateUa^ 
H.  labyrinthica^  H.  asteriscuSy  Jff.pulcheUa,  etc.  m  the  genus  -He- 
liXj  when  -ff  arhorea^  H.  electrina,  H.  chersina^  H.  lineata,  etc, 
are  separated  as  BTycUina.  It  would  have  appeared  to  us  better 
to  have  retained  aU  the  species  in  the  old  "  genus"  Helix^  than  to 
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have  produced  such  an  unphilosophical  mixture  of  old  and  new 
ideas  as  we  find  in  this  case  and  others. 

Finally  we  may  remark  that  although  this  work  will  prove  of 
but  little  or  no  use  for  conveying  correct  ideas  of  classification,  or 
even  of  the  character  of  genera,  it  will  nevertheless  be  indispensa- 
ble and  of  the  utmost  value  in  the  determination  of  the  species. 

V. 

12.  Notes  on  American  Cmstaceay  No.  1,  Ocypodoidea;  by 
SiDXEY  L  Smfth.  8vo,  64  pages,  with  4  lithographic  plates. 
From  the  Transactions  of  the  Connecticut  Academy,  Vol.  II, 
April,  1870. — This  memoir  includes  a  nearly  complete  monograph 
of  the  American  species  of  Gelasimus  or  "  nddler-crabs,"  of  which 
21  species  are  now  known  from  both  coasts  of  America.  Of  these 
14  are  described  at  length  in  this  paper,  including  9  that  are  new, 
and  most  of  them  are  illustrated.  In  addition  to  these  a  number 
of  new  genera  and  species  are  described,  and  of  others,  previously 
known,  more  accurate  and  complete  descriptions  are  given.  One 
new  family,  DisBodcictylidoB^  allied  somewhat  to  the  Pinnotheridm^ 
but  differing  from  that  and  all  other  families  of  Ocypodoidea  in 
having  a  palate  or  endostome  which  is  not  divided  by  a  median 
ridge,  separating  th^  efferent  passages.  The  plates  are  equal  to,  if 
they  do  not  surpass,  any  that  have  ever  been  published  for  this 
class.  Nearly  all  the  figures  are  copied  from  photographs  made 
by  the  author.     The  following  are  new  species : 

&ela8imu8  heterophthalmtiSy  G.  heteropleurua^  G.  prtnceps^  G. 
armatuSy  G.  omcOus^  G.  pugnax^  G.  rapaat^  G.  moraax^  G.  gibbo- 
«tM,  Ca/rdio8oma  crcusum^  Flseudothelphusa  plana^  Opisthoceray 
gen.  nov.,  0.  G^lmanii^  EpUobocera  armcUaj  GlyptograpsuB^  gen. 
no  v.,  G,  impressua,  Sesarma  sulcata^  8.  occidentalism  K  angustck^ 
Prionoplax  ciliatus^  Mtnyplax  politus^  GlyptoplaXy  gen.*  nov.,  G. 
pugnaXj  Pinnotheres  Lithodomi^  Ostrcuiotheres  politvs^  DissodaO' 
tyiuSy  fam.  et  gen.  nov.,  Z>.  nitidas. 

Those  that  are  redescribed  are  as  follows : 

Gelasimus  minax  LeConte,  G,  hrevifrons  Stimp.,  G,  pugiiatcr 
Latr.,  G.  subcylindricus  Stimp.,  G.  Panamensis  Stimp.,  Cardioso- 
ma  guanhumi  Latr.,  (7.  quadratum  Sauss.,  EpUobocera  Cubensis 
Stimp.,  Dilocarcinus  pictus  Edw.,  Sesarma  reticukUa  Say,  Eury* 
plax  nitidus  Stimp.,  Pinnotheres  margarUa  Smith,  Pinnaxoaes 
Chilensis  Smith.  v. 

13.  Monografia  delta  Famiglia  dei  Pennattdarii  ;  per  il  Dott. 
Sbbastiano  Richiabdi.  From  Archivio  per  la  Zoologia  PAnato- 
mia  e  la  Fisiologia,  Ser.  II,  vol.  i,  Turin,  1869,  8vo,  with  14  folded 
plates. — ^In  this  memoir  the  author  has  given  descriptions  of  all 
the  genera  and  species  of  Pennatulacea  hitherto  discovered. 
When  the  specimens  have  not  been  seen  by  the  author  he  has 
<]^uoted  the  original  descriptions,  but  in  other  cases  the  descrip- 
tions are  quite  detailed.  The  plates  are  very  good  and  illustrate 
a  large  number  of  species,  including  a  considerable  number  of  new 
ones.  One  new  genus,  Sceptonidium^  is  described,  which  is  allied 
to  Virgularic^  It  has  short  fleshypinnaa,  with  a  wide  naked 
space  behind ;  the  axis  is  angular.    The  only  species  is  &  masam* 
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bicanum.  He  reunites  the  genus,  LeioptUumy  to  PennatulOy  but 
recognizes  most  of  the  other  generic  divisions  that  have  been  pro- 
posed. Of  PenncUula  he  describes  1  species,  inohiding  one  that  is 
new,  P.  Targioniiy  locality  unknown ;  of  Pteroides,  27  species, 
including  the  following  new  ones :  P.  Grayi  {=/*.  grisea  Esper), 
locality  unknown,  P.  Vogtii^  P.  ComaHoB^  P,  CUmaii^  Mediterra- 
nean, P,  Panceriiy  locality  unknown ;  of  8arccf>tihb8  one,  9,granr 
dU  Gray ;  of  PtUoacwcus  two,  P,  Chwmeyi  and  P.  HmiomAS  Gray ; 
of  Haliaceptrum  one ;  of  Scytalium  one ;  of  StyUxhda  5  species ; 
8,finnmarchica  (Sars  sp.),  8.  gracUia  V.,  8.  elongata  V.,  8,  mvl- 
tiflora  (Ener,  sp.),  8,  eUgans  (Danielsen  sp.) ;  of  Vtrgularia  8  spe- 
cies, including  two  new  ones,  V,  JLeuckartii^  North  Sea,  and  FI 
S6Uikeriiy  Mozambique ;  of  lA/gua  one  species ;  of  CrlnUlum  one ; 
of  Pt4nicidina  3 ;  of  &mbeUiUaria  one ;  of  Kophobdemnon  3 ; 
of  lAtuaria  2 ;  of  Cavemtdaria  5,  including  G,  Maimeii  and  C, 
D^ippiiy  two  new  species  from  unknown  localities ;  of  Veretil- 
lum  6 ;  of  ReniUa  3,  JR.  reniformis^  M,  violacea  Q.  and  G.j  and  R. 
sitmata  Gray,  the  last  from  the  Philippines. 

In  the  genus  ReniUa  the  author  is  certainly  at  fault,  owing  no 
doubt  to  Tack  of  specimens  of  some  of  our  American  species.  To 
R,  reniformis  he  unites  R.  peUcUa  V.,  J?.  Dance  V.,  and  R.  am^ 
thystina  V.,  the  last  from  the  Panamian  fauna,  the  others  Atlantic. 
Neither  of  these  approach  the  true  rtnifonmia  of  the  Carolina 
coasts,  of  which  I  have  examined  hundreds  of  specimens  in  all 
states  of  preservation.  The  latter  never  grows  so  large  as  either 
of  the  three,  but  has  larger  polyps  and  many  other  differences. 
The  three  species  referred  to  are  all  more  nearly  allied  to  R,  viola- 
cea than  to  R,  reniformis.  There  can  be  no  doubt  but  that  these 
three  species  are  all  distinct,  one  from  another ;  it  is  possible  that 
R.  Dance  may  be  identical  with  R,  violacea^  though  it  does  not 
seem  probable.  The  others  are  beyond  doubt  good  species.  To 
R,  violacea  he  unites  R,  pcUiUa  v  errilL  Between  the  two  forma 
there  are  certain  resemblances  and  they  maj  possibly  prove  to  be 
the  same,  but  I  have  seen  no  Brazilian  specimens  that  appear  to  be 
identical  with  R,  patula.  In  the  Museum  of  Tale  College  and  the 
Museum  of  Comparative  Zodlogy  I  have  studied  five  distinct 
American  species,  and  admitting  that  one  may  be  identical  with 
R,  violacea^  no  further  reduction  seems  admissible.  It  seems 
quite  probable,  however,  that  the  number  of  species  of  Pteroides 
mieht  be  considerably  reduced  by  a  careful  study  of  all  the  origi- 
nal specimens.  A.  E.  V. 

14.  17^  Butterflies  of  North  America^  with  colored  drawings 
and  descriptions ;  by  Wm.  H.  Edwards.  Part  5.  Philadelphia, 
Decern.,  18(59. — Number  five  of  this  beautiful  work  has  been  con- 
siderably delayed,  on  account  of  the  plates,  and  was  not  actually 
published  until  April.  The  plates  are  excellent,  and  well  sustain 
the  character  of  the  work.  The  following  species  are  illustrated : 
Argynnis  Edwardsii ;  Colias  Mtrydice  ;  Idmenitis  Lorguini  ; 
Orapta  Pbvnus ;  Ijycama  pseudargiolits ;  X.  neglecta.  The 
Synopsis  of  North  American  Butterflies  includes  the  species  of 
ifcahaUSy  Ant?u>eaHsy  VaUidryaSj  Gonepteryx,  v. 
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IV.    ASTBOKOMY. 

1.  Elements  ofFdicitcu  (109),  from  obaervcUions  of  the  first 
opposition ;  by  Wic  A.  Rooebs.  (Communicated  for  this  Jour- 
nal, and  dated  Alfred  Observatory,  Alfred  Center,  N.  Y.,  April 
12,  1870). — From  mv  last  Elements,  published  in  the  Astronon^ 
ische  Nachrichten^  the  following  normal  places  were  obtained,  the 
deviations  from  the  Ephemeris  being  found  in  the  columns  marked 
^a(C-0),-^*(C— O). 

The  observations  of  Hamilton  College,  Washington,  and  Chi- 
cago, were  kindly  communicated  in  advance  of  publication. 

Date.            a 6  Aa(C-O)    A<5(C-0)                ObsenraUonB. 

"W  M.  T. 

Oct  9-6    14    9  6-0  —1-9     +0-2    Hamilton  CoL  (9).  Alfred  (3). 

+  9  36  4-62  Chicago  (2). 

Oct 29-0    9  35  61-6  —1-7     —28    H.  C.  (4).  Washington  (3). 

+  9  52  17-8  Alfred  (7). 

Nov.  10-0  8    0  26-2  -f-0-9     —2-8    Wash.  (5).  Hamburg  (1). 

+10    9  51-8  Bilk.  (2).  Madrid  (6). 

Nov. 280  8  06  08-3  -h2-6     —3-0    Lund  (2).  H.  C.  (2). 

4-11  08  14-9  Madrid  (5).  Alfred  (8). 

Wash.  (6).  Hamburg  (3). 

Dec.  28    14  27  49-1  -f4*0    —3-6    Alfred  (5).  H.  C.  (1). 

+14  21  37-8  Wash.  (4). 
1870. 

Jan.  22     24  06  034  +60     —5-0    Alfred  (15).  H.  C.  (2). 

+18  06  49-6  Wash*  (4). 

Feb.  22     39  36  26-9  +5-0     —5-4     H.  C.  (1).  Wash.  (1). 

+23  01  39-1  Alfred  (5). 

From  the  first,  fourth  and  sixth  places,  the  following  elements 
were  computed: — 

Oct  90  1869,  W.  M.  T. 

M  339  0-5  45-21 

MeanEq.        n  55    56  03-25 

1869-0.             SI  4    56  04-35 

i  8    02  56-10 

q>  17    27  62-67 

log.  a  -4304068 

/M  802"-4102 

These  elements  represent  the  normals  thus: — 

Aa  (0-0)  ^6  (0-0) 

1869.  Oct  9.  — 0-r'  +0-6^' 
Oct.  29.  —0-4  —0-6 
Nov.  10.  +10  -fO-2 
Nov.  28.  -i-0*-*  +1*1 
Dec.  28.  —1-0  +1-2 

1870.  Jan.  22.  +0*1  +0-9 
Feb.  22.  +0-0  +1-6 
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2.  On  the  Periods  of  certain  Meteoric  Rings  ;  by  Dakibl  Eibk- 
WOOD.  (Proc.  Araer.  Phil.  Soc.,  Maroh,  1870.) — (1.)  The  Meteors  of 
April  20th. — ^In  the  Astronomische  Nachrichten,  No.  1632,  Dr. 
Weiss  called  attention  to  the  fact  that  the  orbit  of  the  first  comet 
of  1861  very  nearly  intersects  that  of  the  earth,  in  longitude  210® ; 
the  point  passed  by  the  latter  at  the  epoch  of  the  April  meteoric 
shower.  A  relation  between  the  meteors  and  the  comet,  similar  to 
that  recently  detected  between  the  November  meteors  and  the 
comet  of  1866,  was  thus  sa^^ested  as  probabla  Is  this  hypothesis 
in  harmony  with  facts?  and  if  not,  are  our  present  data  sufficient 
for  determining  with  any  reasonable  probability,  the  true  period 
of  the  April  meteors  ? 

DcUes  of  the  April  Shower. — ^Professor  Newton  selects  the  fol- 
lowing from  Quetelet's  Catalogue  as  belonging  to  this  period  :* 

1.  B.  C.     687,  4.      A.  D.  1093,  '4  '6,  and  '6 

2.  **  16,  6.  **      1122,     '3 
8.             A.  D.     582,               6.  "     1808. 

Period  of  the  First  Comet  ()f  1861. — ^The  elements  of  this  body 
were  computed  by  Oppolzer,  who  assigned  it  a  period  of  416  y.  4. 
Now  while  it  is  true  that  the  interval  from  B.  C.  687  to  A.  D.  1803, 
is  very  nearly  equal  to  6  periods  of  416  years,  the  slightest  exami- 
nation will  show  that  this  period  does  not  harmonize  with  any  of 
the  intermediate  dates.  This  fact,  then,  without  further  discussion, 
seems  fatal  to  the  hypothesis  that  the  period  of  the  meteors  is 
nearly  equal  to  that  of  the  comet. 

What  is  the  probable  period  of  the  ring? — ^The  showers  of  1093 
—6  and  1122 — 3  at  once  suggest  a  period  of  from  26  to  30  years. 
The  nodal  passage  of  the  densest  portion  of  the  ring  at  the  former 
epoch  may  be  placed  any  where  between  1093  and  1096,  and  that 
of  the  latter,  in  either  1 122  or  1 123.  The  entire  interval  from  B.  C. 
687  to  A.  D.  1803  is  2490  years,  or  88  periods  of  28*295  y.  each; 
and  the  known  dates  are  all  satisfied  by  the  following  scheme: 

K  0.        687  to  B.  0.          15....672000  years  =  24  periods  of  28000y.  each. 
"  16  to  A. D.        682 697000     "      =  21        "  28429       " 

A.D.        682  to      •1093-714.--. 611-714    «      =b  IS        "  28-429       " 

*•  1093-714  to      **  1122143 28429     ••      =    1         "  28429       " 

"  1122-143  to      "         1803 680867     **      =  24        "  28369       " 

These  coincidences  indicate  a  period  of  about  28ff  years,  corres- 
ponding to  an  ellipse  whose  major  axis  is  18*69.  Hence  the  dis- 
tance of  the  aphelion  is  very  nearly  equal  to  the  mean  distance  of 
Uranus.  It  will  also  be  observed  that  the  time  of  revolution,  which 
seems  to  have  been  somewhat  lengthened  about  the  Christian  era, 
was  previously  one-third  of  the  period  of  Uranus. 

(2.)  TTie  Meteors  of  December  1UA-13^A. — ^In  the  catalogue  of 
Quetelet  we  find  the  four  following  extraordinary  displays  which 
belong  undoubtedly  to  this  period.  Observations  made  in  Eng- 
land. 1862,  indicate  also  a  more  than  ordinary  number  of  meteors 
at  the  December  epoch  in  that  year. 

*  This  Journal,  July,  1863. 

t  Herridc  aaafgned  a  value  of  27  years.    See  this  Journal,  April,  1841,  p.  366. 
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1.  A.  D.  901.  '^The  whole  hemisphere  was  filled  with  those 
meteors  called  falling  stars,  the  ninth  of  Dhu'lhajja,  (288th  year  of 
the  Hegira)  from  midnight  till  morning,  to  the  great  snrprise  of 
the  beholdere,  in  Egypt."— -afo(femj[>ar<  oft?ie  UniverMl  HtHorj/j 
8vo,  vol.  ii,  p.  281.  Lond.  1780.  The  date  of  this  phenomenoD 
corresponds  to  the  December  epoch,  A.  D.  901, 

2.  930.     "  Averse  remarcjuable  d'^toiles  filantes  en  Chine.'* 

3.  167 1 .     "On  vit  k  Zunch  * du  feu  tomber  du  ciel ' ". 

4.  1830,  1833,  and  1836.  The  maximum  seems  to  have  occurred 
in  1833,  when  as  many  as  ten  meteors  were  seen  simultaneously. 
^Dans  la  nuit  du  11  au  12  d6cembre,  on  vit  k  Parme  une  grande 
quantity  d'Stoiles  filantes  de  difi%rentes  grandeurs,  qui  se  dirige- 
aient  presque  toutes  avec  une  grande  vitesse  vers  le  SSE.  A  10 
heures  et  ^,  entre  les  seules  constellations  da  B61ier  et  du  Tanreau, 
on  en  compta  environ  une  dizaine." 

6.  (Doubtful.)  1861,  1862,  and  1863.  Maximum  probably  in 
1862.  The  meteors  at  this  return  were  far  from  hems  comparable 
in  numbers  with  the  ancient  displays.  The  shower,  Ijowever,  was 
distinctly  observed.  R.  P.  Greg,  Esq.,  of  Manchester,  England, 
says  the  period  for  December  10th-12th  was,  in  1862,  "exceed- 
inglv  well  defined,"  * 

These  dates  indicate  a  period  of  about  29^  years.     Thus : 

901  to  930 1  period  of  29000  years. 

930  to  1671 22  periods  of  29*136  years. 

'  1671  to  1833. . . .  9  periods  of  29*111  years. 
1833  to  1862 ....  1  period  of  29000  years. 
(3).    The  Meteors  of  October  i5thr-2Ut.    The  showers  of  the 
following  years  (see  Quetelet's  Catalogue)  belong  to  this  epoch : 

1.  288.  "Apparition  en  Chine." 

2.  1436  ana  1439.  In  each  year  a  remarkable  apparition  was 
observed  in  China. 

3.  1743.  (Quoted  from  Herrick,  in  this  Journal  for  April,  1841). 
"A  clear  night^great  shooting  of  stars  between  9  and  10  o'clock, 
all  shot  from  S.  wTto  N.K  *[Qu.  N.E.  to  S.  W.  ?]  One  like  a  comet 
in  the  meridian  very  large,  and  like  fire,  with  a  long  broad  train 
aHer  it,  which  lasted  several  minutes ;  after  that  was  a  train  like 
a  row  of  thick  small  stars  for  twenty  minutes  together,  which 
dipped  N." 

4.  1798.  "Brandos  marque,  k  Goettingue,  un  grand  nombre 
d'6toiles  filantes  dans  les  observations  simultan^es  qu'  il  fait  avec 
Benzenberg." 

These  dates  indicate  a  period  of  about  27^  years : 

288  to  1439. . .  .42  periods  of  27*406  years  each. 

1439  to  1743 11         **  27-636  '* 

1743  to  1798 2         "  27*500  " 

If  these  periods  are  correct,  it  is  a  remarkable  coincidence  that 
the  aphelion  distances  of  the  meteoric  rings  of  April  18th — 20th, 
October  15th — 21st,  November  14th,  and  December  11th — ISth, 
as  well  as  those  of  the  comets  1866  (i)^  and  1867  (i),  are  all  nearly 
equal  to  the  mean  distance  of  Uranus. 

*  This  JoomiO,  May,  1S68,  p.  46L 
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8.  AbHracU  from  the  Report  of  the  Council  of  the  Royal 
Astronomical  Society,  at  the  fifteenth  Annual  meeting,  Feb.  1870. 

(1.)  Work  done  with  the  Photohdiograph  at  the  Kew  Observa- 
tory.— The  first  instalment  of  the  measurements  and  reductions  of 
the  Kew  Sun-pictures  taken  during  the  two  years  1862  and  1863, 
containing  also  the  areas  of  the  observed  groups  and  an  explana- 
tion of  the  methods  followed  in  the  working  out  of  the  observa- 
tions, have  been  published  in  the  last  volume  of  the  Transactions 
of  the  Royal  Society.  Nearly  160  separate  copies  of  the  paper, 
printed  partly  at  the  private  expense  of  Mr.  Warren  De  La  Kue, 
were  distributed  chiefly  to  foreign  observatories,  scientific  institu- 
tions, and  distinguished  astronomers  and  physicists. 

The  second  instalment,  containing  the  heliographic  positions  of 
the  Sun-spots  observed  from  the  beginning  of  1864  to  the  end  of 
1866,  is  nearly  ready,  and  will  be  presented  to  the  Royal  Society 
at  an  early  date  during  the  present  session. 

Some  investigations  were  also  made  last  year  on  the  influence 
which  a  refracting  medium  of  considerable  density  would  have  on 
the  apparent  size  and  figure  of  the  Sun,  and  the  time  of  rotation, 
as  calculated  from  spots  at  different  latitudes.  The  preliminary 
discussion  has  led  to  the  conviction  that  a  comparison  of  the  times 
of  rotation,  as  derived  from  spots  while  they  are  near  the  limb, 
with  those  deduced  from  the  same  spots  when  near  the  center, 
will  throw  much  light  on  several  important  questions  connected 
with  solar  phvsics.  The  matter  will  oe  exhaustively  investigated 
in  the  g^eral  discussion  of  the  Kew  results. 

Durinjg  the  present  year  it  is  intended  to  bring,  if  possible,  the 
work  01  the  measurements  up  to  date.  The  scarcity  of  spots 
during  1867  and  1868  was  such,  that  the  pictures  of  these  years 
may  be  measured  in  a  comparatively  short  time;  and  it  is  hoped 
that  by  completing,  by  the  end  of  this  year,  the  observations  made 
up  to  at  least  the  end  of  1869,  that  the  greater  part  of  the  suc- 
ceeding years  may  be  devoted  to  as  careful  a  discussion  of  the 
whole  work  as  is  required  by  the  importance  of  the  astronomical 
and  physical  problems  involved  in  it. 

Messrs.  De  La  Rue,  Stewart,  and  Loewy,  state  that  the  reduc- 
tions of  Hofrath  Sfhwabe's  observations  are  now  finished.  By 
comparing  his  observations  with  those  taken  by  Carnngton,  and 
also  with  the  Sun-pictures  taken  at  Kew,  they  arrived  at  very 
favorable  conclusions  regarding  the  accuracy  of  the  delineations 
of  the  distinguished  German  observer.  Begmnine  with  the  year 
1832,  they  have  measured  the  spotted  area  of  all  his  pictures  up  to 
the  time  when  Carrington^s  senes  commenced.  From  the  results 
obtained  they  have,  first  of  all,  deduced  fortnightly  views,  and  in 
the  next  place,  in  order  to  get  rid  of  the  more  transitory  fluctua- 
tions, they  have  taken  a  senes  of  those  monthly  views  correq>ODd- 
ing  to  the  middle  and  end  of  each  month,  from  the  beginning  of 
1882  till  the  end  of  May  1868,  Putting  these  results  into  a  graph- 
ical form,  they  have  obtained  a  curve  exhibiting  only  the  irregu- 
larities of  comparatively  long  periods,  and  from  the  curve  by  the 
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ordinary  method  of  equalization,  they  have  deduced  an  equalized 
curve  exhibiting  the  decimal  period  of  solar  disturbances. 

They  find  therefrom  the  following  epochs  of  maximum  and 
minimum  spotted  area : — 

Minimum      Nov.  28       1883  Minimum      April  21       1866 

Maximum     Dec.    21       1836  Maximum     Oct     7       1869 

Minimum      Sept  21       1843  Minimnm       Feb.  14       1867 

Maximum      Nov.  14       1847 

From  these  dates  it  will  be  perceived  that  (as  has  been  already 
observed)  the  time  between  the  minimnm  and  maximum  is  always 
less  than  that  between  the  maximum  and  next  minimum. 

It  will  also  be  noticed  that  the  whole  period  is  not  always  of 
uniform  length;  nevertheless,  judging  from  what  has  gone  before, 
they  believe  that  they  are  perhaps  entitled  to  conclude  that  the 
approaching  minimum  will  not  be  delayed  much  beyond  the  end 
of  this  vear.  It  ought  also  to  be  remarked  that,  in  all  the  three 
series,  tne  progression  from  maximum  to  minimnm  is  not  a  simple 
progression,  but  exhibits  in  each  case  traces  of  a  secondary  max- 
mium. 

Finallv,  they  have  examined  these  results  for  traces  of  the  action 
of  the  planets  upon  Sun-spots,  and  pursuing  the  method  indicated 
in  their  preliminary  researches,  they  derived  the  following  table, 
as  exhibiting  the  evidence  deduced  from  all  the  observations  be- 
tween 1832  and  1868: — 


Belftttye  PUnetenr 
SeparaUon. 

Japlfeer  and  Venav-S 

of  Spotted  A»». 
fan  and  Mercury. 

Between  0** 

and 

[     30° 

-f   881 

+1676 

30 

u 

60 

—      60 

—  139 

60 

a 

90 

—  462 

-1665 

90 

u 

120 

—  679 

—2366 

120 

u 

160 

—  706 

—2318 

160 

u 

280 

-  769 

—1604 

180 

u 

210 

—  898 

—  481 

210 

u 

240 

-   762 

+  647 

240 

u 

270 

—  263 

--  431 

270 
300 

it 
u 

300 
330 

+     70 
4-  480 

--  228 
+  1318 

330 

u 

0 

+1134 

+  2283 

From  this  table  there  appears  to  be  an  excess  of  solar  activity 
when  either  Jupiter  and  Ventta  or  Mars  and  Mercury  are  together, 
and  a  deficiencj  when  they  are  180°  apart  We  see  also 
that  the  pro^ssion  of  the  numbers  is  regular  in  each  case  and 
very  similar  m  the  one  case  to  what  it  is  in  the  other. 

(2.)  Spectrum  Analysis. — Our  Fellow,  Mr.  Lockyer,  has  pursued 
with  great  diligence  and  success  his  spectroscopic  researches  on 
the  Sun.  Since  the  last  Report  he  has  found  that  several  other 
substances  besides  hydrogen  are  occasionally  to  be  detected  above 
the  photosphere,  namely,  sodium,  barium,  magnesimn,  and  iron. 
The  presence  of  the  bright  lines  of  these  substances  rising  above 
the  ^otosphere,  and  associated  with  the  bright  lines  of  hydrogen, 
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Mr.  Lookyer  regards  as  iadicatdng  a  state  of  disturbance  of  the 
solar  matter,  greater  than  was  present  at  the  time  of  his  earlier  ob- 
servations. 1^  rom  a  slight  alteration  in  refrangibility  of  the  bright 
lines  of  hydrogen,  as  shown  by  their  want  of  perfect  coincidence 
with  the  corresponding  lines  of  absorption,  Mr.  Lockyer  believes 
that  he  has  eviaence  of  rapid  currents  in  the  solar  matter,  some- 
times attaining  a  velocitv  of  40  miles  per  second  in  a  vertical  di- 
rection, and  a  velocity  of  120  miles  per  second  in  a  horizontal  or 
cyclonic  direction.  He  considers  that  his  observations  support 
the  conclusion  that  "  the  chromosphere  and  the  photosphere  form 
the  true  atmosphere  of  the  Sun,  and  that  under  ordinary  circum- 
stances, the  absorption  is  continuous  from  the  top  of  the  chromo- 
sphere to  the  bottom  of  the  photosphere.''  In  these  observations 
mr.  Lockyer  is  accumulating  a  store  of  facts,  upon  which  we  may 
hope  to  base  a  more  complete  theory  of  the  constitution  of  the 
Sun  than  we  now  possess. 

(3.)  Lunar  RadicUion, — After  stating  the  results  of  Lord  Rosse's 
observations  upon  Lunar  Radiation  which  are  given  in  this  Journal, 
(vol  xlviii,  p.  436),  the  council  co  on  to  say: 

Some  later  observations  have  been  made  upon  the  same  subject 
in  Paris,  respectively  by  M.  Bailie,  at  the  Ecole  Polytechnique, 
and  M.  Mari6-Davy  at  tne  Paris  Observatory.  The  former  em- 
ployed a  concave  mirror  of  39  centimeters  aperture  to  condense 
the  Moon's  rays  upon  his  pile,  and  also  made  use  of  a  Thomson's 
galvanometer.  The  one  conclusion  at  which  he  arrived  was,  that 
the  fiiU  Moon,  at  Paris  and  in  the  summer  months,  gave  as  much 
heat  to  his  pile  as  a  radiating  surface  6*5  centimeters  square,  main- 
tained at  boilinff-water  temperature  and  placed  at  a  distance  of 
35  meters.  M.  Mari4-Davy  nas  published  results  of  two  series  of 
measures  secured  during  the  lunations  of  October  and  November 
last  The  first  were  made  with  a  pile  attached  to  a  9-inch  eaua- 
torial  refractor,  the  second  with  an  8-inch  mirror ;  the  object-glass 
in  the  former  case  having  been  found  to  intercept  a  large  propor- 
tion of  the  heat-rays.  l£  Mari^-Davy's  measures  confirm  tnose  of 
Lord  Rosse.  They  show  that  the  heating  effect  of  the  Moon  in- 
creases with  the  illumination  of  the  visible  disk.  Between  October 
9,  when  the  Moon  was  four  days  old,  and  October  20,  when  it  was 
full,  the  measured  heat  of  the  condensed  beam  of  moonlight  in- 
creased from  0°-00017  (centigrade)  to  0°-00287.  If  this  last  num- 
ber be  divided  by  the  ratio  of  the  area  of  the  concentrated  image  to 
die  area  of  the  oDJect-glas:^,  we  have  twelve-millionths  of  a  centi- 
grade degree  as  the  direct  heating  power  of  the  full  Moon  at  the 
Earth's  surface,  lliis  is  the  result  ^ven  by  the  object-^lass,  that 
afforded  bv  the  mirror  is  about  six  times  as  great.  It  will  be  seen 
that  M.  Mari6-Davy  has  converted  his  galvanometer  indications 
into  centigrade  equivalents:  how  this  conversion  was  effected,  and 
how  the  constancy  of  the  scale  indications  is  secured,  if  it  is  secured, 
we  are  not  informed.  He  confirms  Lord  Rosse's  inference  that  the 
proportion  of  solar  to  lunar  radiation  is  about  as  80000  to  1,  and 
JkM,  JouB.  8gl— Sbcohb  8brix8,  Vol.  XLIX,  No.  147.— Mat,  1870. 
27 
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likewise  concludes  that  the  Moon  imparts  to  as  no  heat  from  an 
internal  or  cosmioal  soorce.  Farther,  he  infers  that  the  diffasive 
power  of  the  lunar  surface  is  considerable,  at  least  equal  to  that 
of  the  least  colored  of  terrestrial  rocks;  and  he  finds  that  the 
lunar  heat  by  reason  of  its  large  percentage  of  obscure  rays  is 
far  more. impressionable  by  atmospheric  humidity  than  that  from 
the  Sun. 

It  will  be  remembered  that  Professor  Smyth,  in  his  Teneriffe 
experiments,  determined  the  heating  power  of  the  ftill  Moon  to  be 
equal  to  one-third  of  that  of  a  Price^s  candle  at  a  distance  of  14 
feet  9  inches.  M.  Mari4-Dayy  finds  that  such  a  candle  at  such  a 
distance  affects  his  pile  to  the  extent  of  0^*00075  centigrade,  which 
he  conceives  to  be  tne  heatine  power  of  the  Moon  upon  the  sunmiit 
of  Teneriffe,  upon  the  supposition  that  the  heat  emitted  by  the 
respective  candle-flames  was  sensibly  the  same. 

(4.)  Heating  Power  of  the  Stare, — ^The  experiments  upon  this 
subject,  commenced  by  Mr.  Stone  with  the  great  Equatorial  of 
the  Greenwich  Observatory,  in  the  year  1868,  and  mentioned  in 
the  last  Annual  Re{K)rt,  were  continued  as  weather  permitted  dur- 
ing 1869.  In  pursuing  them,  Mr.  Stone  was  led  to  the  construction 
of  a  thermopile  which  there  is  good  reason  to  believe  will  prove 
of  value  in  tnermometric  researches  other  than  those  of  the  class 
for  which  it  was  specially  prepared.  His  early  trials  convinced 
him  that  it  was  almost  impossible  to  distinguish  the  feeble  currents 
generated  by  stellar  heat  nrom  the  grosser  effects  produced  up<m 
the  pile  by  exposure  of  one  face  within  the  telescope  tube  and  the 
protection  of  the  other  face  outside  the  telescope  tube.  It  was 
evident  that  to  maintain  the  pile  in  thermal  equilibrium  its  two 
faces  must  be  exposed  to  precisely  similar  atmospheric  influences. 
Mr.  Stone  therefore  resorted  to  what  in  effect  may  be  described  as 
a  horse-shoe  pile,  the  two  faces  of  which  being  similarly  presented 
to  the  object-glass  of  the  telescope  were  affect^  alike  by  cQsturbing 
causes,  whether  these  took  the  form  of  draughts  of  air  or  cooling 
of  the  metals  of  the  pile  by  radiation.  By  this  arrangement  the 
whole  heat  of  a  star's  ima^ge  cast  upon  either  face  of  the  pile  man- 
ifested itself  per  se.  Decided  indications  of  heat  from  Arcturtte 
and  a  LyrcB  were  thus  obtained  on  several  nights.  The  amounts 
were  measured  by  a  reflecting  galvanometer;  and  by  a  somewhat 
tedious  process  the  galvanometer  indications  were  converted  into 
Fahrenheit-scale  equivalents.  It  was  found  that  the  heating  effect 
of  Arcturue^  after  allowing  for  absorption  by  the  object-^lass,  waa 
0-00000137  of  a  Fahrenheit  degree;  that  of  «  Lyroe  bemg  about 
two^thirds  of  this  amount.  Otherwise  expressed,  the  heat  from 
ArctwruSj  at  an  altitude  of  25°  at  Greenwich,  is  about  equal 
to  that  from  a  three-inch  cube  of  boiling  water  at  a  distance  of 
400  yards,  while  from  a  Lyroe  it  is  equal  to  that  frmn  the  same 
cube  at  600  yards.  Mr.  Stone  conceives  that  the  difference  of 
heatinff  power  may  be  connected  in  cause  with  difference  of  color. 
He  finds  that  the  manifested  heat  diminishes  rapidly  as  the  amount 
of  moisture  in  the  air  increases,  and  that  all  sensible  effect  is  out 
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off  by  the  slightest  cloud  or  hase.  The  details  of  the  investiga- 
tion are  published  in  the  Proceedings  of  the  Royal  Society  for  Jan* 
uary,  1870. 

(6.)  Trarmt  of  Vemte^  1874. — The  preparatory  arrangements, 
for  the  observations  of  the  transit  of  Venvs^  1874,  are  sufficiently 
advanced  to  encourage  us  to  expect  most  important  additions  to 
the  data  already  collected  for  the  determination  of  our  fundamen- 
tal astronomical  unit  of  length.  The  British  Government  has 
already  placed  at  the  disposal  of  the  Astronomer  Royal  sufficient 
funds  for  the  equipment  of  five  stations,  each  with  an  Altazimuth 
and  Transit,  for  the  determination  of  longitude  and  local  time,  and 
with  two  telescopes,  one  of  which  is  to  be  of  six  inches  aperture, 
and  to  be  provided  with  driving  power.  Four  of  the  larger  in- 
struments have  already  been  obtained,  and  the  Transits  and  Alt- 
azimuths are  in  actual  progress  in  the  manufactory  of  Messrs. 
Troughton  and  Sinmis.  The  second  telescope  at  each  station  will 
be  of  four  inches  aperture. 

The  present  intention  appears  to  be  to  place  the  British  observers 
at  Kerguelen's  Island,  Ot^u,  Auckland  in  New  Zealand,  Alex- 
andria, and  Rodriguez. 

A  CoDunission,  consisting  of  Admiral  Paris,  MM.  Faye,  Laugier, 
Yillarceau,  and  Puiseux,  has  reported  to  the  Bureau  des  Longitudes 
that  it  would  be  particularlv  desirable  for  the  French  astrono- 
mers to  occupy  the  Islands  of  St  Paul  and  Amsterdam,  Yokoha- 
ma, Tahiti,  Noumea,  Mascate  and  Suez. 

The  North  Grerman  astronomers  have  referred  the  consideration 
of  the  action  which  they  should  urge  upon  their  Government,  to  a 
Committee,  of  whom  the  illustrious  astronomer  of  Gotha  was 
elected  chairman. 

This  Committee  appear  to  lav  great  stress  upon  the  employment 
of  heliometers  for  fixmg  the  relative  position  of  Ventu  on  the  Sun 
at  the  different  stations. 

Equatorials  with  driving  power  for  the  eye-observers  were  to  be 
of  6  feet  focal  length  and  52  lines  aperture.  The  employment  of 
photography  and  spectroscopic  observations  was  discussed.  The 
chief  objection  to  the  employment  of  photography  appeared  to  be 
in  the  question  of  expense,  although  Professor  Argelander  was 
not  satisfied  with  the  degree  of  accuracy  which  might  be  expected 
from  it.  The  further  consideration  of  this  question  was,  however, 
deferred  to  a  sub-committee.  Spectroscopic  observations  were 
proposed  only  to  indicate  the  approach  of  the  planet  for  the  obser- 
vation of  external  contacts.  The  Committee  recommended  that 
the  Government  be  urged  to  fit  out  four  expeditions, — two  to  the 
North  and  two  to  the  South.  The  stations  specially  referred  to  as 
favorable  were,  Nertschinsk,  Hakodadi,  Kerguelen,  Edwards', 
Crozet^s  and  Auckland  Islands,  and  in  certain  respects  Mauritius. 

The  Russian  territories  offer  most  valuable  positions  for  the  loca- 
tion of  observers.  These  stations  are  certain  to  be  well  occupied 
by  the  Russian  astronomers.  The  Director  of  the  Imperial  Ob- 
servatory at  Pulkova  has  already  secured  a  Committee  ror  the  con* 
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sideration  of  a  proposition  to  establish  a  chain  of  observers  across 
the  country  from  Kamtschatka  to  the  Black  Sea,  at  intervals  of 
about  100  miles.  This  appears  desirable  on  account  of  uncertain- 
ties connected  with  the  atmospheric  conditions  in  the  month  of 
December. 

It  is  to  be  hoped  that,  for  the  same  reason,  there  will  not  be  a 
too  great  orowdinff  of  the  observers  toward  one  or  two  points,  in 
other  regions,  to  the  exclusion  of  others  of  nearly  equal  import- 
ance; and  that,  in  this  matter  at  least,  after  the  best  consideration 
has  been  given  the  subject,  we  may  all  adopt  instruments  of  not 
very^  unequal  power,  and  attempt  to  make  the  same  class  of  obser^ 
vations  in  the  same  way.  Uniformity  in  these  observations  means 
success ;  want  of  uniformitv,  comparative  failure. 

S.  Star-Drift ;  by  R.  A.  Proctor. — With  referrence  to  the 
accompanying  account  of  my  paper  on  this  subject,  recently  com- 
municated to  the  Roval  Society,  it  is  to  be  remarked  that  the 
interest,  if  any,  attaching  to  my  results  must  be  founded  on  the 
wav  in  which  they  bear  on  received  theories  respecting  the  dis- 
tribution of  the  fixed  stars.  It  is  quite  evident  that  according  to 
the  views  usually  accepted,  the  stars  which  appear  in  any  part  of 
the  heavens  must  be  regarded  as  situated  at  very  different  distances 
from  the  eye ;  the  faintest  nine  or  ten  times  farther  from  us,  at  the 
very  least,  than  the  brightest,  and  the  different  stars  altogether  too 
far  apart  to  exert  any  influence  on  each  other.  Indeed,  whatever 
theory  we  may  hold  respecting  stellar  distribution,  regarded  gene- 
rally, we  must  be  prepared  to  recognize  in  the  stars  seen  toward 
any  part  of  the  sky,  objects  which  lie  at  very  different  distances. 
And  regarding  these  objects  as  severally  in  motion,  we  must  be 
prepared  to  find  in  general  the  utmost  oiversity,  not  only  as  re- 
spects the  direction  of  the  apparent  motions  oif  the  stars,  but 
also  as  respects  the  magnitude  of  these  motions.  It  is  only  when 
one  has  adopted  the  theory  that  the  stars  are  grouped  according 
to  special  laws  of  aggregation,  that  one  would  be  led  to  anticipate 
that  here  and  there,  almost  as  by  accident,  so  to  speak,  some  indi- 
cations of  their  grouping  might  be  discoverable  in  the  characteris- 
tics of  the  stellar  proper  motions.  Although  I  had  become  firmly 
convinced  that  the  stars  are  not  distributed  throughout  space  with 
any  approach  to  that  general  uniformity  insisted  on  oy  many 
astronomers,  I  had  very  little  hope  that  a  suggestion  I  threw  out 
a  year  a^o  in  the  pages  of  the  Student^  that  the  stellar  proper 
motions  if  examined  carefully  might  afford  evidence  in  favor  of 
my  views,  would  be  confirmed  in  any  very  distinct  manner  if  the 
method  I  had  pointed  out  should  ever  be  applied.  I  knew  that  a 
certain  conmiunity  of  motion  in  the  constellation  Taurus  had  led 
M&dler  to  important,  but  as  I  judeed  incorrect  conclusions  as  to 
the  nature  of  the  stellar  motions ;  but  I  also  knew  that  that  com- 
munitv  of  motion  was  one  which  could  only  be  appreciated  by  the 
few  wno  had  convinced  themselves  of  what  was  to  be  expected  if 
the  stars  were  uniformly  distributed.  I  had  an  impression  at  that 
time  that  M&dler  had  examined  the  stellar  proper  motions  over 
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the  whole  of  the  northern  hemisphere,  and  that  it  was  the  excep- 
tional community  of  proper  motion  in  Taurus  which  had  led  him 
to  form  his  well-known  tneory  respecting  a  central  sun.  It  was 
only  when  I  was  reminded  that  he  nad  in  fact  examined  the  stellar 

{)roper  motions  in  the  neighborhood  of  Taurus  alone,  having  been 
ed  by  independent  considerations  to  regard  that  neighborhood  as 
that  within  which  a  central  sun  was  to  be  looked  for,  that  I  was 
encouraged  to  map  down  all  the  recognized  proper  motions.  To 
my  surprise  I  found  that  in  Gemini,  Cancer,  and  Leo,  a  community 
of  motion  fer  more  strildng  than  that  noticed  by  Madler  in  Taurus 
was  to  be  recognized ;  and  fiirther,  that  though  in  other  directions, 
as  I  had  expected,  stellar  motions  belonging  to  different  depths  in 
space  were  intermixed,  it  was  yet  possible  to  trace  out  laws  of 
association  indicating  the  existence  of  drifting  star-groups  in  these 
directions  also. 

I  lay  very  little  stress  on  the  indications  which  have  led  me  to 
name  the  great  double  cluster  in  Perseus  as  more  likely  to  be  an 
important  center  of  motion  than  the  Pleiades.  But  it  is  worthy 
of  mention  that  Madler  required  a  star  on  the  Milky  Way  as  the 
center  of  the  galaxy,  and  Alcyone  does  not  lie  on  the  Milky  Way; 
he  required  his  center  to  lie  ninety  degrees  from  the  apex  of  the 
solar  motion,  and  Alcyone  does  not  lie  ninety  degrees  from  the 
mean  of  the  last  deteiminations  of  that  point.  The  great  cluster 
in  Perseus  fulfills  both  conditions  in  the  most  perfect  manner. 

A  careful  examination  of  the  proper  motions  of  all  the  fixed 
stars  in  the  catalogues  published  by  Messrs.  Main  and  Stone 
(Memoirs  of  the  Royal  Astronomical  Society,  vols,  xxviii  and 
and  xxxiii)  ha8  led  Mr.  Proctor  to  the  conclusion  that  in  parts  of 
the  heavens  the  stars  exhibit  a  well-marked  tendency  to  drift  in  a 
definite  direction.  "  In  the  catalogues  of  proper  motions,  owing 
to  the  way  in  which  the  stars  are  arranged,  this  tendency  is 
masked ;  but  when  the  proper  motions  are  indicated  in  maps,  by 
afiSxing  to  each  star  a  small  arrow  whose  length  and  direction 
indicate  the  magnitude  and  direction  of  the  star's  proper  motion, 
the  star-drift  (as  the  phenomenon  may  be  termed)  becomes  very 
evident.  It  is  worthy  of  notice  that  Madler,  having  been  led  by 
certain  considerations  to  examine  the  neighborhood  of  the  Pleiades 
for  traces  of  a  community  of  proper  motion,  founded  on  the  drift 
he  actually  found  in  Taurus  nis  well  known  theory  that  Alcyone 
(the  lucida  of  the  Pleiades)  is  the  common  center  around  which 
the  sidereal  system  is  moving.  But  in  reality  the  community  of 
motion  in  Taurus  is  only  a  single  instance,  and  not  the  most  strik- 
ing that  might  be  pointed  out,  of  a  characteristic  which  may  be 
recognized  in  many  regions  of  the  heavens.  In  Gemini  and  Cancer 
there  is  a  much  more  striking  drift  towards  the  southeast,  the 
drift  in  Taurus  being  towards  the  southwest.  In  the  constellation 
Leo,  there  is  also  a  well-marked  drift,  in  this  case  toward  Cancer. 

"  These  particular  instances  of  star-drift  are  not  the  less  remark- 
able, that  the  stars  are  drifting  almost  exactly  in  the  direction  due 
to  the  proper  motion  which  has  been  assigned  to  the  sun,  because 
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the  recent  researches  of  the  Astronomer  Royal  have  abundantly 
proved  that  the  apjjsarent  proper  motions  of  the  stars  are  not  to  he 
recognized  as  principally  due  to  the  sun's  motion.  Mr.  Stone  has 
shown  even  that  we  must  assign  to  the  stars  a  larger  proper  mo- 
tion, on  the  average,  than  that  which  the  sun  possesses.  Looking, 
therefore,  on  the  stars  as  severally  in  motion,  with  velocities  ex- 
ceeding the  sun's  on  the  average,  it  cannot  but  be  looked  upon  as 
highly  significant  that  in  any  large  region  of  the  heavens  there 
should  be  a  community  of  motion  such  as  I  have  described.  We 
seem  compelled  to  look  upon  the  the  stars  which  exhibit  such  com- 
munity of  motion  as  forming  a  distinct  system,  the  m^nbers  of 
which  are  associated  indeed  with  the  galactic  system,  but  are  much 
more  intimately  related  to  each  other.  In  other  parts  of  the 
heavens,  however,  there  are  instances  of  a  star-drift  opposed  to  the 
direction  due  to  the  solar  motion.  A  remarkable  instance  may  be 
recognized  among  the  seven  bright  stars  of  Ursa  Major.  Of  these, 
the  stars  1?,  /,  ^,  e,  and  C  are  all  drifting  in  the  same  direction,  and 
almost  exactly  at  the  same  rate  towards  the  '  apex  of  the  solar 
motion,'  that  is,  the  point  from  which  all  the  motions  due  to  the 
sun's  translation  in  space  should  be  directed.  If  these  five  stars, 
indeed,  form  a  system  (and  I  can  see  no  other  reasonable  explana- 
tion of  so  singular  a  community  of  motion),  the  mind  is  lost  in 
contemplating  the  immensity  of  the  periods  which  the  revolutions 
of  the  components  of  the  system  must  occupy.  M&dler  had 
already  assigned  to  the  revolution  of  Alcor  around  Mizar  (C  Ursje) 
a  period  of  more  than  7000  years.  But  if  these  stars,  which 
appear  so  close  to  the  naked  eye,  have  a  period  of  such  length, 
what  must  be  the  cyclic  periods  of  the  stars  which  cover  a  range 
of  several  degrees  upon  the  heavens  ?  In  like  manner  the  stars 
a,  ^,  and  y  Arietis  appear  to  form  a  single  system,  though  the  mo- 
tion of  a  is  not  absolutely  coincident  either  in  magnitude  or  direc- 
tion with  that  of  ^  and  y,  which  are  moving  on  absolutely  parallel 
lines  with  eaual  velocity.  There  are  many  other  interesting  cases 
of  the  same  Kind."  The  author  hopes  soon  to  be  able  to  lay  before 
the  Royal  Society  a  pair  of  maps  in  which  all  the  well-re<?ognized 
proper  motions  in  both  hemispheres  are  exhibited  on  the  stereo- 
graphic  projection.  In  the  same  maps  also  the  effects  due  to  the 
solar  motion  are  exhibited  by  means  of  great  circles  through  the 
apex  of  the  solar  motion,  and  small  circles  or  parallels  having  that 
apex  for  a  pole.  The  star-drift  described  by  Mr.  Proctor  serves  to 
explain  several  phenomena  which  had  hitherto  been  thought  very 
perplexing.  In  the  first  place,  it  accounts  for  the  small  effect 
which  the  correction  due  to  the  solar  motion  has  been  found  to 
have  in  diminishing  the  sums  of  the  squares  of  the  stellar  proper 
motions.  Again,  it  explains  the  fact  that  many  double  stars  which 
have  a  common  proper  motion,  appear  to  have  no  motion  of  revo- 
lution around  each  other ;  for  clearly  two  members  of  a  drifting 
system  might  appear  to  form  a  close  double,  and  yet  be  in  reality 
far  apart  and  travelling,  not  around  each  other,  but  around  the 
center  of  gravity  of  the  much  larger  system  they  form  part  of 
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While  mftppin^  the  proper  motions  of  the  stars,  Mr.  Proctor  has 
been  led  to  notice  that  the  rich  cluster  aroond  x  Persei  falls  almost 
exactly  on  the  intersection  of  the  Milky  Way  with  the  great  circle 
which  may  be  termed  the  equator  of  the  solar  motion ;  that  is,  the 
great  circle  haying  the  apex  of  the  sun's  motion  as  a  pole.  This 
circumstance  points  to  that  remarkable  cluster,  rather  than  to  the 
Pleiades,  as  the  center  of  the  sidereal  system,  if  indeed  that  sys- 
tem has  a  center  cognizable  by  us.  When  we  remember  that  for 
every  fixed  star  in  the  Pleiades  there  are  hundreds  in  the  great 
cluster  in  Perseus,  the  latter  will  seem  the  worthier  region  to  be 
the  center  of  motion.  The  author  is  disposed,  however,  to 
regard  the  cluster  in  Perseus  as  the  center  of  a  portion  of  the 
sidereal  system,  rather  than  as  the  common  center  of  the  Galaxy. 
— Nature^  No.  8,  March  3. 

V.    MISCELLANEOUS  8CIENTIPI0  INTELLIGENCE. 

1.  NcUional  Academy  of  Sciences:  Idat  of  Papers  read  at  the 
Meeting  in  Aprils  1870,  cU  Washington,  D,  U. — 

On  the  measurement  of  wave-lengths  by  means  of  indices  of  re- 
fraction ;  by  Dr.  Wolcott  Gibbs. 

On  the  coming  Transits  of  Venus,  and  the  mode  of  observing 
them ;  by  Prof  Simon  Newcomb. 

Meridional  arcs  measured  in  connection  with  the  U.  S.  Coast 
Survey;  by  Prof  J.  E.  Hilgard. 

The  Relations  of  the  four  Archetypes  of  structure  of  the  Animal 
Kingdom,  as  parts  of  one  Life  System ;  by  Prof.  A.  Guyot. 

Observations  on  the  Measurement  and  Iconography  of  Crania ; 
by  Dr.  Geo.  A.  Otis,  U.  S.  A. 

The  northmen  in  Greenland ;  by  Dr.  I.  L  Hayes. 

Considerations  on  the  apparent  inequalities  of  long  period  in  the 
moon's  mean  motion,  and  on  the  possible  variability  of  the  sidereal 
day ;  by  Prof  Simon  Newcomb. 

On  the  deviation  of  Compasses  in  iron-clad  ships ;  by  Prof  Wm. 
Harkness,  TI.  S.  N. 

On  Artificial  deformation  of  Skulls ;  by  Dr.  Geo.  A.  Otis,  U.  S.  A. 

On  the  proposed  Astronomical  observatory  in  the  Argentine  Re- 
public ;  by  Dr.  B.  A.  Gould. 

Scientific  operations  now  in  progress  by  the  Smithsonian  Insti- 
tution ;  by  Prof  Joseph  Henry. 

On  the  comparison  of  Barometers ;  by  Dr.  B.  F.  Craig, 

On  the  influence  of  the  interior  structure  of  the  earth,  on  pre- 
cession and  nutation ;  by  Gen.  J.  G.  Barnard,  U.  S.  A. 

Reduction  of  photographic  observations  of  Prsesepe ;  by  Dr.  B. 
A.  Gould. 

On  the  Lignites  of  Western  America ;  by  Dr.  J.  S.  Newberry. 

On  the  use  of  certain  Artificial  lights  in  photographing  objects 
as  seen  with  the  microscope ;  bv  Dr.  J.  J.  Woodward,  U.  S.  A. 

On  the  classification  of  Clouos;  by  Prof  Poey. 

New  breeds  of  Hardy  Silk  Worms,  which  feed  on  the  "  Allan- 
thus  and  Oaks,"  and  the  importance  of  their  introduction  into  the 
country  as  a  future  industry ;  by  J.  Q.  A.  Warren. 
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On  some  of  the  phenomena  attending  the  great  tornado  thnn- 
der-storm  of  Iowa  and  Illinois,  of  June  3rd,  1860;  by  Wm.  L. 
Nicholson. 

Astronomical  Photography ;  by  Lewis  M.  Rutherford. 

Classification  of  Mammals ;  by  Theodore  GilL 

Redemption  periods  of  life-annuities  and  reversions ;  by  E.  B. 
ElUot. 

Description  of  a  new  binocular  for  the  Microscope  to  be  used 
with  high  powers ;  by  F.  A.  P.  Barnard. 

Report  on  Metric  Standards ;  by  J.  E.  Hilgard. 

The  Basalts  of  Oregon,  Washington,  and  Idaho;  by  R  W. 
Raymond. 

On  the  polarization  of  the  atmosphere ;  by  Prof.  Poey. 

A  new  form  of  Quartemions ;  by  Benjamin  Peirce. 

2.  ITie  Mean  Pressure  of  the  Barometer  and  the  Prevailing 
Winds  over  the  Globe  for  the  Months  and  for  the  Tear,  Part  II ; 
bv  Alexander  Buchan,  M. A.,  F.R.S.E.,  Secretary  of  the  Scottish 
Meteorological  Society,  &c.  64  pp.  4to ;  (from  the  transactions  of 
the  Rdy.  Soc.  of  Edinburgh,  vol  xxv.) — ^This  memoir  presents  the 
results  of  a  most  important  research  with  regard  to  the  lines  of 
equal  barometric  pressure,  or  isobaric  lines^  over  the  globe.  The 
results  as  regards  the  months  of  January  and  July  are  given  by 
the  author  on  maps  in  his  Handy  Book  on  Meteorology  published 
two  years  since.  The  paper  here  issued  contains  the  maps  for  each 
of  the  twelve  months,  and  also  another  for  the  means  of  the  year. 
We  cite  a  few  paragraphs  giving  some  of  the  conclusions. 

Distribution  of  Atmospheric  Pressure^  in  December^  January^ 
anfid  February, — ^In  these  months,  the  highest  pressures  are  grouped 
over  the  land  portions  of  the  northern  hemisphere,  and  the  larger 
the  extent  of  the  land  the  greater  is  the  pressure.  The  area  of 
high  barometer  (30  inches  and  upward)  embraces  nearly  all  Asia ; 
aliEurope,  south  of  the  North  and  Baltic  Seas;  the  North  Atlan- 
tic, between  16°  and  46°  lat. ;  the  West  Indies ;  North  America, 
except  the  north  and  northwest ;  and  the  North  Pacific,  between 
8°  and  24°  lat.  There  are  also  two  regions  of  high  pressure  of 
comparatively  small  extent — the  one  in  the  South  Atlantic,  and 
the  other  in  the  South  Pacific. 

The  regions  of  low  pressure  are  the  northern  portions  of  the 
North  Atlantic  and  of  tne  North  Pacific,  including  portions  of  the 
continents  adjoining ;  the  belt  of  low  pressure  in  the  equatorial 
regions,  towards  which  the  trade  winds  dIow  ;  and  the  remarkable 
depression  in  the  Antarctic  regions,  which  probably  is  subject  to 
little  variation  throughout  the  year. 

In  Marchy  pressure  diminishes  over  Asia,  the  middle  and  south 
of  Europe,  and  the  United  States  of  America,  Everywhere  else, 
except  in  the  tropics,  it  is  rising.  This  rise  of  pressure  is  most  ap- 
parent in  the  temperate  regions  of  the  southern  hemisphere.  In 
the  north  of  the  Atlantic  it  is  rapidly  rising,  the  average  pressure 
in  Iceland  now  being  29-609  inches,  thus  showing  an  increase  of 
0*84  inch  as  compared  with  January. 
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In  Aprily  the  heavy  lines  showing  a  pressure  above  the  average 
have  now  all  but  left  Asia,  Europe,  and  the  United  States,  and  the 
isobars  of  80  inches  bowid  a  belt  of  high  pressure  which  completely 
encircles  the  globe  in  the  south  temperate  zone.  Pressure  con- 
tinues to  rise  in  the  north  of  the  Atlantic,  and  to  the  north  of 
North  America,  and  it  is  probable  that  a  space  of  high  pressure  (at 
least  30  inches)  surrounds  the  North  Pole.  In  this  month  pressure 
is  more  equally  distributed  over  the  globe  than  in  any  other  month ; 
for,  excepting  the  Antarctic  Ocean,  it  scarcely  rises  anywhere  above 
30*1  incnes,  or  ialls  below  29*8  inche& 

In  May,  in  the  north  of  Europe,  in  Greenland,  and  in  the  north 
of  America,  atmospheric  pressure  attains  the  maximum  of  the 
year.  Pressure  continues  to  increase  over  the  south  temperate 
zone,  and  the  isobar  of  30*1  inches  now  nearly  extends  round  the 
globe.  At  this  time  the  highest  pressure  in  the  southern  hemis- 
phere occurs  in  the  southeast  of  Australia,  where,  at  Deniliquin,  it 
IS  30*185  inches.  Pressure  is  rapidly  falling  over  Asia  and  the 
United  States. 

In  June,  Jvly  and  August,  pressure  falls  in  the  central  regions 
of  Asia  to  about  29*5  inches,  u^  this  season  this  great  diminution 
of  pressure,  which  may  be  regarded  as  absolutely  determining  the 
summer  climates  of  Asia,  reaches  its  lowest  point.  Pressure  falls 
also  in  the  interior  of  North  America,  where  at  Utah,  Great  Salt 
Lake,  it  is  only  about  29*7  inches.  The  annual  maximum  of  the 
south  temperate  zone  is  attained  in  these  mouths.  The  isobar  of 
30*1  inches  goes  completely  round  the  globe,  and  a  still  higher 
pressure  prevails  over  the  south  of  Africa,  and  over  those  parts  of 
the  ocean  immediately  to  the  west  and  east  of  it.  In  these  months 
the  arrangement  of  the  isobars  may  be  regarded  as  being,  gene- 
rally speaking,  reversed  from  that  of  December,  January,  and 
February,  and  on  this  account  a  comparison  of  these  two  groups 
of  months  is  very  instructive. 

From  this  period,  pressures  increase  over  the  continents  of  the 
northern  hemisphere,  and  diminish  over  the  south  temperate  zone, 
till  the  distribution  of  pressure  is  regained,  which  has  been  already 
shown  to  prevail  dunng  the  winter  months.  In  September  and 
October,  an  interesting  feature  of  these  lines  is  a  very  rapid  dimi- 
nution of  the  pressure  indicated  as  taking  place  in  the  north  of  the 
Atlantic  and  adjoining  regions.  This  is  the  season  of  the  year 
when  the  first  great  decrease  of  temperature  takes  place,  which  is 
accompanied  by  heavy  rains  and  funous  storms.  The  increase  of 
pressure  in  Sweden  in  October,  taken  in  connection  with  the 
simultaneous  decrease  in  Greenland,  Iceland,  north  of  Norway, 
and  the  British  Islands,  is  interesting,  as  bearing  on  the  trans- 
ference of  masses  of  the  atmosphere  from  one  region  to  another. 

In  November,  pressure  rises  considerably  over  the  continents  of 
the  northern  hemisphere,  and  falls  in  the  south  temperate  zone; 
and  the  belt  of  low  pressure  in  the  equatorial  regions  may  be  re- 
garded as  now  passing  completely  round  the  globe.  This  belt, 
towards  which  the  trades  on  each  side  of  the  equator  blow,  does 
not  occur  in  the  summer  months  in  the  Indian  Ocean ;  but,  on  the 
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contrary,  there  is  a  continaous  diminution  of  pressure  northward, 
from  Australia  and  Mauritius  to  the  interior  of  Asia.  It  will  be 
seen  that  in  November,  as  compared  with  October,  the  isobars 
have  advanced  a  little  northward  from  the  British  Isles  to  Ice- 
land, and  eastward  from  Baffin's  Bav  to  Iceland,  thus  indicating 
a^  general  increase  of  pressure  over  the  north  of  the  Atlantic  and 
regions  adjoining.  Comcident  with  this  increase  of  pressure,  there 
occurs  a  diminution  of  pressure  to  the  southeast  of  it,  including 
Austria,  Italy,  and  countries  adjoining  the  Mediterranean ;  and  in 
the  Atlantic  to  the  south  of  it,  from  about  latitude  45°  to  16**N. 
Probably  these  extensive  oscillations  of  the  pressure  are  parts  of 
one  general  movement  of  the  atmosphere,  which  in  one  of  its  mani- 
festations has  been  long  known  to  meteorologists  imder  the  name 
of  the  great  Nc^ember  wave,  but  of  which  no  very  satisfactory 
account  has  yet  been  given. 

In  addition  to  these  changes  in  the  monthly  distribution  oi  the 
pressure,  it  is  probable  that  a  system  of  low  pressures  traverses  the 
continent  of  Africa,  following  the  sun's  course;  but  since  the 
grounds  of  this  supposition  have  been  recently  laid  before  the  So- 
ciety, in  a  paper  on  "  The  Determination  of  Heights,  chiefly  in  the 
the  Interior  of  Continents,  by  Observations  of  Atmospheric  Pres- 
sure,"* it  is  not  necessary  to  reproduce  them  here.  The  probable 
pressure  for  the  months  is  shown  on  the  separate  charts. 

3.  Roycd  Society  of  London. — ^Fifty-three  candidates  have 
offered  themselves  for  the  fellowship  of  the  Royal  Society  during 
the  present  session,  and  in  June  next  fifteen  out  of  the  number 
will  oe  elected. — AtlhenoBum^  March  12. 

4.  Prizes  for  Comets. — ^The  Academy  of  Sciences  at  Vienna 
have  offered  eight  sold  medals  for  the  discovery  of  as  many  com- 
ets during  the  coming  three  years. — Athen.y  ibid. 

Obituary. — Magnus,  of  fierlin,  the  physicist,  died  in  that  city, 
on  the  4th  of  April. 

VL   MISCELLANEOUS  BIBLIOGRAPHY. 

1.  Hand  Book  of  the  Sulphur- Cure  as  applicable  to  the  Vine 
disease  in  America,  and  diseases  of  ^ppl^  CLua  other  Fruit  Trees  ; 
by  William  J.  Flagg,  author  of  "  Three  Seasons  in  European 
Vineyards."  100  pp.  12mo.  New  York,  1 870.  (Harper  &  Broth- 
er).— Mr.  Flagg  is  the  proprietor  of  extensive  vineyards  in  Ohio, 
and  has  devoted  much  stuay  to  the  management  of  vines,  in  health 
and  in  disease.  Those  who  have  read  his  lively  "  Three  Seasons  " 
need  not  be  told  that  he  handles  his  theme  witn  point  and  vivac- 
ity, as  well  as  with  a  discriminating  Judgment  Mr.  Flagg  makes 
no  claim  to  a  scientific  knowledge  of  microderms,  but  he  elearly 
shows,  1st,  that  mildew  in  the  grape  is  always  due  to  a  fungus 
growth,  and  2d,  that  this  fungus,  wnether  Oidium^  JSJrysephe^  or 
another  genus,  is  certainly  destroyed  by  the  early  and  thorough 
apiilication  of  flour  sulphur.  Every  cultivator  who  reads  ^e 
^  Hand  Book,*  must  at  least  accept  the  author's  closing  words,  and 
"  try  it."    It  is  probably  a  misprint  which  states  the  "  gramme" 

*  Prooeedings  of  the  E07.  Soa  Edin.,  vol  vi,  p.  465. 


Digitized  by  VjOOQ  IC 


Miaeellarieoua  Bibltography.  448 

on  p.  50  to  be  about  28  grains,  in  place  of  15*48  grains.  As  it 
clearly  appears  that  sulphur,  in  a  very  fine  state  of  subdivision,  is 
much  pre&red  to  even  finely  pulverized  roll  sulphur,  ground  in  a 
mill,  would  it  not  be  well  to  try  the  precipitated  sulphur  of  the 
Pharmacopeia  (mlphur  precipitatum)  ^  lac  sulphur "  or  ^  milk  of 
sulphur,'*  which  is  an  impalpable  non-crystalline  powder,  and  en- 
HieLj  icee  of  the  acid  which  contaminates  flour  sulphur,  and* which 
is  oJten  hurtful  to  the  delicate  leaves  of  the  growing  grape. 
Every  farmer  could  prepare  his  own  product. 

2.  ITie  Chemical  ForceSy  Beaij  Ltght,  ElectricUy^  with  their  appli- 
cations to  the  eocpansicn^  liquefaction^  and  vaporization  of  Solids: 
the  Steam  Engine :  Photography:  Spectrum  analysis:  the  Oalvanic 
battery:  Electro-plating:  tJie  Electrical  illumination  of  Light- 
Houses:  the  Fire  Alarm  of  Cities:  the  Atlantic  Telegraph:  an  In- 
troduction to  Chemical  Physics,  designed  for  the  use  of  Acade- 
mies, Colleges,  and  Medical  Schools.  Illustrated  with  numerous 
engravinss,  and  containing  copious  lists  of  experiments,  with  di- 
rections for  preparing  them.  By  Thomas  Ruggles  Pynchon,  M.  A., 
Scovill  Proiessor  of  Chemistry  and  the  Natural  Sciences,  Trin- 
ity College.  534  pp.  12mo.  Hartford,  1870.  (O.  D.  Case  <fc  Co.)— 
Prof  Pynchon's  book  is  designed  chiefly  for  a  class  of  readers 
who  would  be  unable  to  follow  him  with  the  aid  of  mathematics. 
"  All  matters  of  which  a  knowledge  could  equally  well  be  obtain- 
ed from  any  good  treatise  on  Natural  Philosophy,  have  been  omit- 
ted," the  author  tells  us  in  his  Preface : — a  statement  which  appears 
hardly  sustained  by  the  rather  copious  list  of  *'  subjects  which 
have  been  most  carefully  elaborated,"  commencing  with  'heat,' 
and  embracing  pretty  much  the  usual  range  of  physical  topics. 
The  work  is  very  neatly  printed,  and  while  it  is  not  well  adapted 
to  the  accurate  drill  of  the  recitation  room,  it  is  a  good  vade  me- 
ettm  for  a  course  of  lectures  on  chemical  physics,  and  for  the  use 
of  the  general  reader,  containing  a  large  amount  of  useful  and  in- 
teresting information  on  various  cognate  physical  subjects. 

8.  7m  Life  of  John  Jamss  Audubon^  the  Naturalist  Edited 
by  his  Widow,  with  an  introduction  by  James  Grant  Wilson. 
443  pp.  12mo.  New  York,  1870.  (G.  P.  Putnam  &  Son.)— This 
charming  biographical  sketch  of  Audubon  is  an  abridgment  of  a 
much  more  extended  memoir  prepared  by  Mrs.  Audubon,  and  sent 
in  1867  to  a  London  publishing  house,  who  employed  Mr.  Robert 
Buchanan  to  prepare  a  single  volume  containing  about  one-fifth  of 
the  original  manuscript  The  American  edition  contains  some 
additions,  and  suppresses  several  objectionable  passages  inserted 
by  the  London  eoitor.  Audubon  was  a  wonderml  combination  of 
artist,  naturalist,  and  enthusiast,  fused  into  an  intense  individuality 
by  a  strong  will,  and  gilded  by  heroism  and  poesy. 

American  ornithology  has  always  been  fortunate  in  its  histori- 
ans and  devotees,  among  whom  the  names  Wilson,  Nuttall  and 
Audubon  must  always  stand  preeminent;  and  this  loving  tribute  of 
a  devoted  wife,  who  was  always  the  sympathizing  companion  of 
her  husband,  will  revive  in  the  present  generation  something  of 
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the  admiration  for  the  genios  of  Audubon,  which  his  gentle  voice 
and  child-like  simplicity  ever  kindled  in  his  contemporaries. 

Audubon  kept  a  copious  journal  of  his  daily  life,  from  which 
much  of  the  present  volume  is  drawn,  and  its  perusal  excites  the 
hope  that  in  due  time  we  may  see  the  entire  work,  of  which  this 
sketch  may  be  considered  as  only  the  precursor.  Inman's  spirited 
portrait  of  Audubon,  engraved  by  Hall,  prefaces  the  volume,  which 
IS  in  all  respects  worthy  the  good  taste  of  the  publishers.         s. 

4.  A  Physidan^a  Problems;  by  Chablbs  Eulh,  M.D.  pp. 
400,  12mo.  1869.  Boston,  (Fields,  Osgood  &  Co.)— This  is  a 
carefully  written  and  philosophical  discussion  of  some  of  the 
most  important  'Problems'  which  can  engage  the  attention  of 
the  medical  man.  The  list  of  topics  discussed  is  sufficiently  sug- 
gestive. I.  Natural  Heritage ;  II.  On  Degeneration  in  Man ;  ILL 
On  Moral  and  Criminal  Epidemics;  IV.  Body;  V.  Mind;  VL 
Illusions  and  Hallucinations ;  the  demon  of  Socrates ;  the  amulet 
of  Pascal ;  VIL  On  Somnambulism ;  VIIL  Revery  and  Abstrac- 
tion. This  book  addresses  a  much  larger  class  of  readers  than 
that  to  which  it  is  specially  addressed  and  while  the  author's 
views  may  not  be  universally  accepted,  his  discussion  of  them  is 
scholarly  and  always  interesting.  s. 

Palaeontology  of  the  Geological  Survey  of  New  York,  by  James  HalL  YoL  lY, 
Part  1.     428  pp.  4to,  with  69  plates.    Albany,  N.  Y.   1870. 

Handbook  of  Zoolotry,  with  examples  from  Canadian  species,  recent  and  fossiL 
By  J.  W.  Dawson.  Part  L — ^Invertebrata,  with  275  illustrations.  224  pp.,  12mo. 
Montreal.  1870. 

^-Procbbdinos  and  Communications  Essex  Institutb,  YoL  YI,  Part  1. — ^p.  1; 
Description  of  Mexican  Ants  noticed  in  the  Amer.  Nat.  April,  1868;  E.  Nortcm, — 

§.  10,  Phalange®  of  the  United  States;  H.  O,  Wood. — ^p.  41,  Insects  inhabiting 
alt  Water;  A,  S.  Packard^  Jr. — p.  61,  Synopsis  of  tiie  Polyps  ajid  Corals  of  the 
North  Pacific  Exploring  Expedition ;  A.  E.  VerriJL 

Annals  Ltcbum  Nat.  Hist.,  Nbw  York,  YoL  IX,  Na  9. — p.  281,  Notes  on 
the  Lingual  Dentition  of  Mollnsca,  No.  1 ;  W.  O.  Binney,  T.  BlaruL^p.  29S,  Notes 
on  species  of  the  family  Corbiculads,  T.  iVff?ie. — ^p.  301,  Reyiew  of  the  Pish  of 
Cuba  belonging  to  the  genus  Trisotropis.  with  an  Introductory  Note  by  J.  C.  Bre- 
voort;  K  Poey. — ^p.  309,  Note  on  the  Hemaphroditism  of  Pish;  F.  Poey, — p.  310, 
Lepidopterological  Miscellanios,  No.  2;   C.  T.  Robinson, 

Procbbdinos  Acad.  Nat.  Sol,  Philadelphia,  Noe.  2,  3, 1869. — ^p.  83,  Remarks 
on  the  Blastoidea,  with  Descriptions  of  New  Species;  F.  B.  Metk^  A.  H.  Worfhen, — 
p.  93,  Review  of  the  species  of  the  Plethodontids  and  Desmognathid® ;  K  D. 
Cope. — p.  119,  Further  Notes  on  Microscopic  Crystals  in  some  Gfems;  /.  Lea, — p. 
121,  Sexual  Law  in  the  Conifers;  T^-MeeKan. — p.  124,  Descriptions  of  six  new  spe- 
cies of  Fresh  Water  Shells;  /  Lea. — p.  125,  Notice  of  some  obscurely  known  spe- 
cies of  American  Birds;  R.  Ridgway. — ^p.  137,  Descriptions  of  new  Carboniferous 
Fossils  f^om  the  Western  States.— p.  173,  Auroral  Display  of  April  15,  1869;  J. 
Ennia. — ^p.  176,  On  the  production  of  Bractea  in  Larix;  T.  Meehan. — p.  180,  On 
Yariation  in  the  genus  .^Egiothus;  E.  Cowea. — ^p.  189,  Law  of  Development  in  the 
flowers  of  Ambrosia  artemisiiefolia;  T.  Meehan. — ^Biological  and  Miorosoopical 
Dbpabtment. — p.  5,  Sections  of  Hard  Tissues  and  other  substances  for  the  Micro- 
scope ;  G.  Johnson  — ^p.  1 1,  Machine  for  grinding  sections  of  hard  sobstanoea  for 
Microscopic  purpose.^. — ^p.  15,  Desmids  from  Saoo  Pond,  N.  Hampshire ;  ff.  C.  Wood. 

Prooeedinos  Boston  Soc.  Nat.  Hist.,  YoL  XIIL — ^p.  196,  On  tiie  Parallel 
Ridges  of  Glacial  Drift  in  Eastern  Mass..  with  some  remarks  on  the  Glacial  Period, 
N.  S.  Shaier.—^.  206,  Description  of  Nest  of  White  Ant;  F.  MuUer^  H.  Hagen.-^ 
p.  206,  Genital  Annature  of  Butterflies;  S.  H.  Scudder.-^p.  209,  Notes  on  Diato- 
maoeffi ;  A.  M.  Ednoairda. — ^p.  221.  Description  of  the  Larra  and  Chrysalis  of  Plpflio 
Rutulus;  S.  H.  Scudder.-^p.  222,  The  Phosphate  Beds  of  South  Carolina;  N.  S. 
Shaler. — ^p.  236,  Euleptorhamphus  longirostris  on  the  Coast  of  Mass. ;  F.  W.  Putnam. 
—p.  240,  Revision  of  the  Classification  of  the  MoUusoa  of  Masa ;  W.  R  DaXL 
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Cope,  E  D^  Bxtinct  cave  mammals  of 
U.  &,  noticed,  273. 
megadactylus  polyzelus,  390. 

Copper,  chemistry  of,  HuiU,  163. 

Corals,  new.  VeniO^  370. 

CoUa'e  Ore  Deposits,  noticed,  271. 

OroiftB,  J,  M.,  combinations  of  sUiocxi  with 
alcoholic  radicals,  307. 

Oraftife  Qualitative  Analysis,  142. 

Crocodile,  in  Florida,  Wyman,  105. 

Orookts's  MetaUnrgy,  noticed,  144,  286. 
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Dana,  J,  D.^  Geology  of  the  New  Haven, 

region,  etc.,  noticed,  276. 
Daviiaony  (?.,  effects  of  Sun^s  heat  on  a; 

sand-hill,  265. 
DeUsse,  Lithologie  des  men,  144,  286. 
Diamonds  in  Australia,  275. 
Dissociation  of  ammoniacal  compounds, 

Jsambert,  387. 
Downing,  A.  /.,  FruitSi  etc.,  of  America, 

noticed,  142. 
Dredging,  Ocean,  129,  410. 

B 

Earthquake  waves,  etc.,  Ooan^  269. 

Eclipse,  see  Sun. 

Edwordi^B  Butterflies  of  N.  America,  part 
6,  noticed,  427. 

Ekm^a  Phjrsidans'  Problems,  444. 

Electrical  machine,  form  of  discharge  be- 
tween poles  of,  Wright,  381. 

Electric  spark,  figures  produced  bj,  289. 

Elevations,  see  BLbiobts. 

E<XK)on  in  Massachusetts,  76. 

Erdmann,  A.  J.,  obituary,  144. 

Erdmann,  0.  L.,  obituary,  144. 

Essex  Institute,  proceedings  of,  444. 

Exposition,  U.  S.  Reports  of  Paris,  287. 

P 

Fischer's  Salt,  SadUer,  189. 

Flagg'a  Handbook  of  the  Sulphur-Oure  for 

the  vine  disease,  etc.,  noticed,  442. 
Foraminifera  in  depths  of  ocean,  415. 
Force  and  Will,  Chuli^  277. 
Fossils,  iEpyomis,  275. 

birds  of  Cretaceous,  eta,  206,  273. 

Grinoids,  BHUnqa,  61. 

Dinomis,  Aa,  in  Australia,  273. 

Elasmoeaurus  of  Ck>pe,  Leidy,  392. 

Eozoon  in  Maes,  75. 

Extinct  Oave  Mammals,  Chptj  273. 

Extinct  Mammato  of  Dakota,  Leidy, 
274 

on  mixtures  of  Cretaceous  and  Eo- 
cene, Gowrad^  275. 

Upper  Helderberg,  ffaU,  276. 

M  egadactylus  of  Hitohoodc,  Oope,Z90. 
Freseniua,  Jolmsoii's  edition  ol^  255. 

0 

OaUatm,  A,  If.,  on  ammooiom,  and  on 
tests  for  nascent  hydrogen,  256,  257 

Gkts,  relation  of  light  firam,  to  volome 
consumed,  SilUman,  17. 

Gas  well  in  New  York,  Wwtt,  836. 

Qasteropods,  sulphuric  acid  of,  420. 

Gkological  map  of  Canada,  Logan^  394. 
report  of  Colorado,  Hoyden^  258. 
report  of  the  YeUowslone  and  IGs-j 
souri,  118. 


Geological  survey  of  Califomia,  400. 

Ohia  noticed,  400. 
Geology  of  the  Bashi  of  the  Great  Lakes, 
eta,  Newberry,  111. 

of  the  New  Haven  region,  eta,  no- 
ticed, Dana,  275. 
see  F086IL8. 
CfMs,  W,,  method  of  avoiding  observa- 
tions of  temperature  and  pressure  in 
gas  analyses,  377. 
physical  abstracts,  106,  251,  386. 
Sprengel's  pump  in  analysis,  378. 
Glacial  climate,  Murphy,  115. 
Ooe&mann,  C.  A,,  chemistry  of  salt,  78. 
Gold,  of  Victoria,  Smyth,  283. 
Gouid,  B.  A.f  on  trans- Atlantic  longitude, 
228. 
force  and  wiD,  277. 
OctUd's  Invertebrata  of  Mass.,noticed,423. 
Graham,  T.,  obituary,  144. 
Grape  vine,  Sulphur-Cure  for  disease  ofj 

noticed,  Flagg,  442. 
Gray,  A.,  botanical  notabOia,  120. 
necrology,  129. 
notices,  403. 


BdU,  J.,  shells  of  the  Upper  Helderbeiy, 

eta,  noticed,  276. 
RareaurCs  Exercises  in  Chemistry,  141. 
Hawaii,  volcanic  action  on,  Cbon,  393. 
Hoyden,  report  on  the  YeUowstone  and 
Missouri,  noticed,  118. 
geol  survey  of  Colorado,  eta,  258. 
Hayee,  A,  A.,  color  of  water  of  Lake  Le- 

man,  186. 
Heat,  of  combination  of  boron  and  silicoii 
with  chlorine  and  oxygen,  386. 

emission  and  absorption  of^  MagwuM^ 
106. 

reflection  of,  from  fluor  i^ar,  eta, 
Magnus,  107. 
of  Sun,  effects  on  a  sand-hill,  265. 
Heights  of  peaks  in  Rocky  Mta,  398. 
Heeeenberg^s  Mineralogische  Notizen,  402. 
Hind,  H,  T.,  Laurentian  in  N.  Scotia,  347. 
Huggins,  heat  of  stars,  108. 
Humboldt,  life  of,  Stevens.  L 
Hunt,  T.  5..  Laurentian  rocks  in  Mass.,  75. 
chemistry  of  copper,  163. 
on  norite,  180. 

Labradorite    rodcs  at   Marblehead, 
398. 
Hydrogen,  nascent,  tests  for,  256,  257. 
Hydroxylamin,  synthesis  o^  Loesen,  254. 


Insects,  Packard's  Guide  to  the  Study  of, 

noticed,  285. 
Isambert,  dissodatfon  of  ammoniatial  oom- 

poonda,  887. 
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Johnaon^B  editioo  of  Freaeiiius,  256. 
How  Oops  feed,  notioed,  403. 


KknhaU^  J.  P.,  Silrer  mines  of  Chihuahua, 

161. 
Kirkwoodf  D.J  periods  of  meteoric  rings, 

429. 
Kurr,  J.  G.^  mineralogy  of,  noticed,  119. 


Labradorite  or  norite  rock,  ffwUf  180, 398. 
Land-slide,  Ferkini^  168. 
Lartety  Beliquin  AquitanicsB,  noticed,  144. 
Laorentian  rocks  in  Mass.,  76. 

and  Huronian  of  N.  Scotia,  eta.  347 
Leidy,   «/;,    Elusmosaurus   platjuros  of 
Cope,  392. 

extinct  mMnmaliAii  fauna  of  Dakota, 
etc.,  noticed,  274. 
light,  action  on  sulphuroua  add,  368. 

from  gas,  see  GAa 

see  further  PHoroMBTRia 
lighting  power  for  buoys,  284. 
LiTingstone*s  AfHcan  Explorations,  14. 
Loehyefj  spectrum  analysis,  432. 
LoeWy  0.,  action  of  sunlight  on  sulphurous 
add,  368. 

ozone  fhxn  rapid  combustion,  369. 
Logan^s  geological  map  of  Ouzuida,  394. 
Longitude,  trans-Atlantic,  CfouUt^  228. 
LosHny  Hydroxylamin,  264. 
Lunar  ra^tion,  438. 
LydCa  Handbook  of  Ferns,  noticed,  404. 
Lyceum  Nat  Hist,  N.  Y.,  Annals,  288, 


Magnasy  on  heat,  106, 107 ;  obituary,  442. 
Mammals  of  Massachusetts  AUm^  134 
Manhy  0.  C,j  birds  from  the  Cretaceous 

and  Tertiaiy  of  U.  a,  205,  272. 
Metallurgy,  Orookes's,  noticed,  144,  286. 
Meteoric  irons,  analysis  of.  Smith,  332. 

iron  of  Franklin  Ca,  331. 

rings,  periods  of,  Kirkwood,  429. 
Meteorttea,  fall  of,  in  Alabama,  SmiUh,  90. 
Meteorite,  flight  of,  in  Ohio,  SmUh,  139. 
Meteors,  see  Shsokng  Stan. 
Uicroeoope,  mechanical  finger  for,  304 
MOne-Edwarday  J&pjormBy  275. 
Mineralogy,  Adafrl§  Tableau,  1 19. 

Kwrf^8y  noticed,  119. 

Asbestos,  in  Mass.,  271;  Atekstite, 
401;  Colutnbium  minerals,  402 ;  Co- 
rundiiminMass.,  272;  Bulytite.401; 
Gibb8ite,402;  HaUoyaite,  402 ;  Leu- 

•  Omitted  In  Index  to  left  rohune. 
Ifecnettte  In  the  mien  of  Pennilmrr,  In  reply  to 
Q.Boee,80O. 


Minerals— 

dte,  335;   Mica,  401;   Mica  alter- 
ed at  Pelham,  272;  Pencatite,  402; 
Predazzite,  402:   Samarskite,  402; 
Selagite,  (a  rock),  401;    Tantalum 
minerals,  402;  WaveUite,  402. 
Isomorphism  of  gadolinite,  datolite  and 
eudase,  400. 
Minerals  of  Elba,  402. 
Moon,  radiation  of,  438. 
JfoTtfe,  E,  S.,  on  Brachiopods,  103. 
Murphy^  J.  c/.,  cause  of  glacial  climate, 
115. 

H 

"  Nature,"  a  weekly,  noticed,  287. 
Naval  Observatory  Report  ou  the  Eclipse, 

134 
Newberry,  J.  S.,  Geology  of  Basin  of  the 

Great  Lakes,  etc.,  111. 
old  water  courses,  267. 
on  Ohio  geological  survey,  400. 
Newton,  H.  A.,  Nov.  meteors,  1869,  244. 
Nickel  manufacture,  products  of,  366. 
Norite  or  Labradorite  rode,  J9ttn(,180, 398. 
Norton,  W.  A.,  molecular  physics,  24 


Obituabt — 
A.  J.  Erdmann,  144;  0.  L.  Erdmann, 

T.  Graham  144;  George  Jones,  284; 

Magnus,  442;   Midiael  Sars,   144; 

F.  Unger,  410. 
Ocean,  life  in  depths  of,  129,  415. 

temperature  of  at  depths,  410. 

on  tiie  currents  of,  413. 
Ozone  from  rapid  combustion,  Loew,  369. 


Padcard^s  Guide  to  the  Study  of  Iii sects, 
noticed,  285. 

Paris  Exposition,  Bamard*s  report,  176. 

Parkhurst,  H.  M.,  photo-mapper,  37. 

Perkinsy  G.  K,  on  a  land-slide,  158. 
molluscan  fauna  of  New  Haven,  276. 

Peters,   E.  H.  R,  elements  of  Asteroid 
(109),  277. 

Photoheliograph,  work   done    with,    at 
Kew  observatory,  431. 

Photo-mapper,  Parkhvrsty  37. 

Photometric  experiments,  Bood,  145. 

Photo-micrography,  magnesium  and  elec- 
tric lights  in,  Woodward,  294. 

Physidaos'  Problems,  Elam,  noticed,  444 

Physics,  molecular,  etc.,  Norton,  24 

Plants,  see  Botany. 

Platinum  compounds,  Schneidor,  109. 

Polarity  in  animals,  and  polycephalism, 
Clark  69. 

Premium  offered  by  the  Netherland  So- 
ciety, etc,  284 

Prizes  for  discovery  of  comets,  442. 
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Proctor,  R,  A.^  star-drifl,  436. 
Pyv^chofCa  chemical  physics,  noticed,  443. 

B 

Raihy  G.  v.,  Mineralogical  Oontrihutions, 

noticed,  401. 
Reale  Comitato  geologico  dltalis,  401. 
Reimann  on  Aniline,  142. 
Rogers,  W.  A,,  Asteroid  (1091 142,  428. 
Rocky  Mts ,  explorations,  WhUney,  398. 
Rood,    0.  N.,  photometric  experiments, 

part  I,  146. 
Roiscoe's  Spectrum  analysis,  noticed,  389. 
Royal  Society  of  London,  442. 

s 

SadOer,  S.  P.,  Fischer's  salt,  189. 
Salt,  chemistry  of^  Ocusmann,  78. 
Sars  fund,  283. 
Sars,  Michael,  obituary,  144. 
Schneider,  new  sulphur  salts,  108,  263, 

platinum  compounds,  109. 
Sea,  see  Ocean, 

Sedey,  H.  (?.,  Omithopsis,  393. 
Sharawood,    W.,  on  the  discovery  that 

Unios  are  sensitive  to  light,  422. 
Shooting  stars  of  Nov.,  1869,  244. 
Silicon,  combinations  of,  with  alooholic 

radicals,  tViedd  A  Orafls,  307. 
SiiUman,  B.^  relation  of  light  from  gas  to 

volume  consumed,  17. 
on  flame  temperatures,  339. 
Silver  mines  of  Chihuahua,  161. 
SiMth,  J.  L.,  Alabama  meteorite,  90. 
meteorite  in  Ohio,  139. 
Franklin  Co.  meteoric  iron ;  and  anal- 

jrsis  of  meteoric  irons,  etc,  331. 
on  alkalies  in  leudte,  336. 
Smith,  S.  /..  on  Amer.  Crustacea,  Na  1, 

noticed,  426. 
Smyth,  R.  B,  Gold  Fields,  eta,  of  Victo- 
ria, noticed,  2^3. 
Sorhy,  spectra  of  zirconium  and  uranium 

compounds,  387. 
Spectral  analysis  of  the  Stars,  68. 
Spectroscope,  a  new,  Zollner,  68. 
Spectrum  anidysis,  Lochyer,  432. 

Roecoe'e,  389. 
Star-drift,  436. 
Stars,  heating  power  of,  434. 
Stars,  heat  of,  Hi^ggma,  108. 
Stars,  spectra  of,  68. 
Stevens,  Henry,  life  of  Humboldt,  1. 
Stewart,  B.,  auroral  appearances,  etc,  281. 
Storms,  telegraph  to  announce,  282. 
Sulphur  salts,  new,  Schneider,  108,  263. 
Sulphurous  add,  action  of  sunlight  on, 

Loew.  368. 
Sulphuric  add  of  gasteropods,  420. 
Sun,  edipse  of,  134. 


Temperatures  of  flame.  339. 
Thallium,  ethyl  compounds  of^  389. 
Theory  of  existence,  noticed,  286. 
Tin,  separating  from  arsenic,  etc.,  48. 
Traill's  Treatise  on  Quartz  and  Opal,  403. 
Droost,  heat  of  combination  of  boron  and 
silicon  with  dilorine  and  oxygen,  386. 


Vegetable,  see  Botavt. 
Venus,  transit  of,  436. 
VerriU,  A.  E.,  Edunoderms  and  Corala 
ftxMn  Gulf  of  California,  93. 

sea-urchin  of  N.  England,  101. 

deep-sea  faunie  fixHn  recent  dredge 
ings,  129. 

shells  of  Gulf  of  Califomia,  217. 

new  Corals,  370. 

zoological  notices,  129,  273,  276, 423. 
Volcanic  crater  of  Maui,  43. 
Vdcano  of  Kilaaea,  eta,  Cbon,  269. 


Water  of  lake  Leman,  cdor  of;  Eayee^  186. 

Weisbach's  Mechanics,  noticed.  144, 

Wha/rUm,  J.,  products  of  nickd  muiQ- 
facture,  366. 

Whitney,  J.  D.,  explorations  in  Rocky 
Mts.,  398. 

Windieirs  Sketches  of  Creation,  400. 

Winda  motion  of  dome  at  Washington 
by,  384. 

Wing,  C,  K,  on  double  sulphates,  366. 

Woodward,  J,  J.,  magnesium  and  elec- 
tric lights  in  photo-micrography,  294. 

Wright,  A.  W.,  form  of  discharge  between 
poles  of  electrical  madiine,  381. 

Wurtz,  K,  gas  well  in  New  Yoric,  336. 
on  flame  temperatures,  339. 

WymMn,  J.,  on  a  crocodile  in  Florida,  106. 

z 

ZoUner,  J.  0,  F^  new  Spectroscope,  eto ,  68. 

ZOOLOOT— 

Bradiiopods,  early  stages  oi;  JTone,  103. 
Amer.  Crustacea,  Na  1,  Smith,  420. 
Butterflies  of  N.  America,  part  6,  427. 
Echinoderms  and  Corals  from  Golf  of 

California,  VerriO,  93. 
Gasteropods,  sulphuric  add  of,  420. 
moUuscan  fauna  of  New  Haven,  276. 
new  oorals,  VerriH,  370, 
Pennatula  F&mily,  by  Richiardi,  426. 
sea-urdiin  of  N.  England,  VerriU,  101. 
Bhellsof  Gulf  of  California,  F<rria;si7. 
see  farther,  FoasiLa 
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Art.  L — Photometric  Experiments.  Pabt  Second. — On  the 
amount  of  light  iransmUted  by  plates  of  polished  crown  glass  at 
a  perpendicular  incidence ;  by  Ogden  N.  Rood,  Professor  of 
Pfiysics  in  Columbia  College. 

It  would  seem  that  in  the  direct  photometric  experiments  on 
this  matter,  the  instrumental  means  employed  have  been  more 
or  less  defective,  in  consequence  of  which  the  results  gained, 
although  having  a  certain  amount  of  general  correctness,  still 
leave  much  to  be  desired.  The  main  sources  of  error  have  been, 
first,  the  use  of  a  defective  mode  of  making  the  compensations, 
not  allowing  the  experimenter  to  take  fall  advantage  of  the  ^n- 
sitiveness  of  the  eye,  and  secondly  the  employment  of  two  sources 
of  light,  which  always  brings  with  it  another  set  of  unavoidable 
errors.  Apart  fix)m  this,  in  cases  when  the  amount  of  reflected 
or  transmitted  light  has  been  thus  approximately  obtained,  the 
indices  of  refraction  of  the  substances  used  do  not  seem  to  have 
been  determined,  so  that  for  perpendicular  incidence^  slender  data 
exist  for  comparing  the  results  of  theory  and  experiment 

It  will  be  seen  in  what  follows,  that,  to  avoid  the  variability 
caused  by  two  sources  of  light,  I  have  devised  a  method  in 
which  only  a  single  gas-flame  is  employed,  the  light  being  di- 
vided in  such  a  way  tnat  a  certain  portion  of  it  always  illumi- 
nates the  posterior  side  of  the  screen,  while  the  other  portion  is 
reflected  firom  a  movable  mirror,  and  pursues  its  way  unob- 
structed to  the  screeii;  or  is  transmitted  to  it  by  the  plate  imder 
experiment  The  compensation  is  made  by  moving  the  mirror, 
A3I.  JotJB.  8ci.— Second  Sbbibs,  Vol.  L,  No.  148.— July,  1870. 
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and  when  once  effected  of  course  remains  undisturbed  by  fluc- 
tuations of  the  flama  In  addition  to  this  it  will  also  be  observed 
that  a  more  delicate  screen,  constructed,  however,  on  the  general 
principles  indicated  in  the  first  part  of  this  paper,  has  been  em- 
ployeo,  and  these  modifications,  taken  in  connection  with  cer- 
tain precautions  described  below,  have  given  the  results  an 
accuracy  superior  to  that  attained  in  the  experiments  on  silver 
mirrora 

Arrangement  of  the  photometer  ttnth  a  single  gas  flame  for  ex- 
periments on  the  amount  of  light  transmitted  by  plates  of  various 
svistances. 

The  source  of  light  is  a  small  gas  flame  at  L,  about  an  inch 
in  height,  the  gas  flowing  as  before  from  a 

Elain  circular  opening.  A  portion  of  its 
ght,  LA,  directly  illuminates  the  screen 
S,  while  another  portion  N  A  is  reflected 
on  the  screen  by  a  Liebig's  mirror,  one 
protected  by  a  coating  or  copper  being 
selected:  this  equalizes  the  light  on  both 
sides  of  the  bare  "spot"  in  &  A  third 
portion  of  the  light  nx)m  L  fidls  on  M,  a 
mirror  like  that  just  mentioned,  and  there 
is  reflected  perpendicularly  through  P, 
the  plate  under  examination,  on  G  the 
ground  glass.  It  will  be  observed  that 
3ie  path  pursued  by  the  light  in  this  lat- 
ter case  IS  the  distance  LM+MG:  by 
the  graduation  on  the  instrument  M  G  is 
actually  measured,  GP  is  known;  also 
PL ;  hence  we  have  the  means  of  calcu- 
lating the  distance  ML,  which  is  to  be 
added  to  M  G,  giving  the  distance  requir- 
ed. As  these  calciuations  involve  some 
labor,  I  constructed  for  my  instrument  a  table  by  which  the 
measured  distance  GM,  is  readily  converted  into  the  total  dis- 
tance. 

The  photometer  was  the  same  as  that  described  in  the  first 
part  of  this  paper,  the  following  changes  having  been  intro- 
duced :  the  "  spot "  on  the  screen  was  made  much  smaller,  being 
only  about  j\  of  an  inch  in  horizontal  diameter,  with  a  lengtE 
about  three  times  as  great;  it  was  observed  by  a  small  telescope 
T,  magnifying  six  diameters.  This  r^uction  in  the  size  of  the 
"  spot  rendered  it  possible  to  illuminate  the  ground  surrounding 
it  m  a  manner  beyond  reproach. 
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Mode  ofadjusUng  the  appa/rcakis  for  experiment 

1st  The  center  of  the  flame  at  L,  and  the  center  of  the  mir- 
ror M,  must  be  at  the  same  height  above  the  common  base. 

2n(L  The  screen  and  plates  to  be  examined  are  to  be  made 
perpendicular  to  the  axis  of  the  instrument,  by  the  aid  of  the 
small  gas  flame  mentioned  in  the  first  part  of  this  paper:  the 
telescope  T  is  also  most  readily  coUimated  by  the  use  of  the 
same  name,  the  screen,  &c,  having  been  temporarily  removed. 

Srd.  The  mirror  M  evidently  must  be  brought  into  such  a 
position  that  it  shall  send  the  ray  MP  perpendicularly  to  P,  or 
along  the  axis  of  the  instrument  when  its  distance  is  such  as  to 
effect  compensation ;  for  if  the  reflected  ray  were  sent  obliquely 
through  the  ground  glass  plate  Q-,  noticeable  errors  would  be 
introduced.  This  adjustment,  which  is  important  if  good  results 
are  expected,  is  best  effected  by  making  one  or  two  compensa- 
tions so  as  to  determine  approximately  the  correct  distance  of 
the  mirror,  which  is  then  rotated  on  its  vertical  axis  so  that  the 
reflected  image  of  the  flame  is  made  to  fall  in  the  center  of  the 
field  of  the  telescope,  the  screen  having  been  previously  removed. 
By  a  repetition  of  this  operation  finally  the  mirror  is  brought  into 
its  proper  position,  when  a  single  series  of  measurements  can  be 
made,  the  minute  differences  in  the  individual  compensations 
introducing  no  appreciable  errors.  When,  however,  the  com- 
pensation point  itself  has  been  shifted  by  the  introduction  or 
removal  of  a  plate  of  glass,  the  mirror  will  correspondinglv  be 
moved  away  or  toward  S,  and  of  course  the  ray  MP  will  be 
sent  a  little  to  the  right  or  left,  and  it  becomes  necessary  to  de- 
vise some  simple  way  in  which  this  difl&culty  can  be  obviated, 
without  in  each  instance  removing  the  screen  and  altering  the 
focus  of  the  telescopa 

The  mirror  then  being  actually  in  adjustment,  this,  when  lost, 
can  be  recovered  as  follows :  in  the  screen  B  about  four  inches 
above  the  telescope  is  a  circular  aperture  yV  of  ^^  ii^ch  in 
width ;  the  reflection  of  the  flame  m  the  mirror  is  observed 
through  it  with  the  naked  eye,  and  the  image  of  the  flame  is 
seen  higher  up  on  the  mirror,  and  is  made  to  coincide  with  a 
short  black  line  drawn  there  previously.  The  ray  MP  can  al- 
ways thus  be  made  to  coincide  with  the  axis  of  the  instrument, 
it  not  even  being  necessary  for  the  observer  to  leave  his  seat  or 
diminish  the  sensitiveness  of  the  eye  by  exposure  I  am  paiv 
ticular  in  describing  this  precaution,  having  m  my  own  case  re- 
jected the  results  of  1300  compensations  which  were  made  with 
a  comparative  lack  of  attention  to  this  single  point 
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Mode  ofm^CLSuring  the  ammmJt  of  light  transmitted  by  a  plate  of 

glass,  dc. 

1st  The  plate  is  placed  at  P  and  collimated  by  the  use  of  the 
small  gas  flama 

2iid.  A  compensation  is  effected  by  moving  the  mirror. 

8rd.  The  mirror  is  adjusted  by  the  use  of  the  aperture  in  B, 
and  another  compensation  made,  followed  by  a  second  adjust- 
ment of  the  mirror,  if  necessary. 

4th.  A  series  of  careful  compensations  are  now  made,  alter- 
nately  by  the  approach  amd  recession  of  the  mirror;  these  are  rois- 
tered on  the  nDet  of  paper. 

5th.  The  plate  is  removed  without  the  experimenter  changing 
position  or  exposing  the  eye  to  bright  light,  and  a  compensation 
IS  made  which  necessitates  of  course  a  new  adjustment  of  the 
mirror  bv  the  aid  of  the  aperture  in  the  screen  B.  Finally,  a 
series  of  compensations  are  effected  with  the  free  flame  and 
registered. 

At  this  point  it  may  be  well  to  notice  an  objection  which 
might  be  urged  to  this  mode  of  experimenting,  viz :  it  is  evident 
that  the  angles  at  which  the  light  is  reflected  from  the  mirror 
will  not  be  identical  in  the  presence  and  absence  of  the  plate  of 
glass,  and  as  the  amount  of  light  reflected  by  glass  and  silver 
varies  with  the  angle  of  reflection,  this  might  become  a  source 
of  error  and  necessitate  a  correction.  With  the  plates  of  color- 
less glass  employed  by  me,  however,  the  angle  m  one  case  was 
5^  80'  and  in  the  other  5°  18',  the  difference  of  12'  being  much 
too  small  to  produce  an  appreciable  effect,  as  we  know  from  the 
results  of  older  experiments. 

For  the  purpose  of  showing  what  can  be  effected  by  this 
method,  I  can  perhaps  do  no  better  than  give  the  results  of  five 
sets  of  experiments ;  each  of  them  consisted  of  four  sets  of  eight 
double,  or  sixteen  single  compensations,  and  during  the  progress 
of  each  trial  the  conditions  remained  the  same.  The  experi- 
ments were  made  as  follows :  eight  double  compensations  were 
effected  with  the  photometer  and  roistered ;  then  everything 
being  arranged  as  before,  a  new  set  of  compensations  were  made, 
&C.,  all  of  which  was  repeated  four  times.  The  arithmetical 
mean  of  the  distances  of  tne  source  of  light  from  the  screen  was 
then  obtained  separately  for  each  of  the  four  experiments,  and 
from  these  four  mean  values  of  the  distance,  a  final  mean  value 
was  deduced.  This  last  quantity  was  then  squared  and  com- 
pared separatelv  with  the  squares  of  each  of  the  first  four  mean 
distances,  which  proceeding  tells  at  once  the  difference  of  the 
four  results  from  the  final  mean  result,  in  per  cents  or  fractions 
of  a  per  cent,  and  is  adapted  to  give  an  idea  of  the  d^ree  of  ac- 
curacy to  be  expected  in  this  kind  of  observation. 
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Differences  from  mean  in  per  cents : 

Na  1.  No.  2.  No.  3.  No.  4.  No.  5. 

+  •012  --276  --252  +-578  -102 

+  •847  +-126  -•137  --208  +-057 

+  168  -124  +885  -'060  +-041 

-•612  +^276  +-007  --308  +^05 

It  will  be  observed  tbat  in  the  twenty  experiments,  only  two 
cases  occur  in  whicli  the  difference  rises  slightly  above  one  half 
per  cent,  or  above  ^K  of  the  whole  quantity  of  light,  while  in 
nearly  all  the  other  cases  the  difference  iEalls  considerably  below 
this  quantity,  and  the  average  of  their  differences  is  less  than 
0*2  per  cent,  or  less  than  ji^  of  the  whole  amount 

As  the  reliability  of  measurements  with  a  photometer  is 
evidently  connected  with  the  power  of  the  eye  in  distinguishing 
different  degrees  of  brightness  in  adjacent  surfaces,  it  is  well  to 
review  here  briefly  the  results  that  have  been  obtained  bv  dif- 
ferent observers,  as  to  the  sensitiveness  of  the  eye  under  mvor- 
able  conditions. 

The  least  difference  which  Boguer  with  his  method,  (two 
shadows,)  was  able  to  distinguish  was  ^V  of  *be  whole ;  Fech- 
ner*s  friends  using  the  same  method  were  able  to  reduce  this 
quantity  to  yi^.  Arago  remarked  that  where  one  of  the  illumi- 
nated surfaces  was  in  motion  smaller  differences  could  be  per- 
ceived, and  was  able  under  fevorable  circumstances  to  dis- 
tin^ish  Tir»  while  Masson,  who  used  revolving  discs,  along 
wim  his  fnends,  was  able  to  distinguish  between  jV  to  riir  of 
the  whole  quantity  of  light  Near  a  window  Helmholtz  was 
able  to  distinguish  with  certainty  a  difierence  of  j^j,  and  occa- 
sionally as  smiall  a  quantity  as  yin  while  in  the  middle  of  a 
room  he  was  able  to  appreciate  certainly  only  yf,^,  seldom  and 
uncertainly  j^s* 

In  all  tne  better  of  the  above  mentioned  experiments,  pho- 
tometers in  any  proi)er  sense  of  the  term  were  not  employed, 
the  best  of  them  being  made  by  the  use  of  revolving  oiscs  of 
white  paper  furnished  with  narrow  black  sectors,  whicn  are  cal- 
culatea  to  discover  the  absolute  sensitiveness  of  the'eye  under 
the  most  favorable  conditions.  It  must  not  however  be 
imagined  that  because  a  good  eye  can  distinguish  a  differen6e 
of  f  iy  on  a  revolving  disc,  that  the  same  eye  would  be  able  to 
obtain  a  similar  result  with  ordinary  forms  of  the  photometer, 
where  the  conditions  are  fer  less  favorable,  and  accordingly  it 
seemed  of  interest  to  me  to  determine  by  a  series  of  experiments 
the  average  sensitiveness  of  the  eye  while  using  the  photometric 
method  described  in  this  paper,  particularly  as  the  plan  of  using 

*  Physlologlsche  Optik,  yon  H.  Helmholtz,  page  811. 
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a  single  flame  and  mirror  offered  great  faciKties  for  making  these 
observations  in  a  reliable  manner.  The  following  mode  was 
employed :  the  light  from  the  mirror  was  allowed  to  fall  on  the 
unobstructed  screen,  and  the  mirror  was  dravm  up  till  the  spot 
had  disappeared,  when  the  observation  was  registered;  the 
next  cctoipensation  was  made  by  pushing  the  mirror  away^  and 
so  on  alternately,  the  compensahons  hypuU  and  push  being  regis- 
tered on  separate  fillets  of  paper  by  two  pens.  In  the  first  experi- 
ment fourteen  compensations  were  made  by  the  advancing,  and 
an  equal  number  by  the  retreating  mirror,  and  the  mean  of  these 
twenty  eight  quantities  was  taken  as  the  true  distance  of  the 
mirror  fix^m  the  screen ;  then  on  comparing  the  mean  of  either 
set  of  compensations  with  this  true  distance,  it  was  easy  to  as- 
certain how  great  a  difference  from  the  truth  had  been  tolerated 
by  the  eye  under  the  given  circumstances.  In  the  first  experi- 
ment this  quantity  was  found  to  be  y| j,  in  a  second  similar  trial 
ri  J  o^  t^6  io\jsiX  amount  of  light  The  "  screen  "  in  these  experi- 
ments was  quite  new^  and  an  inferior  result  was  obtained  by 
using  a  "screen,"  which  had  for  six  weeks  been  exposed  quite 
unprotected  to  the  action  of  the  air ;  here  the  usual  darkening 
of  the  edges  had  begun  and  progressed  so  far  as  to  be  faintly 
visible  during  compensation. 

In  the  experiments  just  detailed  the  highest  average  sensitive- 
ness of  the  eye  is  only  yj j,  while  as  before  shown  in  practical 
use  the  average  difference  from  the  mean  is  less  than  jiir  of  the 
whole.  This  higher  degree  of  accuracy  results  naturally  from 
the  mode  in  which  the  compensations  are  made,  (alternately  by 
approach  and  recession,)  and  the  fact  that  the  compensations  are 
thus  interwoven,  in  such  a  manner  as  to  eliminate  errors  intro- 
duced by  the  slightly  varying  sensibility  of  the  eya 

Experiments  on  the  amount  of  light  transmitted  by  plaJbes  of  glass 
at  a  perpendicular  incid&iice, 

A  knowledge  of  the  amount  of  light  transmitted  and  reflected 
by  colorless  transparent  substances  has  a  certain  degree  of  in- 
terest from  a  technical  point  of  view,  enabling  opticians  to  calcu- 
late the  loss  necessarily  experienced  in  various  mstruments  from 
this  source,  as  well  as  the  intensity  where  the  light  is  reflected 
from  a  sinffle  or  from  two  parallel  surfiwes  of  glass  or  other  ma- 
terial Or  far  more  importance,  however,  is  the  interest  attach- 
ing to  this  subject  from  a  theoretical  point  of  view,  and 
especially  in  connection  with  the  Undulatory  Theory  of  Light 
Formulas  for  the  intensity  of  the  reflected  and  transmitted 
beams  at  all  angles  have  been  deduced  by  eminent  supporters  of 
this  theory,  wmch  in  some  cases  have  occasioned  considerable 
discussion.     The  following  very  simple  formula  for  the  intensity 
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of  common  light  reflected  at  a  perpendicular  incidence  was  first 

given  by  Thomas  Young;  I  •=.      ^L  ;  the  intensity  of  the 

incident  beam  being  equal  to  xmity,  and  n  being  the  index  of 
refraction  of  the  r^ectmg  substance.  The  same  formida  was 
afterwards  reached  by  Poisson  in  a  rigid  and  learned  analysis 
of  the  subject,  and  it  was  again  deduced  by  FresneL*  As  is 
well  known  FresneVs  formulas  were  subsequently  modified  by 
the  celebrated  Cauchy,  but  in  Oauchy^s  formida  for  reflection  as 
soon  as  the  incidence  of  the  light  differs  considerably  fix)m  the 
polarizing  angle,  the  smaU  quantities  which  depend  on  e,  the 
coefficient  of  ellipticity,  become  so  much  reduced  that  they  can 
be  omitted  from  the  numerator  and  denominator,  and  Cauchy's 
formula  becomes  identical  with  Fresnel's-f  It  hence  appears 
that  the  formula  above  quoted  is  as  weU  theoretically  es- 
tablished, as  any  which  has  been  deduced  under  the  guidance 
of  the  Undulatory  Theory,  and  one  would  naturally  suppose 
that  it  had  been  often  tested  careftdly  by  experiment.  This 
does  not  seem  to  have  been  the  case,  and  f  do  not  know  that  it 
has  ever  been  rigidly  tried  by  a  delicate  photometric  method. 
On  this  account  I  have  made  a  series  of  observations  on  plates 
of  colorless  glass  which  are  detailed  below. 

Mode  of  experimenting. 

When  a  beam  of  light  fells  on  a  plate  of  glass  or  other  trans- 
parent colorless  substence,  a  certain  portion  will  be  reflected, 
another  portion  transmitted,  a  third  aosorbei  If  the  plate  of 
glass  be  colorl^s  and  thin,  the  portion  absorbed  wiU  be  smaller 
Sian  the  necessary  errors  of  observation,  so  that  it  can  safely  be 
neglected.  For  example,  Bunsen  found  that  in  using  a  plate  of 
crown  glass  4*7  millimeters  thick,  that  it  absorbed  only  j\  of 
one  per  cent  of  the  chemical  rays  that  fell  on  it  at  a  perpendicu- 
lar incidence.:!:  The  thickest  plate  of  glass  employed  by  me 
was  1*67  millimeters  from  surface  to  surfece,  i  e.  about  one-third 
of  that  used  by  Bunsen,  and  as  we  know  that  the  chemical  rays 
are  extinguished  by  glass  in  a  far  larger  proportion  than  those 
which  are  luminous,  it  follows  that  in  the  plates  mentioned  be- 
low we  can  safely  neglect  the  internal  extinction.  This  point 
being  settled,  the  mo&  of  proceeding  becomes  quite  simple ;  it 
is  only  necessary  to  measure  the  amount  of  light  teinsmitted, 
and  the  difference  between  the  incident  and  transmitted  light 
gives  the  amount  of  that  reflected,  and  after  making  a  correc- 
tion for  internal  reflection,  we  shall  have  the  means  of  compar- 
ing the  results  of  theory  and  experiment 

*  Pogg.  Annalen,  Bd.  zdi  p.  98.  f  Jamin  in  Pogg.  Erg.,  Bd.  iil,  p.  266. 

}  Pogg.  AnnftlflTi,  Bd.  d,  p.  241. 


Digitized  by  VjOOQIC 


8  0.  N.  Rood  on  Pholomeiric  Experiments. 

Mode  of  d£termining  the  indices  of  re/raction. 

In  my  experiments  on  transparent  substances,  always  where 
it  was  possible  prisms  of  the  suDstance  were  ground  and  the  in- 
dex of  refraction  of  the  sodium  line  determined  as  usual  with  a 
graduated  cirde,  coUimating  and  observing  telescopa  In  the 
particular  experiments  detailed  at  the  termination  of  this  article, 
the  plates  of  glass  used  were  so  thin  that  it  was  not  practicable 
to  grind  from  them  prisms,  and  for  all  such  cases  I  contrived, 
tested  and  used  two  somewhat  new  modes  of  procedure,  as 
neither  the  method  of  the  Duke  de  Chaulnes  (alteration  of  the 
focus  of  a  microscope,^  nor  that  of  Bernard  (displacement  of  an 
image  viewed  obliquely  through  a  plate,)  were  here  found  to 
give  reliable  results. 

1.  A  minute  angular  fragment  of  the  glass  to  be  experi- 
mented on  was  placed  in  a  cell,  on  a  glass  sUde,  like  those  used 
for  mounting  microscopic  objects,  and  surrounded  with  a  mix- 
ture of  "body-sperm-on"  and  oil  of  cassia,  the  proportions  be- 
ing varied  tiU  the  refi*action  of  the  glass  for  the  sodium  line  had 
been  exactlv  compensated  by  the  oiL  OUve  oil  became  turbid 
when  mixed  with  the  oil  of  cassia  and  hence  could  not  be  used. 
The  mode  of  comparing  the  refractive  power  of  the  mixture  of 
the  oils  and  glass  was  as  foUows :  at  the  distance  of  half  an  inch 
below  the  level  of  a  microscope  stage  was  a  fine  slit,  cut  in  tin- 
foU  which  had  been  pasted  on  glass;  the  microscope  was  fo- 
cussed  on  this,  a  sodium  flame  bein^  used  to  illuminate  it ;  the 
cell  with  the  oil  and  fit^gment  of  ^ass  was  then  placed  on  the 
stage  of  the  microscope,  and  moved  so  that  the  light  fit>m  the 
slit  passed  through  the  angular  fi-agment,  when  it  would  happen 
that  the  line  of  light  would  be  refiS-cted  to  the  right  or  left  hand 
according  as  oil  or  glass  predominated  in  refractive  power,  which 
made  it  instantly  evident  whether  sperm  oil  or  oil  of  cassia  was 
needed.  A  number  of  experiments  were  made  to  test  this 
method,  which  was  found  to  answer  well,  the  index  of  refraction 
as  determined  by  prism  corresponding  with  that  obtained  by 
the  use  of  the  fragment :  so  in  the  case  of  a  sample  of  crown 
glass  a  triangular  prism  gave  the  index  of  refraction  as  1*526, 
while  by  the  new  method  it  was  found  to  be  1*529.  This 
method,  however,  is  capable  of  still  more  accurate  results,  as  in 
the  above  mentioned  experiments,'  the  compensation  was  pushed 
only  far  enough  to  answer  my  immediate  purpose ;  that  is  to 
say,  the  fragment  may  be  considered  to  consist  of  one  large  tri- 
angular prism  with  a  moderate  angle,  and  a  number  of  smaller 
Erisms,  some  of  which  are  sure  to  have  very  large  angles ;  these 
itter  become  effective  when  the  glass  is  under  oil,  total  reflec- 
tion no  longer  taking  place,  and  they  act  powerfully  on  the 
light  coming  frt)m  the  slit,  still  famishing  mint  images  having 
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a  considerable  deviation  even  after  the  main  portion  of  the 
glass  fragment  has  ceased  to  perceptibly  deflect  it 

In  no  case  did  I  push  the  compensation  far  enough  to  gather 
in  all  these  outstanoing  beams. 

2.  Another  method,  which  in  the  case  of  crown  glass  was 
found  to  answer  quite  well  enough  for  my  purpose  and  to  be 
very  convenient,  consisted  in  fdsinff  to  a  spherical  globule  a 
fragment  of  the  glass,  placing  it  in  me  mixea  oils  and  effecting 
compensation  by  observing  when  the  globule  ceased  to  act  as  a 
lens,  for  which  purpose  a  small  telescope  or  the  microscope  can 
be  employed.  Thus,  for  example,  a  certain  kind  of  crown  glass 
when  ground  into  a  prism  gave  as  index  of  refraction  for  the 
sodium  line  1*526,  while  when  tested  according  to  this  second 
method,  the  results  of  two  experiments  were  1*6282  and  1*5285. 

I  give  now  the  results  of  careful  sets  of  experiments  on  the 
amount  of  light  transmitted  by  two  different  samples  of  crown 
glass :  in  each  case  the  results  of  four  independent  trials  are 
given,  each  trial  being  worked  out  with  the  aid  of  seven  double 
compensations.  In  me  first  case  the  thickness  of  the  glass  was 
•15  millimeters,  the  inde^^  of  refraction  1*5286,  and  allowing  for 
the  effects  of  internal  reflection,  it  should,  according  to  theory, 
have  transmitted  91*786  per  cent  of  the  light  falling  on  it  Ex- 
periment gave : 

92*227 

91*371 

91*019 

91*143 

91*440 
The  difference   "296  being  hardly  larger  than  the  necessary 
error  connected  with  the  method  of  mafing  the  determination. 

In  the  second  case  the  index  of  refi-action  was  1*5225,  the 
thickness  1*677  millimeters,  and  by  theory  it  should  have  trans- 
mitted 91*763  per  cent  of  the  light  felling  on  it  Below  are  the 
actual  results  obtained : 

90*886 

90*948 

90*892 

91*895 

91*155 
The  difference  here  of  '500  per  cent,  or  ji^  of  the  whole 
amount,  is  almost  equally  satismctory,  and  these  experiments 
show,  I  think,  that  the  renecting  power  of  glass  with  the  above 
index  of  refraction,  conforms  in  the  closest  manner  to  thepredic- 
tions  of  theory.  Elaborate  experiments  were  also  made  wim  flint 
glass,  quartz  and  calc-spar,  but  I  suppress  lie  results,  as  it  after- 
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wards  turned  out  that  they  were  contaminated  with  minute 
errors  of  the  character  described  in  this  article  under  the  head 
**  mode  of  adjusting,  Ac."  8rd ;  the  adjustment  alluded  to  hav- 
ing indeed  been  always  made,  but  not  with  a  sufficient  d^ree 
of  care  to  exclude  the  last  trace  of  error. 

New  York,  Mardi  291^1,  1870. 


Art.  n. — Hue  Ethers  of  Arsenic  Add  and  of  Arsenious  Acid; 
by  J.  M.  Crafts.* 

Mr.  Friedbl  and  I  observed,  while  studying  the  ethers  of 
silicic  acid,  that  the  silicate  of  ethyl  is  readily  decomposed  by 
heating  it  with  anhydrous  boracic  acid  in  a  sealed  tube ;  that 
pure  borate  of  ethyl  is  formed,  and  that  silicic  acid,  or  an  ether 
containing  a  very  larffe  proportion  of  silicic  acid,  is  deposited  in 
the  tube.  It  occurred  to  me  that  a  similar  reaction  mi^t  offer  a 
convenient  method  of  preparing  the  ethers  of  feeble  acida  The 
ethers  of  the  acids  of  arsenic  and  antimony  and  of  tungstic  acid 
have  not  yet  been  obtained,  and  experiments  were  made  with  a 
view  to  their  preparation,  but  I  have  only  succeeded  in  the  case 
of  arsenious  aoid  in  obtaining  a  new  ether  by  the  action  of  the 
acid  upon  silicic  ether.  Another  method,  however,  afforded 
the  means  of  preparing  the  ethers  of  arsenic  acid,  and  several 
different  methods  of  preparing  the  ethers  of  arsenious  acid  have 
been  discovered.  The  present  paper  is  devoted  to  the  descrip- 
tion of  the  methylic,  etnylic  and  amy  lie  ethers  of  both  acids  of 
arsenic. 

Arsbniatb  of  Ethyl. 

The  first  attempts  were  made  to  prepare  this  body  by  the  ac- 
tion of  arsenic  acid  on  the  silicate  of  ethyl  The  arsenic  acid 
was  dried  by  heating  it  in  a  current  of  dry  air,  and  it  was  then 
sealed  in  a  glass  tube  with  the  silicate  of  ethyl,  and  heated  in 
an  air-bath.  After  heating  10  hours  at  210**  centigrade  there 
appeared  to  be  no  reaction  ;  on  heating  8  hours  longer  at  230**, 
a  considerable  quantity  of  the  arsenic  acid  dissolved  and  at  a 
little  higher  temperature  the  tube  exploded,  probably  in  conse- 
quence of  the  oxydation  of  the  ether  by  the  arsenic  acid. 

In  another  experiment  20  grams  of  silicate  of  ethyl  were 
heated  with  8  ^rams  of  arsenic  acid  for  6  hours  at  220^-230^ 
A  gelatinous  sihcate  of  ethyl  was  deposited,  and  on  opening  the 
tube  about  i  litre  of  a  gas  havinjg  the  properties  of  ethylene  was 
evolved.  A  considerable  quantity  of  common  ether  was  formed, 
and  the  remainder  of  the  liquia  contents  of  the  tube  was  par- 

*  Tho  ohemioal  symbols  used  have  the  yalues  which  belong  to  them  in  the  new 
system. 
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tially  decomposed  on  distillation.  After  several  distillations  a 
small  quantity  of  a  body  was  isolated,  which  contained  arseni- 
ous,  but  no  arsenic  acid,  and  which  proved  to  be  an  impure  ar- 
senious  ether.  It  is  evident  from  these  results  that,  at  the 
temperature  required  for  the  action  of  arsenic  acid  upon  the 
silicate  of  ethyl,  the  greater  part  of  the  product  is  decomposed 
with  formation  of  common  ether  and  ethylene,  while  a  small 
quantity  of  the  arsenic  acid  is  reduced  and  arsenite  of  ethyl  is 
K)rmed,  and  that  the  reaction  does  not  ftimish  any  arseniate  of 
ethyl. 

The  arseniate  of  ethyl  can  be  easily  prepared  by  the  action  of 
the  iodid  of  ethyl  on  the  arseniate  oi  silver — 

3C8H5l+AgsAs04=8AgI+(CaH5)8As04. 

When  the  two  bodies,  mixed  with  pure  anhydrous  ether  are 
heated  together  at  about  90°  in  a  sealed  tube,  the  reaction  is 
completed  in  a  few  hours,  and  the  point  at  which  this  lakes 
place  is  marked  by  the  change  of  color  of  the  silver  salt  from 
red  to  light  yellow.  It  is  important  that  the  arseniate  of  silver 
should  be  in  excess  and  that  the  temperature  should  not  exceed 
100°,  as  the  iodid  of  ethyl  decomposes  a  portion  of  the  arseniate 
of  ethyl,  and  the  decomposition  takes  place  more  readily,  the 
larger  the  quantity  of  iodid  and  the  higher  the  temperatura 

The  liquid  together  with  the  iodia  of  silver  is  taken  from 
the  tube  and  washed  with  pure  ether  until  it  is  entirely  freed 
from  arseniate  of  ethyL  This  operation  can  be  most  con- 
veniently performed  on  a  funnel,  provided  with  a  glass  plate 
ground  to  fit  it  A  hole  should  be  drilled  in  the  plate,  and  a 
mnnel  tube  ground  into  it,  in  order  that  the  liquid  may  be 
poured  upon  3ie  filter  without  removing  the  glass  plate. 

The  solution  in  ether  is  distilled  and  finally  heated  in  a 
water-bath,  while  a  current  of  dry  air  is  passed  through  it  to 
carry  off  the  last  trace  of  ether.  The  arsemate  of  ethyl  thus  ob- 
tained can  be  most  easily  purified  by  distillation  in  a  partial 
vacuum,  as  it  is  decomposed  in  part  by  distillation  in  tne  air. 
In  operations  of  this  kind  it  is  preferable  to  distil  under  a  di- 
minished pressure  rather  than  to  push  the  exhaustion  of  the  air 
as  figtr  as  possible  since  the  boiling  point  remains  more  constant, 
when  the  pressure  is  high.  This  probably  is  due  in  great  part 
to  the  fact,  that  a  slight  variation  of  pressure  does  not  alter  the 
relative  pressure  so  much,  when  the  exhaustion  is  incomplete, 
iis  when  it  is  nearly  complete.  For  instance,  the  pressure  may 
well  vary  2  miQimeters  during  the  course  of  a  distillation,  and 
a  variation  from  6  to  7  millimeters  affects  the  boiling  point 
much  more  than  a  variation  from  200  to  202  millimeters. 

In  the  case  of  the  arseniate  of  ethyl  it  was  found  that  it  dis- 
tilled under  a  pressure  of  60  millimeters  at  about  85°  lower  than 
in  the  air,  ana  that  this  difference  of  temperature  was  sufficient 
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to  prevent  decomposition.  The  distilling  apparatus  was  pro- 
vided with  an  air  reservoir  and  with  a  mercury  guage,  and  the 
pressure  was  kei)t  nearly  constant  at  60  millimeters  during  the 
course  of  the  distillation. 

Arseniate  of  ethyl  distils  at  148*^-150*^  under  a  pressure  of 
60  millimetera 

About  J  of  the  theoretical  quantity  are  obtained  by  the  above 
method  of  preparation. 

The  arsenic  ethers  are  immediately  decomposed  by  smallest 
traces  of  water  and  it  is  essential  that  the  common  ether  used 
in  their  preparation  should  be  absolutely  anhydrous.  It  is  also 
important  for  the  operation  in  the  sealed  tube,  that  it  should 
contain  no  alcohol,  since  the  iodid  of  ethyl  acts  upon  alcohol 
with  formation  of  ordinary  ether  and  water.  Ether  can  be  most 
easily  freed  from  small  quantities  of  water  and  alcohol  by  di- 
gesting it  several  times  with  shavings  of  sodium,  which  can  be 
cut  with  a  knife  from  a  large  piece,  allowing  it  to  stand  each 
time  24  hours  with  the  sodium,  and  then  distilling.  Ether  so 
prepared  can  be  heated  with  sodium  to  90*^  in  a  sealed  tube 
without  the  smallest  evolution  of  hydrogen. 

The  following  analyses  were  made  of  arseniate  of  ethyl  dis- 
tilling at  148°-150®  under  a  pressure  of  60  millimeters. 

L  Svbstance  =  0-2980 gmis. ;  CO^  =  0-3470  grms. ;  H^O  = 
0-1740  grms. 
n.    Svbstance  =  0-9260  grms. ;   arseniate  of  magnesium  and 
ammonium  =  0-7705  grms. 

The  determination  of  arsenic  was  made  by  decomposing  a 
weighed  quantity  of  the  arseniate  of  ethyl  by  water,  evapora- 
ting with  nitric  acid,  and  determining  the  arsenic  acid  as  the 
arseniate  of  magnesium  and  ammonium  on  a  weighed  filter. 
L  n.  Calculated  for  (C,H»)a  ABO4 

C  =81-79  ....  31-86 

H=     6-49  ....  6-64 

As  = . . . .  82-85  83-18 

The  density  of  liquid  arseniate  of  ethyl  at  0°  compared 
with  that  of  water  at  4^=1-8264.     Its  density  at  8-8''=l-8161. 

The  densily  of  vapor  of  arseniate  of  ethyl  can  not  be  taken 
on  account  of  its  decomposition  by  heat  This  decomposition, 
however,  is  not  so  great,  but  that  its  boiling  point  in  the  air 
can  be  determined  with  sufficient  accuracy.  When  a  portion 
of  the  arseniate  of  ethyl,  which  has  been  purified  by  distillation 
under  a  diminished  pressure,  is  distilled  in  the  air,  the  greater 
part  of  it  passes  at  285°-288*^,  but  toward  the  last  part  of  the 
distillation  decomposition  ensues,  and  a  white  frothy  deposit  of 
arsenic  acid  is  left  in  the  retort 

Arseniate  of  ethyl  attracts  moisture  from  the  air  and  is  im- 
mediately decomposed  witii  formation  of  arsenic  acid  and  al- 
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cohoL  It  dissolves  immediately  in  water,  undergoing  tlie  same 
decomposition.  Particular  attention  was  paid  to  the  question 
of  the  existence  of  ethyl-arseniates,  and  experiments  were  made 
under  the  most  favorable  conditions  for  oDserving  their  forma- 
tion, but  thus  far  with  negative  resulta  Felix  D  Arcet,  (Ann. 
Chem.  und  Pharm.,  xix,  p.  202),  gives  the  analysis  of  the  barium 
salt  of  the  di-ethyl  arsenic  acid  Ba(C,H ^^(AsO^),  ;  but 
Hugo  Schiff  (Ann.  Chem.  und  Pharm.,  cxi,  p.  870,^  failed  to  ob- 
tain this  body  on  dissolving  arsenic  acid  in  alcohol,  evaporating 
until  the  solution  acauired  the  consistency  of  a  syrup,  dissolving 
in  water  and  neutralizing  with  baric  carbonate.  This  result 
proves  at  least  that  no  ethyl  arsenic  acid  can  exist  in  aqueous 
solution,  and  my  own  experiments  confirm  those  of  Mr.  Schiffi 
It  appeared  possible  that  when  the  arseniate  of  ethyl  is  decom- 
posed bv  water,  the  decomposition  might  pass  through  two  sta- 
ges, ana  that  ethyl  arsenic  acids  might  at  least  exist  for  a  time 
m  the  aqueous  solution,  even  though  they  were  ultimately 
completely  destroyed.  In  order  to  test  this  idea,  a  weighed 
quantity  of  arseniate  of  ethyl  was  dissolved  in  water,  litmus  so- 
lution was  added  and  it  was  neutralized  immediately  with  a 
standard  solution  of  ammonia.  If  the  decomposition  with 
water  had  been  a  gradual  one  with  formation  of  tne  acids  men- 
tioned, the  neutrajSzed  solution  should  have  developed  an  acid 
reaction  after  the  lapse  of  a  considerable  time.  This  was  not 
the  casa  The  same  amount  of  ammonia  was  required  for  neu- 
tralization, either  immediately,  or  after  the  solution  had  stood 
24  hours,  and  moreover,  the  reaction  was  exactly  similar  to  that 
of  a  corresponding  quantity  of  pure  arsenic  acid  dissolved  in 
water.  It  should  be  noticed  that  no  sharp  change  of  color  pan 
be  obtained  by  neutralizing  a  solution  of  arsenic  acid  containing 
litmus  with  ammonia. 

Another  attempt  was  made  to  obtain  the  ethyl  arsenic  acid 
in  an  alcoholic  solution.  Pure  arseniate  of  ethyl  was  mixed 
with  alcohol,  and  only  enough  aqueous  alcohol  was  added  to 
furnish  water  for  the  decomposition  expressed  by  the  reaction : 

(C,H,)3  AsO,-fH,0  =  H(C,H,),  AsO,+C,H,0; 

and  the  mixture  was  distilled  in  vacuo.  It  behaved  exactly 
like  a  solution  of  arsenic  acid  in  arseniate  of  ethyl :  the  latter 
distilling  and  leaving  the  anhydrous  arsenic  acid  as  a  residua 
It  was  thought  probable  that  m  this  experiment  the  first  pro- 
duct of  the  action  of  water  would  enter  into  the  following  reac- 
tion with  some  of  the  undecomposed  arseniate  of  ethyl : 
H(C,H,),AsO,-f(C,H,),AsO,=(C,H,),As,0,+C,H,0; 
but  no  condensed  ether  like  the  one  whose  formula  is  given  was 
obtained,  and  the  only  result  of  the  decomposition  with  aqueous 
alcohol  under  these  circimistances  is  the  setting  free  of  arsenic 
acid  and  alcohol 
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Arseniate  of  ethyl  is  immediately  decomposed  by  ammonia 
with  the  formation  oi  a  crystalline  body,  which  it  is  very  difficult 
to  obtain  pure  on  account  of  the  extreme  avidity  with  which  it 
absorbs  moistura  The  results  of  several  analyses  lead  to  the 
conclusion,  that  the  body  which  is  first  formed  has  the  compo- 
sition :  (C,H,),NH,  AsO,,  and  that  it  absorbs  water  to  form  a 
di-ethyl  arseniate  of  ammonium,  (C,H,),NH^As04,  ^^^  ^^ 
study  of  this  product  is  not  yet  completcKi 

Arseniate  of  Methyl. 

The  arseniate  of  methjl  can  be  prepared  fix>m  the  iodid  of 
methyl  and  arseniate  of  silver  in  the  same  way  that  the  arseniate 
of  ethyl  is  prepared.  The  crude  product  is  purified  by  distilla- 
tion under  a  pressure  of  sixty  millimeters.  At  this  pressure  it 
distils  without  decomposition  at  128°-1S0^ 

L  Svhsfxmce^Q'UdQO  grms, ;  COa=0-8285  grms, ;  H,O=0-1980 

grms, 
n.  Substance=0'%010  grms,  ;  AsaOB=04966  jrww. 

The  determination  of  arsenic  was  made  bv  decomposing  the 
ether  with  water,  evaporating  with  nitric  acid,  and  heating  the 
arsenic  acid  thus  formed  with  oxyd  of  lead. 

L  n.  Calculated  for  (GH3)sAjb04. 

C  =19-90  -..  19-57 

H  =  4-91  ....  4-89 

As=  40-15  40-76 

The  density  of  liquid  of  arseniate  of  methyl  at  14** '5,  com- 
pared with  water  at  4°,  =1-5591. 

When  pure  arseniate  of  methvl  is  distilled  in  the  air,  the 
greater  part  passes  at  213V215°,  but  there  is  a  partial  decom- 
position with  separation  of  arsenic  acid. 

It  resembles  tne  arseniate  of  ethyl  in  all  its  properties.  It  is 
a  colorless  liquid,  miscible  in  all  proportions  with  water,  and  it 
is  decomposed  immediately  into  arsenic  acid  and  alcohol  by 
the  action  of  water  or  moisture  for  the  air. 

Arseniate  of  Amyl. 

This  body  is  produced  by  action  of  iodid  of  amyl  on  the 
arseniate  of  silver,  but  it  cannot  be  obtained  in  a  state  of 
purity,  because  it  decomposes,  even  when  distilled  in  vacuo. 

The  crude  product  of  the  reaction,  after  having  been  heated 
to  170**,  was  mixed  with  pure  ether,  when  a  considerable 
quantity  of  arsenious  acid  was  precipitated ;  after  filtering,  the 
solution  was  heated  in  an  oil-bath,  and  finally  a  current  of  drv 
air  was  passed  through  it,  while  the  bath  was  kept  at  200  . 
An  analysis  of  the  product  so  obtained  gave  C=89S1  per  cent 
and  H=7-64  per  cent,  instead  of  0=51-14  per  cent  and 
H=9-87  per  cent 
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A  somewhat  better  result  was  obtained  by  distilling  the 
crude  product  in  vacuo.  The  greater  part  is  decomposed  at 
about  200**,  but  a  small  quantity  of  etner  distils  unchanged. 
Some  of  this  distillate  was  heated  to  195°  in  current  of  dry 
air,  in  order  to  free  it  as  far  as  possible  from  products  of  decom- 
position. The  analysis  of  this  product  gave  0=44*82  per  cent 
and  H=841  per  cent  instead  of  0=51 '14  per  cent  and  H=9'87 
percent 

The  products  analjrzed  appear  to  have  been  araeniate  of 
amyl  mixed  with  arsenic  acid. 

Arsenite  of  Ethyl. 

The  ethers  of  arsenious  acid  can  be  prepared  more  readily 
than  these  of  arsenic  acid,  and  sevend  reactions  may  be  em- 
ployed to  obtain  them. 

Arsenite  of  ethyl  is  produced  in  the  following  reactions : 

By  the  action  of  arsenious  acid  on  the  silicate  of  ethyl  By 
the  action  of  iodid  of  ethyl  on  the  arsenite  of  silver.  By  the 
action  of  the  chlorid  or  bromid  of  arsenic  on  the  alcoholate  of 
sodium.  The  iodid  of  arsenic  and  the  alcoholate  of  sodium 
give  no  arsenite  of  ethvL 

When  arsenious  acid  is  heated  with  alcohol  to  about  200*^  in 
a  sealed  tube,  a  considerable  quantity  of  the  acid  dissolves,  and 
crystallizes  out  on  cooling  as  beautifully  formed  octahedrons. 
A  small  quantity  of  arsenic  is  reduced  and  a  corresponding 
quantity  of  aldehyd  is  formed.     No  arsenious  ether  is  formea 

Arsenious  acid  was  heated  with  a  mixture  of  common  ether 
and  acetate  of  ethyl  for  20  hours  at  200°,  but  no  reaction  took 
place. 

It  seemed  highly  probable  that  arsenite  of  ethyl  might  be 
obtained  by  heating  together,  common  ether  and  chlorid  of 
arsenic  according  to  the  reaction 

As01s+S(CaHB)aO=(CaH6)8AsO8+80»H[BCl, 
but  this  proved  not  to  be  the  case,  for  after  the  two  substances 
had  been  heated  together  20  hours  at  200®,  it  was  found  that 
no  chlorid  of  ethyl  and  no  arsenite  of  ethyl  had  been  formed. 

It  has  been  already  noticed  that  by  a  process  of  reduction 
arsenite  of  ethyl  is  produced,  when  arsenic  acid  is  heated  with 
silicic  ether.  When  arsenious  acid  is  heated  to  about  200°  in 
a  sealed  tube  with  silicic  ether,  the  onlv  reaction  which  takes 
place  is  the  replacement  of  the  silicic  acid  by  the  arsenious 
acid,  a  gelatinous  deposit  of  a  silicic  ether,  containing  a  very 
lai^e  quantity  of  silicic  acid,  is  formed  in  the  tube ;  no  alcohol, 
ether  or  gaseous  body  is  produced,  and  the  arsenious  ether  can 
easily  be  obtained  pure  by  distillation. 

Iodid  of  ethyl  acts  less  readily  upon  the  arsenite  of  silver 
than  upon  the  arseniate  of  silver,  and  the  amount  of  product 
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obtained  approaclies  less  nearly  to  the  theoretical  quantity; 
there  is,  however,  no  difficulty  in  obtaining  pure  arsenious 
etiier  by  heating  together  iodid  pf  ethyl  and  dry  arsenite  of 
silver  mixed  with  pure  ether  in  a  sealed  tube  to  150®.  The 
arsenious  ether  can  be  separated  by  washing  the  silver  salt 
with  common  ether  and  nnally  by  distilling  the  solution  in 
ether. 

The  action  of  alcoholate  of  sodium  upon  the  chlorid,  or, 
better  still,  upon  the  bromid  of  arsenic,  famishes  the  best 
method  for  obtaining  the  arsenite  of  ethyL 

It  is  well  known  that  the  chlorid  of  arsenic  combines  with 
alcohol  with  evolution  of  heat  to  form  a  definite  compound,* 
which  distils  without  decomposition. 

When  the  bromid  of  arsenic  is  mixed  with  an  equal  volume 
of  alcohol,  the  heat  evolved  is  very  slight  (an  elevation  of  tem- 
perature of  3°  was  noticed),  and  no  definite  combination  appears 
to  be  formed.  K  alcoholate  of  sodium  is  added  to  a  mixture 
of  either  the  chlorid  or  bromid  of  arsenic  with  alcohol,  a  pre- 
cipitation of  chlorid  or  bromid  of  sodium  takes  place  imme- 
diately, and  arsenite  of  ethyl  is  formed,  but  if  the  addition  of 
the  alcoholate  is  continued  until  all  the  chlorine  or  bromine  is 
combined  with  sodium,  the  arsenite  of  ethyl  is  destroyed  at 
the  same  timaf  If  the  o^ration  is  terminated  before  all  the 
chlorid  or  bromid  of  arsenic  has  been  acted  upon,  a  mixture  of 
the  undecomposed  chlorid  or  bromid  with  arsenite  of  ethyl  is 
obtained. 

It  was  thought  at  first  that  the  difference  between  the  boiling 
point  of  the  bromid  of  arsenic  (222°^  and  that  of  the  arsenite 
of  ethyl  (166°)  would  suffice  for  tneir  separation,  but  this 
proved  not  to  be  the  case,  for  a  mixture  of  the  two  bodies  in 
any  proportion  distils  like  a  definite  compound,  and  no  separa- 
tion by  fractional  distillation  is  possible.  This  kind  of  combi- 
nation between  the  chlorid  or  bromid  of  arsenic  and  the  ethers 
of  arsenious  acid  will  be  noticed  below. 

The  arsenite  of  ethyl,  which  is  produced  in  the  reaction 
above  described,  can  omy  be  isolated  by  taking  advantage  of 
its  singular  property  of  resisting  entirely  the  action  of  dry 
ammonia  gas,  while  the  chlorid  or  bromid  of  arsenic  combines 
with  ammonia  to  form  a  crystalline  solid  insoluble  in  alcohol 
and  ether.     The  method  which  was  usually  employed  to  pre- 

Cthe  arsenite  of  ethyl  consists  in  dissolving  5  parts  of 
aid  of  arsenic  in  absolute  alcohol  and  in  adding  to  tne  solu- 
tion the  liquid  obtained  by  adding  1  part  of  sodium  to  a  con- 
siderable quantity  of  alcohol  The  reaction  is  not  violent,  and 
it  is  not  necessary  to  cool  the  vessel  in  which  it  takes  place. 

♦  De  Luynes,  Ann.  Chem.  und  Pharm.,  cxvi,  p.  368. 
f  See  paper  in  Comptea  Rendus,  April,  1867. 


Digitized  by  VjOOQIC 


J,  M.  Grafts  on  Ethers  of  Arsenic  Add.  17 

The  arsenite  of  ethyl  and  undecomposed  bromid  of  arsenic  are 
separated  from  the  bromid  of  sodium  precipitate  hj  washing 
with  alcohol  The  alcoholic  solution  is  then  distilled  in  a 
water-bath,  pure  ether  is  added  to  the  residue,  and  dry  am- 
monia gas  IS  passed  through  the  solution  in  ether  in  order 
to  precipitate  the  bromid  of  arsenic,  which  is  mixed  with  the 
arsenite  of  ethyl.  The  latter  is  separated  from  precipitate  by 
washing  with  ether,  the  ether  is  distilled  in  a  water-bath,  and 
finally  a  current  of  dry  air  or  carbonic  acid  is  passed  through. 
The  residue  consists  of  arsenite  of  ethyl  containing  some 
arsenious  acid  and  bromid  of  sodium  in  solution.  It  can  be 
purified  completely  by  two  or  three  distillationa  Pure  arsenite 
of  ethyl  boils  at  165^-166°  (no  correction> 

Analyses  were  made  of  products  obtained  by  the  three 
methods  of  preparation  described  abova 

L  /S'wJ5tonce=0-2320  grms.  ;  (7O,=0-2925  grms.  ;  -B;0=01590 

grms, 
TL  Substance=0'i960  grms. ;  QO=0-6245  jtttw.  ;  J3iO=0-8160 

grms. 
HL  Substance=0'2610  grms. ;  arseniaie  of  magnesium  and  am- 

77W)niwm=0*2Sll  grms. 

The  determination  of  arsenic  was  made  by  weighing  the  sub- 
stance in  a  bulb,  breakinff  the  bulb  under  a  solution  of 
caustic  potash,  oxydizing  the  arsenious  acid  by  chlorate  of 
potash  and  chlorhydric  acid  at  a  temperature  of  50®,  and  pre- 
cipitating by  sulphate  of  magnesium  and  chlorid  of  ammomum 
in  the  ordinary  way. 

L  n.  m.   Calculated  for  (OaHsjsAB  Os. 

0=34-88  84-88  —-  84-29 

H=  7-61  7-08  —-  714 

As=   ....  ....  86.84  85-71 

The  density  of  liquid  arsenite  of  ethyl  compared  with  that  of 
water  at  4''=l-224. 

Several  vapor  density  determinations  were  made  at  different 
temperatures  by  Dumas'  method. 

Difference  between  the  weights  of  the  6t^= 0*9610  grms. 
Temperature  of  the  balance^  =     4-®2 

Tem^perature  of  the  oilrhath  {air  thermometer)  =267-*'0 
Capacity  of  the  buO)^  =269*5  c  c 

Air  remaining^  =     0*5  c  c 

Vapor  density=7-889  Theory=7-2678 

The  vapor  density  at      209-''5=7-615 
218®   =7-608 
"  "  288®   =7-197 

Am.  Joub.  Sgi  — Sbookb  Sbbibb,  Vol.  L,  Na  14a~JuLT,  1870. 
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The  last  detennination  is  probably  too  small  through  some 
fault  of  manipulation.  It  is  to  be  expected  that  the  numbers 
should  be  a  little  too  high,  since  the  arsenite  of  ethyl  is  decom- 
posed by  the  slightest  trace  of  moisture,  leaving  a  deposit  of 
arsenious  acid  in  the  bulb.  The  arsenite  of  ethyl  is  a  colorless 
liquid  with  a  peculiar,  but  not  disagreeable,  odor,  and  sufficiently 
volatile  to  make  its  presence  plainly  perceptible  in  a  room, 
where  it  is  standing  in  an  open  test-tuba 

The  ethers  of  arsenic  do  not  appear  to  have  the  extraordin- 
arily poisonous  properties,  which  are  attributed  to  arseniuretted 
hydrogen,  at  least  I  have  suflFered  no  inconvenience  after  having 
worked  with  them  for  several  years. 

Arsenite  of  ethyl  is  miscible  in  any  proportion  with  alcohol 
and  ether,  but  it  is  decomposed  by  a<jueous  alcohol  The  only 
products  of  decomposition  are  arsenious  acid  and  alcohol,  and 
no  compound  ether  with  the  formula,  (C,H6)4As305,  is  formed. 
This  ether  is  also  not  produced  according  to  the  reaction : 

4(0^)8  As08+As,08=S(C!2H6)4Asa06 
when  arsenite  of  ethyl  is  heat.ed  to  800°  with  arsenious  acid. 
Arsenite  of  ethyl  at  its  boiling  point  dissolves  about  ^  its 
weight  of  arsenious  acid,  but  a  considerable  quantity  separates 
out,  when  the  solution  is  allowed  to  become  cooL  Arsenite  of 
ethyl  can  be  distilled  unchanged  over  dry  arsenious  acid. 

The  reaction  between  the  arsenite  of  ethyl  and  bromhydric 
acid  is  the  reverse  of  that  which  is  usual  between  bromhydric 
acid  and  the  ethers  of  acids.  Usually  the  bromid  of  the 
alcoholic  radical  is  formed,  and  the  acid  is  set  free.  In  this 
case  the  reaction  leads  to  the  formation  of  alcohol  and  bromid 
of  arsenic,  and  it  may  be  expressed  by  the  equation : 

(CaH5)8As08+SHBr=8C8H«0+As  Br,. 
All  that  is  required  to  study  this  reaction  is  to  pass  dry  brom- 
hydric acid  tliough  arsenite  of  ethyl,  when  the  alcohol  can  be 
separated  by  distillation,  leaving  a  crystalline  residue  of  bromid 
of  arsenic. 

It  was  thought  possible  that  bromine  might  combine  directly 
with  the  arsenite  of  ethyl  to  form  the  compoimd:  (CjHg^j 
As08Br2,  but  it  was  found  that  the  bromine  substitutes  itself 
for  hydrogen  in  the  ethyl,  and  that  the  substituted  ether  thus 
formed  is  decomposed  by  the  bromhydric  acid  which  is  evolved 
in  its  formation. 

Iodine  does  not  act  upon  the  arsenite  of  ethyl,  and  the  two 
bodies  can  be  separated  by  distillation.  Dry  ammonia  gas  is 
entirely  without  action  upon  the  arsenite  of  ethyl  as  well  as 
upon  the  other  ethers  of  arsenious  acid,  and  they  can  even  be 
distilled  in  an  atmosphere  of  ammonia  without  alteration. 


Digitized  by  VjOOQ  IC 


J.  M.  Crafts  on  Ethers  of  Arsenic  Add,  19 

Arsenite  of  Methyl. 

The  arsenite  of  methyl  was  prepared  by  heating  dnr  arsenious 
acid  with  the  silicate  of  methyl  for  12  hours  at  160  ,  and  very 
nearly  the  theoretical  quantity  was  obtained. 

It  was  also  obtained  by  the  action  of  iodid  of  methyl  on 
arsenite  of  silver  in  a  sealed  tube.  The  reaction  does  not  take 
place  at  a  temperature  lower  than  150°,  and  at  that  tempera- 
ture a  considerable  part  of  the  arsenious  ether  is  destroyed,  so 
that  the  first  method  of  preparation  is  to  be  preferred- 

The  arsenite  of  methyl  boils  at  128°-129°  (no  correction). 

L  ASM&?tonc6=04990  grms. ;    Cbi=0-8966  grms,;  5;0=^0-2442 

grTos, 
IL  Svbstance-0'S726  grms ;  As^Of^^O-ibiS  grms. 

The  arsenic  determination  was  made  by  decomposing  the 
ether  with  water,  oxydizing  with  nitric  acid,  evaporating,  and 
combining  the  arsenic  acid  with  oxyd  of  lead- 

L  n.  Calculated  for  (CH8)8A808. 

0=21-67  — .  21-44 

H=  5-44  _.-  6-36 

As=  — .  44-21  44-64 

The  density  of  liquid  of  arsenite  of  methyl  at  9^-6  compared 
with  that  of  water  at  4° =1-428.  The  vapor  density  was  deter- 
mined from  the  following  data  : 

Difference  between  weights  of  JttZ6=0-5265  grms. 
Temperature  of  the  balance,  =16°  "4 

Temperature  of  the  oil-bath  {air-thermometer)=197^ 
Capacity  of  me  bulby  =161-5  c.  c. 

Air  remaininaj  =     1*0  c.  a 

Vapor  density=6-006  Theory=5-818 

The  determination  probably  came  out  too  high  on  account 
of  the  decomposition  of  a  small  quantity  of  ether  by  the 
moisture  of  the  air. 

The  arsenite  of  methyl  resembles  the  arsenite  of  ethyl  in  its 
properties.  It  is  decomposed  immediately  by  water  and  also 
by  the  moisture  of  the  air  with  formation  of  arsenious  acid  and 
methylic  alcohol. 

In  endeavoring  to  obtain  the  chlorhydrines  of  these  ethers  a 
singular  class  of  compounds  in  indefinite  proportions,  but  with 
constant  boiling  points,  was  discovered.  The  composition  of 
the  chlorhydrines  of  the  arsenite  of  methyl  would  be  repre- 
sented by  the  formulas :  (CH8)8ClAsOj ;  CH8CI2 AsO ,-  ana  in 
order  to  obtain  them,  arsenious  acid  was  heated  with  tlie  chlor- 
hydrines of  the  silicate  of  methyL*  In  this  way  bodies  can 
be  easily  obtained,  having  the  required  composition  and  con- 
*  This  Journal,  II,  xliii,  p.  165  and  33L 
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stant  boiling  points,  but  bodies  witb  their  constituents  in  every 
intermediate  proportion  between  these,  whose  formulas  are 
given  above,  can  also  be  obtained,  and  they  have  equally  con- 
stant boiling  points.  In  feet,  bj  combining  the  chlorid  of 
arsenic  and  an  arsenious  ether  in  mdefinite  proportions,  a  body 
with  a  constant  boiling  point  can  be  ootamed;  and  what 
renders  this  fact  most  remarkable,  is  that  the  boiling  point  is 
not  a  mean  between  those  of  the  two  bodies  mixed,  but  it  is 
higher  than  either  of  them.  The  boiling  point  of  areenite  of 
methyl  is  129®  (no  correction).  The  boiling  point  of  chlorid 
of  arsenic  is  188®  (no  correction).  A  promict  containing  42 
per  cent  of  chlorid  of  arsenic,  and  58  per  cent  of  arsenite  of 
ethyl  distilled  unchanged  at  148^-144°.  A  product  contain- 
ing 11*5  per  cent  of  chlorid  of  arsenic  and  88*5  per  cent  of 
arsenite  of  ethyl  distilled  at  181®-182®.  I  am  not  aware  that 
an  analogous  case  of  combination  in  indefinite  proportions  has 
ever  been  observed. 

The  boiling  point  of  the  arsenite  of  ethyl  is  166®  (no  correc- 
tion). Two  parts  of  arsenite  of  ethyl  ana  one  part  of  chlorid 
of  arsenic  mix  with  slight  disengagement  of  heat,  and  the  pro- 
duct distils  constantly  at  159®-164   (no  correction). 

A  mixture  of  equm  parts  of  chlorid  of  arsenic  and  of  arsenite 
of  ethyl  distils  at  150®-162®. 

A  body  was  also  obtained  by  the  action  of  alcoholate  of 
sodium  upon  the  bromid  of  arsenic  in  excess,  which  contained 
66*75  per  cent  of  bromid  of  arsenic  and  84*25  per  cent  of 
arsenite  of  ethyl,  and  which  distilled  constantly  at  182°-185® 
(no  correction).  The  chlorid  or  bromid  of  arsenic  in  all  these 
bodies  combines  directly  with  dry  ammonia  gas,  leaving  the 
arsenious  ether  free. 

Absenite  of  Amtl. 

The  arsenite  of  amyl  was  prepared  by  the  action  of  the 
amylate  of  sodium  upon  the  oromid  of  arsenic  in  the  same 
way  as  was  described  for  the  preparation  of  tie  ars^ite  of 
ethyl 

The  product,  however,  cannot  be  purified  by  distillation  in 
the  air,  since  it  decomposes  in  part  at  its  boiling  point  It  can, 
however,  be  purified  by  distillation  under  a  pressure  of  60 
millimeters.  The  following  analysis  was  made  of  a  product 
boiling  at  198®-194®  (no  correction)  under  a  pressure  of  60 
millimeters. 
/S'Mi5tonce= 0*4090  grms.  ;    (7Oa=0-7950   grms.  ;  J3iO=0*8578 

grms. 

Calculated  for  (O^uV^^ 

C=5801  58*57 

H=  9*72  9*82 
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The  density  of  liquid  arsenite  of  amyl  at  0^  compared  with 
that  of  water  at  4  =1'0626.  Arsenite  of  amyl,  which  has 
been  purified  by  distillation  under  a  diminished  pressure, 
distils  in  the  air  at  288^-290®,  but  toward  the  last  part  of  the 
distillation  arsenious  acid  separates  out 

Arsenite  of  amyl  is  not  more  stable  than  the  other  ethers  of 
arsenious  acid,  ft  is  immediately  decomposed  by  water  and 
also  by  the  moisture  of  the  air. 

Arsenite  of  amyl  has  analogous  properties  with  the  arsenites 
of  ethyl  and  methyl. 

The  relations  between  the  boiling  points  of  the  bodies  de- 
scribed in  this  paper  present  some  curious  anomalies,  and  do 
not  fall  within  Kopp's  law  derived  from  the  study  of  the  more 
simple  ethera 

Boiling  points  under  a  pressure  of  60  millemeters : 
(CaH08AsO4=149° 
(CH3)sAs04  =129^ 

Difference  =   20° 

Boiling  points  under  the  atmospheric  pressure : 
(CaH5)aAs08=166^ 
(CH8)8As08=129^ 

Difference  =  37° 

In  the  first  case  the  difference  of  boiling  point  for  each  incre- 
ment of  CH,  is  6f  ^ 

In  the  second  case  the  difference  is  12J°. 

I  have  already  stated  in  a  communication  to  the  French 
Academy  of  Sciences,  (April  2,  1867\  that  tungstic  and  anti- 
monius  acids  give  no  ethers  when  tney  are  heated  with  the 
silicate  of  ethjL 


Art.   IIL — On  the  probable  seat  of  Volcanic  Action;   by  T. 
Sterby  Hunt,  LL.D.,  P.RS.* 

The  igneous  theory  of  the  earth's  crust,  which  supposes  it  to 
have  been  at  one  time  a  fosed  mass,  and  to  still  retain  in  its  in- 
terior a  great  degree  of  heat,  is  now  generally  admitted.  In 
order  to  explain  tne  origin  of  eruptive  rocks,  the  phenomena  of 
volcanos,  and  the  movements  of  the  earth's  crust,  all  of  which 
are  conceived  by  geologists  to  depend  upon  the  internal  heat  of 
the  earth,  three  principal  hypotheses  have  been  put  forward. 
Of  these  the  first  supposes  that  in  the  cooling  of  the  globe  a  solid 
*  From  the  G^logical  Magazine  for  June,  1869. 
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crust  of  no  great  thickness  was  formed,  whicli  rests  upon  the 
still  uncongealed  nucleus.  The  second  hypothesis,  maintained 
by  Hopkins  and  by  Poulett  Scrope,  supposes  solidification  to 
have  commenced  at  the  center  of  the  liquid  globe,  and  to  have 
advanced  toward  the  circumference.  Before  the  last  portions 
became  solidified,  there  was  produced,  it  is  conceived,  a  con- 
dition of  imperfect  liquidity,  preventing  the  sinking  of  the  cooled 
and  heavier  particles,  and  giving  rise  to  a  superficial  crust,  from. 
which  solidification  would  proceed  downward  There  woidd 
thus  be  enclosed,  between  the  inner  and  outer  solid  parts,  a  por- 
tion of  uncongealed  matter,  which,  according  to  Hopkins,  may 
be  supposed  still  to  retain  its  liquid  condition,  and  to  be  the 
seat  of  volcanic  action,  whether  existing  in  isolated  reservoirs  or 
subterranean  lakes ;  or  whether,  as  suggested  by  Scrope,  form- 
ing a  continuous  sheet  surrounding  the  solid  nucleus,  whose 
existence  is  thus  conciliated  with  the  evident  fects  of  a  flexible 
crust,  and  of  liquid  ignited  matters  beneath. 

Hopkins,  in  the  discussion  of  this  question,  insisted  upon  the 
fact  established  by  his  experiments,  that  pressure  favors  the 
solidification  of  matters  which,  like  rocks,  pass  in  melting  to  a 
less  dense  condition,  and  hence  concludes  that  the  pressure  ex- 
isting at  great  depths  must  have  induced  solidification  of  the 
molten  mass  at  a  temperature  at  which,  under  a  less  pressure,  it 
would  have  remainea  liquid.  Mr.  Scrope  has  followed  this  up 
bv  the  ingenious  suggestion  that  the  great  pressure  upon  parts 
of  the  solid  igneous  mass  may  become  relaxed  fix)m  the  effect  of 
local  movements  of  the  earth's  crust,  causing  portions  of  the 
solidified  matter  to  pass  immediately  into  the  liquid  state,  thus 
giving  rise  to  eruptive  rocks  in  regions  where  all  before  was 
solid.* 

Similar  views  have  been  put  forward  in  a  note  by  Eev.  O. 
Fisher,  and  in  an  essay  on  the  formation  of  mountain  chains,  by 
Mr.  N.  S.  Shaler,  in  the  proceedings  of  the  Boston  Society  of 
Natural  History,  both  of  which  appear  in  the  Geological  Amgor 
zine  for  November  last  As  summed  up  by  Mr.  Shaler,  the 
second  hypothesis  supposes  that  the  earth  "  consists  of  an  im- 
mense solid  nucleus,  a  hardened  outer  crust,  and  an  intermediate 
region  of  comparatively  slight  depth,  in  an  imperfect  state  of 
igneous  fusion."  In  this  connection  it  is  curious  to  remark  that, 
as  pointed  out  by  Mr.  J.  Clifton  Ward,  in  the  same  Magazine 
for  December  (page  581),  Halley  was  led,  fix)m  the  study  of  ter- 
restrial magnetism,  to  a  similar  hypothesis.  He  supposed  the 
existence  of  two  magnetic  poles  situated  in  the  earth's  outer 
crust,  and  two  others  in  an  interior  mass,  separated  fix)m  the 
solid  envelope  by  a  fluid  medium,  and  revolving,  by  a  very 

*  See  Scrope  on  Yoloanos,  and  his  communication  to  the  CMogieaX  Magazine 
for  Deo.,  1868. 
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small  degree,  slower  than  the  outer  crust*  The  same  con- 
clusion was  subsequently  adopted  by  Hansteen. 

The  formation  of  a  solid  layer  at  the  surface  of  the  viscid  and 
nearly  congealed  mass  of  the  cooling  globe,  as  supposed  by  the 
advocates  of  the  second  hypothesis,  is  readily  admissible.  That 
this  process  should  commence  when  the  remaining  envelope  of 
liquid  was  yet  so  deep  that  the  refrigeration  from  that  time  to 
the  present  has  not  been  sufficient  for  its  entire  solidification,  is, 
however,  not  so  probabla  Such  a  crust  on  the  cooling  super- 
ficial layer  would,  from  the  contraction  consequent  on  the  further 
refrigeration  of  the  liquid  stratum  beneath,  become  more  or  less 
depressed  and  corrugated,  so  that  there  would  probably  result, 
as  I  have  elsewhere  said,  "  an  irregular  diversified  surface  from 
the  contraction  of  the  congealing  mass,  which  at  last  formed  a 
liquid  bath  of  no  great  depth,  surrounding  the  solid  nucleus." 
Geological  phenomena  do  not,  however,  in  my  opinion,  afford 
anj  evidence  of  the  existence  of  yet  unsolidified  portions  of  the 
onginally  liquid  material,  but  are  more  simply  explained  by  the 
third  hypothesis.  This,  like  the  last,  supposes  the  existence  of 
a  solid  nucleus,  and  of  an  outer  crust,  with  an  interposed  layer 
of  partially  fluid  matter,  which  is  not,  however,  a  still  unsolidi- 
fiea  portion  of  the  once  liq^uid  globe,  but  consists  of  the  outer 
part  of  the  congealed  primitive  mass,  disintegrated  and  modified 
by  chemical  and  mechanical  agencies,  impregnated  with  water, 
and  in  a  state  of  igneo-aqueous  fusion. 

The  history  of  this  view  forms  an  interesting  chapter  in 
geology.  As  remarked  by  Humboldt,  a  notion  that  volcanic 
phenomena  have  their  seat  in  the  sedimentary  formations,  and 
are  dependent  oh  the  combustion  of  organic  substances,  belongs 
to  the  infancy  of  geology.  To  this  period  belong  the  theories 
of  L6mery  and  Breislafe  {Cosmos,  v,  443;  Otte's  translation). 
Keferstein  in  his  Naturgeschichte  des  Urdkorpers,  published  in 
1834,  maintained  that  all  crystalline  non-stratified  rocks,  from 
granite  to  lava,  are  products  of  the  transformation  of  sedimentary 
strata,  in  part  very  recent,  and  that  there  is  no  well-defined  line 
to  be  drawn  between  Neptunian  and  volcanic  rocks,  since  they 
pass  into  each  other.  Volcanic  phenomena,  according  to  him, 
have  their  origin  not  in  an  igneous  fluid  center,  nor  in  an 
oxydizing  metallic  nucleus  (Davy,  Daubeny),  but  in  known 
sedimentary  formations,  where  they  are  the  result  of  a  peculiar 
kind  of  fermentation,  which  crystallizes  and  arranges  in  new 

♦  Tho  elevated  temperature  of  the  interior  of  the  globe  would  probably  offer  no 
obstacle  to  the  development  of  magaeti«m.  In  a  recent  experiment  of  M.  Tr6ve, 
communicated  by  M.  Paye  to  the  French  Academy  of  Sciences,  it  was  found  that 
molten  cat»t  iron,  when  poured  into  a  mould,  surrounded  by  a  helix  which  wat 
traversed  by  an  electric  current,  became  a  strong  magnet  when  liquid  at  n  tempe- 
rature of  1300°  C,  and  retained  its  magnetism  while  cooling  (Oomptes  Rendus  de 
TAcad.  des  Sdeacea,  Feb.,  1869. 
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forms  the  elements  of  the  sedimentary  strata,  with  an  evolution 
of  heat  as  a  result  of  the  chemical  process  (  Naturgeschichtej  voL 
i,  p.  109 ;  also  BtdL  Soc.  Geol  de  France  [1],  vt)L  vii,  p.  197). 
In  commenting  upon  these  views  {Am.  Jour,  Science^  July, 
1860),  I  have  remarked  that,  by  ignoring  the  incandescent 
nucleus  as  a  source  of  heat,  Keferstem  has  excluded  the  true 
exciting  cause  of  the  chemical  changes  which  take  place  in  the 
buried  sediments.  The  notion  of  a  subterranean  combustion  or 
fermentation,  as  a  source  of  heat,  is  to  be  rejected  as  irrational 

A  view  identical  with  that  of  Keferstein,  as  to  the  seat  of 
volcanic  phenomena,  was  soon  after  put  forth  by  Sir  John 
Herschel,  in  a  letter  to  Sir  Charles  Lyell,  in  1836  {Proc  GeoL 
Soc  London^  ii,  548).  Starting  from  the  suggestion  of  Scrope 
and  Babbage,  that  the  isothermal  horizons  in  the  earth's  crust 
must  rise  as  a  consequence  of  the  accumulation  of  sediments,  he 
insisted  that  deeply  buried  strata  will  thus  become  crystallized 
by  heat,  and  may  eventually,  with  their  included  water,  be  raised 
to  the  melting  point,  by  which  process  gases  would  be  generated, 
and  earthqu^es  and  volcanic  eruptions  follow.  At  the  same 
time  the  mechanical  disturbance  of  the  equilibrium  of  pressure, 
consequent  upon  a  transfer  of  sediments,  while  the  yielding  sur- 
face reposes  on  matters  partly  liquified,  will  explain  the 
movements  of  elevation  and  subsidence  of  the  eartn's  crust 
Herschel  was  |)robably  ignorant  of  the  extent  to  which  his  views 
had  been  anticipated  by  Keferstein;  and  the  suggestions  of  the 
one  and  the  other  seemed  to  have  passed  unnoticed  by  geologists 
until,  in  March  1858, 1  reproduced  them  in  a  paper  read  before 
the  Canadian  Institute  (Toronto,)  being  at  that  tune  acquainted 
with  Herschers  lett^,  but  not  having  met  with  the  writings  of 
Keferstein.  I  there  considered"  the  reactions  which  would  take 
place  under  the  influence  of  a  high  temperature  in  sediments 
permeated  with  water,  and  containing,  besides  siliceous  and 
aluminous  matters,  carbonates,  chlorids,  and  carbonaceous  sub- 
stancea  From  these,  it  was  shown,  might  be  produced  all  the 
gaseous  emanations  of  volcanic  districts,  while  from  aqueo- 
igneous  ftision  of  the  various  admixtures  might  result  the  great 
variety  of  eruptive  rocks.  To  auote  the  words  of  my  paper 
just  referred  to :  "  We  conceive  that  the  earth's  solid  crust  of 
anhydrous  and  primitive  igneous  rock  is  everywhere  deeply 
concealed  beneatli  its  own  ruins,  which  form  a  great  mass  of 
sedimentary  strata,  permeated  by  water.  As  heat  fix)m  beneath 
invades  these  sediments,  it  produces  in  them  that  change  which 
constitutes  normal  metamorphism.  These  rocks,  at  a  sufficient 
depth,  are  necessarily  in  a  state  of  igneo-aqueous  fusion ;  and 
in  the  event  of  fracture  in  the  overlying  strata,  may  rise  among 
them,  taking  the  form  of  eruptive  rocka  When  the  nature 
of  the  sediments  is  such  as  generate  great  amounts  of  elastic 
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fluids  by  their  fusion,  earthquakes  and  volcanic  eruptions  may- 
result,  and  these — other  things  being  equal — ^will  be  most  likely 
to  occur  under  the  more  recent  formations."  {Canodian  Journal^ 
U^,  1868,  voL  iii,  p.  207). 

The  same  views  are  insisted  upon  in  a  paper  "  On  some  Points 
in  Chemical  Geology"  (Quart  Jour.  GeoL  Soc.  London,  Nov. 
1859,  voL  XV,  page  594),  and  have  since  been  repeatedly  put 
forward  by  me,  with  farther  explanations  as  to  what  I  have 
designated  above,  the  ruins  of  the  crust  of  anhydrous  and  primi- 
tive igneous  rock  This,  it  is  conceived,  must,  by  contraction  in 
cooling,  have  become  porous  and  permeable,  for  a  considerable 
depth,  to  the  waters  afterwards  precipitated  upon  its  surface.  In 
this  way  it  was  prepanwi  alike  for  mechanical  disintegration,  and 
for  the  chemical  action  of  the  acids,  which,  as  shown  in  the  two 
papers  just  referred  to,  must  have  been  present  in  the  air  and 
the  waters  of  the  time.  It  is,  moreover,  not  improbable  that  a 
yet  unsolidified  sheet  of  molten  matter  may  then  have  existed 
beneath  the  earth^s  crust,  and  may  have  intervened  in  the  vol- 
canic phenomena  of  that  early  period,  contributing,  by  its  ex- 
travasation, to  swell  the  vast  amount  of  mineral  matter  then 
brought  within  aqueous  and  atmospheric  influences.  The  earth, 
air,  and  water  thus  made  to  react  upon  each  other,  constitute 
the  first  matter  from  which,  by  mechanical  and  chemical  trans- 
formations, the  whole  mineral  world  known  to  us  has  been  pro- 
duced. 

It  is  the  lower  portions  of  this  great  disint^rated  and  water- 
impr^nated  mass  which  form,  according  to  the  present  hypo- 
thesis, the  semi-liquid  layer  supposed  to  intervene  between  the 
outer  solid  crust  and  the  inner  solid  and  anhydrous  nucleus. 
In  order  to  obtain  a  correct  notion  of  the  condition  of  this  mass, 
both  in  earlier  and  later  times,  two  points  must  be  especially 
considered,  the  relation  of  temperature  to  depth,  and  that  of 
solubility  to  pressure.  It  being  conceded  that  the  increase  of 
temperature  m  descending  in  the  earth's  crust  is  due  to  the 
transmission  and  escape  of  heat  from  the  interior,  Mr.  Hopkins 
showed  mathematically  that  there  exists  a  constant  proportion 
between  the  effect  of  internal  heat  at  the  surfece  and  the  rate  at 
which  the  temperature  increases  in  descending.  Thus,  at  the 
present  time,  while  the  mean  temperature  at  the  earth's  surface 
IS  augmented  only  about  one-twentieth  of  a  d^ee  Fahrenheit, 
by  the  escape  of  heat  from  below,  the  increase  is  to  be  found 
to  be  equal  to  about  one  degree  for  each  sixty  feet  in 
depth.  K,  however,  we  go  back  to  a  period  in  the  history  of 
our  globe  when  the  heat  passing  upward  through  its  crust  was 
sufficient  to  raise  the  superficifu  temperature  twenty  times  as 
much  as  at  present,  that  is  to  say,  one  degree  of  Fahrenheit,  the 
augmentation  of  heat  in  descending  would  be  twenty  times  as 
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great  as  now,  or  one  degree  for  each  three  feet  in  depth  (GeoL 
Jonmal,  viii,  59.)  The  conclusion  is  inevitable  that  a  condition 
of  things  must  have  existed  during  long  periods  in  the  history 
of  the  cooling  globe,  when  the  accumulation  of  comparatively 
thin  lavers  of  sediment  would  have  been  sufficient  to  give  rise 
to  all  the  phenomena  of  metamorphism,  vulcanicity,  and  move- 
ments of  the  crust,  whose  origin  Herschel  has  so  well  ex- 
plained. 

Coming,  in  the  next  place,  to  consider  the  influence  of  pres- 
sure upon  the  buried  materials  derived  from  the  mechanical  and 
chemical  disintegration  of  the  primitive  crust,  we  find  that  by 
the  presence  of  heated  water  throughout  them,  they  are  placed 
under  conditions  very  unlike  those  of  the  original  cooling  mass. 
While  pressure  raises  the  fusing  point  of  such  bodies  as  expand 
in  passing  into  the  liquid  state,  it  depresses  that  point  for  those 
which,  like  ice,  contract  in  becoming  liquid.  The  same  princi- 
ple extends  to  that  liquefaction  which'  constitutes  solution; 
where,  as  is  with  few  exceptions  the  case,  the  process  is  attended 
with  condensation  or  diminution  of  volume,  pressure  will,  as 
shown  by  the  experiments  of  Sorby,  augment  the  solvent  power 
of  the  liquid.*  Under  the  influence  of  the  elevated  tempera- 
ture and  the  great  pressure  which  prevail  at  considerable  depths, 
sediments  should,  therefore,  by  the  effect  of  the  water  which 
they  contain,  acquire  a  certain  degree  of  liquidity,  rendering  not 
improbable  the  suggestion  of  Scheerer,  that  the  presence  of  five 
or  ten  per  cent  of  water  may  suffice,  at  temperatures  approach- 
ing re(mess,  to  give  to  a  granitic  mass  a  liquidity  partaking  at 
once  of  the  character  of  an  igneous  and  an  aqueous  nision.  The 
studies  by  Mr.  Sorby  of  the  cavities  in  crystals  have  led  him  to 
conclude  that  the  constituents  of  granitic  and  trachytic  rocks 
have  crystallized  in  the  presence  of  liquid  water,  \mder  great 
pressure,  at  temperatures  not  above  redness,  and  consequently 
very  far  below  that  rec[uired  for  simple  igneous  fusion.  The 
intervention  of  water  in  giving  liquiaity  to  lavas,  has,  in  fact, 
long  been  taught  by  Scrope,  and  notwitlistanding  the  opposition 
of  Jrlutonists,  like  Durocher,  Foumet,  and  Riviere,  is  now  very 
generaUy  adinitted.  In  this  connection,  the  reader  is  referred 
to  the  Geological  Magazine  for  Februarv,  1868,  page  57,  where 
the  history  of  this  question  is  discussed. 

It  may  here  be  remarked  that  if  we  regard  the  liquefaction 
of  heated  rocks  under  great  pressure,  and  in  presence  of  water, 
as  a  process  of  solution  rather  than  of  fusion,  it  would  follow 
that  diminution  of  pressure,  as  supposed  by  Mr.  Scrope,  would 
cause,  not  liquefiwjtion,  but  the  reverse.  The  mechamcal  pres- 
sure of  great  accumulations  of  sediment  is  to  be  regarded  as  co- 
operating with  heat  to  augment  the  solvent  action  of  the  water, 
*  Sorby,  Bakerian  Leotore,  Boyal  Society,  1863. 
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and  as  being  thus  one  of  the  efficient  causes  of  the  liquefaction 
of  deeply  buried  sedimentary  rocks. 

[The  following  extracts  from  a  note  by  the  author  to  the 
Geological  Magazine  for  February  1870,  may  be  cited  in  farther 
elucidation  of  this  point: — "pressure,  which  in  the  first  case, 
that  of  simple  fusion  of  anhydrous  materials,  prevents  hquefac- 
tion  by  preventing  expansion,  in  the  second  case  (that  of  igneo- 
aqueous  fusion  or  liquefiiction  at  high  temperatures,  by  the  aid 
of  a  small  portion  of  water,  as  maintained  by  Scrope,  Scheerer 
and  Elie  de  Beaumont)  on  the  contrary,  fevors  liquefaction  by 
promoting  the  solution  of  the  water-impregnated  mass.  As 
Sorby  has  shown,  a  conversion  of  mecnanical  into  chemical 
force  appears  in  the  increase  of  solubility  under  pressure.  In 
other  words,  pressure  prevents  fiision  when,  as  in  most  instan- 
ces, it  is  a  process  of  expansion,  but  fevors  solution,  which  is, 
wiA  few  exceptions,  a  process  of  contraction.  Now  since  I 
place  the  seat  of  volcamc  action  in  a  re^on  where  solution, 
rather  than  simple  fusion,  is  the  cause  of  hquidity,  I  am  led  to 
consider  pressure  as  one  of  the  efficient  causes  of  the  Kquefac- 
tion  of  rocks,  and  to  r^ard  its  diminution  as  leading  to  solidi- 
fication."]* 

That  the  water  intervenes  not  only  in  the  phenomena  of  vol- 
canic eruptions,  but  in  the  crystallization  of  the  minerals  of 
eruptive  rocks,  which  have  been  formed  at  temperatures  far  be- 
low that  of  igneous  fusion,  is  a  fact  not  easily  reconciled  with 
either  the  first  or  the  second  hypothesis  of  volcanic  action,  but 
is  in  perfect  accordance  with  the  one  here  maintained,  which  is 
also  strongly  supported  bythe  study  of  the  chemical  composi- 
tion of  i^eous  rocka  These  are  generally  referred  to  two 
^reat  divisions,  corresponding  to  what  have  been  designated 
the  trachytio  and  pyroxenic  types,  and  to  account  for  their 
origin,  a  separation  of  a  liq^uid  igneous  mass  beneath  the  earth's 
crust  into  two  layers  of  acid  and  basic  silicates,  was  imagined 
by  Philips,  Durocher,  and  Bunsen.  The  last  mentioned,  as  is 
well  known,  has  calculated  the  normal  composition  of  these 
supposed  trachytic  and  pyroxenic  magmas,  and  conceives  that 
from  them,  either  separately,  or  by  admixture,  the  various  erup- 
tive rocks  are  derived ;  so  that  the  amounts  of  alumina,  lime, 
magnesia  and  alkalies,  sustain  a  constant  relation  to  the  silica 
in  me  rock.  If,  however,  we  examine  the  analyses  of  the  erup- 
tive rocks  in  Hungary  and  Armenia,  made  by  Streng,  and  put 
forward  in  support  of  this  view,  there  will  be  found  such  dis- 
crepancies between  the  actual  and  the  calculated  results  as  to 
throw  grave  doubts  on  Bunsen's  hypothesis. 

*  See  in  this  connection,  Mr.  Scrope  on  "  The  Character  of  Lavas,"  in  the  Geolog- 
ical Magazine  for  March  1870. 
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Two  things  become  apparent  from  a  study  of  the  chemical 
nature  of  eruptive  rocks ;  first,  that  their  composition  presents 
such  variations  as  are  irreconcilable  with  the  sunple  origin  gen- 
erally assigned  to  them,  and  second,  that  it  is  similar  to  that  of 
sedimentary  rocks,  whose  history  and  origin  it  is,  in  most  cases, 
not  difficult  to  trace.  I  have  elsewhere  pointed  out  how  the 
natural  operation  of  mechanical  and  chemical  agencies  tends  to 
produce  among  sediments,  a  separation  into  two  classes,  corres- 
ponding to  the  two  great  divisions  above  noticed.  From  the 
mode  of  their  accumulation,  however,  great  variations  must 
exist  in  the  composition  of  the  sediments,  corresponding  to 
many  of  the  varieties  presented  by  eruptive  rocks.  The  careful 
study  of  stratified  rocks  of  aqueous  origin  discloses,  in  addition 
to  these,  the  existence  of  deposits  of  basic  silicates  of  peculiar 
types.  Some  of  these  are  in  ^eat  part  magnesian,  others  con- 
sist of  compounds  like  anorthite  and  labwdorite,  highly  alum- 
inous basic  silicates,  in  which  lime  and  soda  enter,  to  the  almost 
complete  exclusion  of  magnesia  and  other  bases;  while  in  the 
masses  of  pinite  or  agalmatolite  rock  we  have  a  similar  alumin- 
ous silicate,  in  which  lime  and  magnesia  are  wanting,  and  pot- 
ash is  the  predominant  alkali  In  such  sediments  as  these  lust 
enumerated  we  find  the  representatives  of  eruptive  rocks  like 
peridotite,  phonolite,  leucitophyre,  and  similar  rocks,  which  are 
so  many  exceptions  in  the  basic  group  of  Bunsen.  As,  how- 
ever, they  are  represented  in  the  sediments  of  the  earth  *s  crust, 
their  appearance  as  exotic  rocks,  consequent  upon  a  softening 
and  extravasation  of  the  more  easily  liquefiable  strata  of  deeply 
buried  formations,  is  readily  and  simply  explained.* 

The  object  of  the  present  commumcation  has  been  to  call  the 
attention  of  geologists  to  the  neglected  views  of  Keferstein  and 
Herschel,  which  I  have  endeavored  to  extend  and  to  adapt  to 
the  present  state  of  our  knowledga     It  is  proposed  in  another 

Etper  to  consider  the  question  of  the  agencies  which  have  regu- 
ted  the  geographical  distribution  of  volcanic  phenomena  both 
in  ancient  and  in  modem  times. 
Montreal,  Canada,  March,  1869. 

♦  See  in  this  connection  the  Canadian  Journal  for  1868,  p.  203;  Quart.  Jour. 
(Jeol.  Society  for  1869,  p.  494;  this  Jour.,  n,  xixvil  266,  ixxviii,  182;  also 
Geology  of  Canada,  1863,  pp.  643,  669,  and  Rep.  Geol  Canada,  1866,  p.  230. 
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Abt.  IV. — Notes  on  some  features  of  the  Flora  of  Eastern  Kansas; 
by  Elihu  Hall. 

[The  following  consists  of  two  articles  (somewhat  curtailed) 
published  in  the  Prairie  Farmer^  which  give  so  clear  an  exposition 
of  the  general  features  of  the  vegetation  of  the  region  under  con- 
sideration, that  we  have  sought  and  obtained  permission  to  repro- 
duce them  in  this  Journal— ^Bds.] 

Tree  growth. — ^In  a  trip  in  September  last  in  a  wagon 
through  a  portion  of  Eastern  Kansas,  fix>m  Forts  Scott  and 
Humboldt  north  to  Leavenworth  and  Aichison,  I  had  excellent 
opportunities  for  observation  of  its  general  flora,  and  more  es- 
pecially 80  that  of  the  autumnal  montna  The  general  character 
of  its  arborescent  flora  is  decidedly  adverse  to  a  favorable  im- 
pression of  the  adaptation  of  the  country  to  tree  growth.  The 
Question  arises  why  all  these  dwarfed,  distorted,  abnormally 
developed  specimens  everywhere,  as  compared  with  the  true 
^rpe  of  trees,  such  as  we  are  accustomed  to  in  our  own  noble 
cienizens  of  the  Mississippi  Valle;^  foresta  True,  on  the  larger 
streams,  the  black  alluvial  deposit  grow  some  very  fine  speci- 
mens of  black  walnut,  cottonwood  and  elms,  but  this  area  is 
quite  limited. 

We  should  naturally  infer  firom  this  character  of  the  native 
arborescent  growth  of  the  country  that  causes  had  been  long 
existing  and  were  yet  in  operation  to  produce  so  general  a  result ; 
but  since  the  settlement  or  since  the  planting  oi  trees  has  been 
commenced  there  by  the  inhabitants,  everywhere  living  eviden- 
ces are  springiiig  up  directly  opposing  all  such  inferences.  In 
some  parts  of  «^fferson  county,  artificial  groves  only  ten  years 
old,  are  already  50  feet  high,  and  appearing,  through  the  misty 
haze  of  autumn,  like  natural  groves  on  the  praines  of  central 
Ulinoia  There  are  evidences,  too,  that  the  native  growth,  that 
is,  the  jroung  trees,  in  all  the  bushy  r^ons,  are  making  good 
speed  m  becoming  saplings  of  proper  proportions;  this  is  par- 
ticularly so  of  the  nickory,  {Carya  aiba  and  C.  porcina,) 

These  many  facts  satirfjr  us  that  the  causes  of  the  abnormal 
tree  growth  here  are  not  ascribable  to  an  uncongenial  climate, 
nor  to  aridity  or  sterility  of  soil,  nor  to  exposure,  for  the  flour- 
ishing artificial  groves  in  Jeflferson  county  are  upon  as  high 
land  as  there  is  probably  in  the  state,  so  near  the  Missouri  river. 
The  CTOwth  of  firuit  trees,  apple,  peach,  p^,  and  the  grape 
vine,  during  the  past  season,  has  been  prodigioua 

Species  and  Distbibution  op  Native  TBEEa — The  Oak 
Family  is  represented  by  Qiiercus  obtusiloba  everywhere  in  the 
bushy  regions,  principauy  as  dwarfed  low  trees  and  bustea 

Q.  macrocarpa  is  less  abundant,  but  occurs  throughout,  some 
specimens  of  mir  proportiona     Q.  Prvnus,  (var.  humilisy)  every 
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where  in  the  bushy  regions  from  one  foot  to  fortyfeet  high,  fruit- 
ing abundantly;  the  very  smallest  bushea  The  White  Oak 
{Q,  alba)  was  not  met  with.  I  doubt  if  there  is  a  specimen  in  the 
State,  authors  of  books  on  Kansas  and  travelers  to  the  contrary 
notwithstanding.  It  is  known  to  be  one  of  the  first  oaks  that 
fails  westward,  and  probably  does  not  reach  the  State  at  any 
point 

Quercits  coccinea  was  frequently  met  with,  but  is  not  abun- 
dant ;  all  dwarfed  specimens, 

Quercus  rubra  is  more  plentiful,  principally  youne  trees. 

Quercus  palustris^  in  the  southern  portion  of  the  State  is 
abundant,  the  principal  tree-growth  mostly  bushes  and  young 
trees,  and  some  large  old  specimens  of  fitir  proportions  on  the 
bottoms  of  the  larger  streams. 

The  Hickory  Family  is  represented  by  Juglans  nigra^  on  the 
streams,  but  not  plentiful ;  a  few  large  specimens. 

Carya  alba,  C,  sulcata,  C,  porcina^  U.  amara  and  C,  olmzformis, 
(the  Pecan ;)  the  latter  abounds  abundantly  in  the  southern  part 
of  the  State,  but  so  far  as  seen,  in  bushy  specimens  or  young 
trees  of  little  promise.  Carya  alba  and  C.  pordna  are  the  two 
species  springing  up  thickly  in  the  bushy  regions,  and  are  des- 
tmed  soon  to  affom  an  abundance  of  the  best  of  fuel;  are 
already  of  size  for  hoop-poles  in  many  places  northward.  Ul- 
mvsjmva  and  Vlmus  Americana  abound  on  the  streams.  These 
are  the  two  commonest  elms  everywhere  westward ;  the  latter 
principally  prevailing. 

Populus  monilifera,  the  common  cotton-wood,  was  fi^uentljr 
met  with,  but  is  probably  not  plenty  after  leaving  the  Missouri 
river.  Neither  of  the  Aspens,  so  common  in  the  regions  further 
north,  was  seen.  The  maples  are  rare  treea  Acer  sacharinum 
was  not  seen.  A  few  well  grown  trees  of  Negundo  a^ceroideSj  (the 
box  elder).  The  Diospyros  Virgxniana,  persimmon,)  is  an 
abundant  shrub  southward,  and  the  Pawpaw  {Asimina  triloba) 
is  scarcely  less  common  in  that  region. 

The  Herbaceous  Flora,  as  would  be  expected,  partakes 
much  of  the  character  of  the  high  plain  flora  west  of  the  Mis- 
souri river ;  the  country  being  chiefly  prairie :  the  number  of 
species  is  small,  but  inmviduals  aggregate  immensely.  Of  the 
grasses,  Andropogon  ftircatus,  A.  scoparius  and  Sorghum  nu- 
tans, compose  probably  80  per  cent  These  are  the  chief  hay 
grasses,  and  probably  the  most  used  by  grazing  stock  in  the 
summer ;  but  the  winter  forage  plant,  as  I  learned  from  the  in- 
habitants, the  one  upon  which  their  cattle  graze  and  fetten  dur- 
ing the  winter  months,  and  from  which  Kansas  has  gained  her 
repuliation  as  a  countrv  where  stock  needed  feeding  a  few  weeks 
in  the  year,  is  iSporobolus  heterolepis.  This  grass  only  abounds 
plentifully  in  certain  localities ;  it  aflects  the  moister  and  flatter 
portions  of  the  prairie,  and  is  most  common  southward    It  is  a 
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wide-spread  species,  however,  being  plentiful  in  Nebraska,  Iowa 
and  Illinois,  and,  doubtless,  in  other  localities ;  more  or  less 
abundant  all  over  the  west  and  northwest,  extending  east  also  to 
Connecticut  The  species  may  be  easily  known  by  its  small 
contracted  panicle  and  round  seeds,  and  esj)eciaUy  by  its  strong 
odor  when  oruised.  It  is  inclined  to  grow  in  bunches  or  stools, 
and  where  most  abundant  it  nearly  occupies  the  ground. 

The  relative  proportion  of  species  as  tney  occur  in  the  locali- 
ties mentioned  oelow,  will  pretty  fairly  represent  the  Qraminea 
in  those  regions. 

In  one  hundred  square  feet  on  a  high  prairie  in  Jefferson 
county: — ^Andropogon  fiircatus,  80  per  cent;  Andropogon 
scoparius,  8  per  cent;  Sorghum  nutans,  6  per  cent;  Kceleria 
cristata,  4  per  cent;  Bouteloua  curtipendula,  2  per  cent 

In  the  same  area  in  another  locality  in  Jefferson  county: 
Sorghum  nutans,  formed  20  per  cent ;  Andropogan  scoparius, 
60  per  cent;  Sporobolus  heterolepis,  8  per  cent;  ranicum  vir- 
gatum,  8  per  cent ;  Panicum  pauciflorum,  4  per  cent 

Same  area  in  Franklin  county,  high  prairie : — ^Andropogon 
furcatus,  6  per  cent;  Andropogon  scopariiis,  80  per  cent; 
Sorghum  nutans,  45  per  cent ;  bouteloua  curtipendula,  10  per 
cent;  Panicum  virgatum,  8  per  cent;  Panicum  dichotomum, 
1  per  cent 

Same  area  in  Anderson  county;  a  thin  soil,  high  prairie: — 
Andropogon  scoparius,  50  per  cent;  Andropogon  forcatus,  2 
per  cent;  Sorghum  nutans,  40  per  cent;  KLoeleria  cristata,  7 
per  cent;  Panicum  pauciflorum,  1  per  cent 

These  stations  are  aU  on  the  prairie,  where  no  local  conditions 
determine  the  character  of  the  vegetation,  the  soils  not  affected 
by  alkali  or  a  superabundance  of  lime,  but  are  good  agricul- 
tural soila  Other  stations  are  occupied  with  special  species. 
The  strongest  alkaline  places  are  almost  exclusively  occupied 
with  Vilfa  cuspidata  and  F.  depauperata,  two  low-growinc  spe- 
cies, with  verv  fine  leaves  thickly  set  on  the  ground ;  pr<M)ably 
nearly  worthless  for  grazing  purposea  Another  peculiar  fea- 
ture of  the  country  consists  of  the  rocky  places,  so-called. 
These  are  generally  found  in  the  vicinity  of^  streams  on  Ihe 
ground  grading  fix)m  the  high  prairies.  Their  peculiarity  con- 
sists in  being  everywhere  oistmctly  lined  out  and  occupied 
abundantly  by  a  very  notable  HeliarUhus^  (sunflower,)  H,  orgyaMs^ 
a  species  peculiar  to  that  region  of  the  country  and  southward. 
These  localities  do  not  reach  the  northern  portion  of  the  State. 
These  rocky  lands  furnish  the  botanist  with  his  richest  treasures. 
Another  very  notable  plant  of  the  southern  and  middle  portions 
of  Kansas,  and  peculiar  to  those  regions,  is  Araphiachyris  dra- 
cunctdoides.  This  is  an  annual,  resembling  Solidago  linifoUay 
but  bearing  an  abundance  of  showy,  yellow  flowers  in  Septem- 
ber.   It  has  spread  from  its  native  habitat, — ^the  rocky  soils, — 
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to  the  road  sides  and  into  the  fields  of  the  farmers,  where  it  has 
already  become  a  formidable  weed.  Imagine  a  field  of  flax  in 
ftiU  bloom,  and  you  have  a  picture  of  many  fields  of  the  Kansas 
formers,  only  differing  in  appearance  by  the  flowers  being  yellow 
instead  of  blue.  It  ms  different  local  names,  such  as  fiutter- 
weed,  Tumble-weed,  etc.  A  shopkeeper  in  Humboldt,  to  whom 
I  applied  for  information,  rather  contemptuously  replied,  "Curi- 
ous any  body  didn't  know  tumble  weed"  Let  not  our  readers 
imagine  that  the  plant  is  Amaranihtcs  aUrnSy  or  Oudoloma  phty- 
phylla^  that  so  often  tumble  over  the  fences  and  hedges  in  Illi- 
nois in  the  autumn  montha  But  the  Extnsas  plant  does  tumble 
some,  too.  When  not  growing  too  thickly,  it  forms  a  rather 
bushy,  round  head. 

But  probably  the  most  notable  plant  on  the  prairies,  at  this 
season  of  the  year,  the  most  universally  distributed,  and  the 
most  showy,  is  Salvia  Pitcheri,  a  species  of  sage,  three  to  five 
feet  high,  bearing  spikes  of  copious,  rather  large,  blue  flowera 
These  give  coloring  to  the  prairie  landscape  more  or  less  abund- 
antly (except  in  the  northern  counties,  where  it  becomes  much 
rarer)  as  fer  as  the  vision  extends  on  either  side,  towering  above 
the  grasses  and  most  other  plants,  crowning  the  whole  verdant 
plain  below  with  a  canopy  of  blue.  Anotner  species  of  Sage 
(Salvia  inchostemoides)  is  common  also.  This  is  more  of  a  weed 
in  appearance,  and  even  threatens  to  become  troublesome  to  the 
agriculturist 

The  general  herbaceous  flora  is  largely  represented  with  the 
Helianthi  Selianihtis  lenticiUariSj  a  showy  species,  much  re- 
sembling the  common  annual  sun-flower,  is  too  abundant,  being 
more  or  less  troublesome  as  a  weed  to  the  £Eurmer.  HeUanthus 
petiolaris,  another  annual  species,  is  less  common.  S.  grosse- 
serratus^  H.  MaayimiMani  on  most  rich  soils.  H.  rigtdus  every- 
where abounds,  and  H.  mollis  occurs  in  all  the  southern  por- 
tions in  immense  quantity,  but  entirely  disappears  northward. 
Only  Silphium  laciniatum  was  seen.  Tftie  otner  notable  prairie 
species  of  "rosin  weed,"  Silphium  terebinthinaceum  does  not 
probably  occur.  These  plants  I  find  are  looked  after  by  land 
nunters  as  indications  of  a  good  soil  I  find  the  one  species 
here  of  all  heights,  fix)m  a  foot  to  six  feet ;  the  general  average 
is  about  three  feet  this  wet  season,  which  is  much  below  the  or- 
dinary stature  of  the  plant  as  seen  on  the  prairies  of  Dlinoia 
Some  other  Compositse  are  largelv  represented :  Aster  muUiflorus^ 
Solidago  rigidus^  &  linifolius^  and  S  Missouriensis  being  exceed- 
ingly abundant  in  specimena  The  Vemonia  fascicuuais  that 
gives  so  much  character  and  notability  to  the  bottom  lands  and 
wet  prairies  of  Illinois  in  the  autumn  months,  is  here  represented 
by  an  allied  species,  Vemonia  Arkansana,  but  in  much  fewer 
specimens. 
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Lespedeza  capitata,  of  the  Pea  family,  is  everywhere  abundant 
on  the  prairies,  and  cut  with  the  hay  often  forms  too  large  a 
portion  of  tonnage  for  the^interest  of  the  buyer ;  which  also  must 
be  said  of  Ltatris  scariosa  and  Z.  smmrrosa;  the  former  some- 
times equal  to  a  fourth  or  fifth  of  the  gross  weight  of  a  stack 
Two  other  species,  but  less  abundant,  are  represented  in  the 
State,  L.  pimctata  and  L.  wc/iwtocAya.  These  noble  plants  em- 
purple the  landscape  on  mousands  of  acres  in  August  and  Sep- 
temoer.  Qerardia  asperi/olia  is  abundant  ahnost  everywhere  on 
the  prairie,  and  contributes  a  good  share  to  the  weedy  character 
of  the  hay.  Eryngium  Leavemoorthii  in  the  extreme  south  is  a 
showy,  handsome  plant,  and,  though  a  biennial,  well  deserves  a 
place  in  ornamental  grounds.  immiUaria  vivipara  and  a  form 
oi  Opwntia  Missounensis  represent  the  CactacecB^  so  far  as  seen. 

WEEDa — ^The  Kansas  farmer  has  alreadv  introduced  his 
quota  of  foreign  weeds ;  but  he  also  has  some  formidable  natives 
to  combat, — ^plants  that  thrive  exceedingly  vrith  cultivation. 
Amphioxhyris  dracuncuUndes^  before  mentioned;  Oroton  capita- 
turn,  and,  perhaps,  worst  of  all,  Solanum  rostratv/m^  a  species 
that  probably  combines  the  bad  characters  of  Datura  Siramo- 
niumy  the  clot  bur  and  the  sand  bur.  The  plant  is  an  annual, 
and  is  already  easily  established,  particularly  in  the  neighbor- 
hood of  Leavenworth  City.  The  common  native  Polygonums 
in  many  localities  have  grown  so  abundantly  and  so  large  in  the 
fields  as  to  make  them  almost  inaccessible  to  a  nearv^ous  pe- 
destrian. 

Seiaria  gh/uca^  (the  fox  tail)  was  plentifully  introduced  on  al- 
most every  farm  in  some  localities,  and  flourishes  exceedingly. 
Some  of  the  fexmers  believe  it  to  be  native,  so  unaccountably 
has  it  appeared  on  their  fiurma  But,  like  purslane,  it  insidi- 
ously marches  westward,  and  often,  doubtless,  the  seeds  are 
abimng  their  time  for  the  conditions  of  soil  necessary  to  their 
developm^it,  for  years  in  advance  of  the  agriculturist  But  of 
the  introduced  plants  we  sought  in  vain  through  all  the  Middle 
and  Southern  coxmties  for  Poa  pratensisy  the  Kentucky  blue 
grass.  Why  a  plant  that  is  so  profitable  to  agriculture,  so  tena- 
cious of  life,  and  so  encroaching  on  the  neighboring  species  that 
few  things  are  able  to  survive  its  neighborship  (even  the  hazel 
with  the  aid  of  grazing  stock  is  gradudly  dying  out  before  it  in 
Illinois,  and  in  most  parts,  especially  of  central  Illinois,  the 
native  grasses  have  long  since  yielded  to  its  persistent  encroach- 
ments),— ^why  this  species  should  be  entirely  absent  was  left  to 
us  without  explanation.  The  residence  grounds  in  the  city  of 
Lawrence,  many  of  them  tasteftdly,  elegantly,  and  expensively 
improved  with  buildings,  were  waving  with  Panicum  capiUare^ 
varied  with  species  of  weeds. 

Am.  Joub.  Boi.— Sboond  Sbbibs,  Vol.  L,  No.  liS.— July,  IBSd 


Digitized  by  VjOOQIC 


M 


E.  HaU  on  the  Flora  of  Eastern  Kansas, 


Can  it  be  that  all  this  comes  fix>m  simple  neglect  of  introduc- 
tion ?  In  the  bushy  regions  in  the  neighborhood  of  Leaven- 
worth and  Atchison,  some  blue  grass  is  met  on  the  roadsides ;  a 
few  pastures  near  Leavenworth  (looking  as  if  doing  well)  and 
the  city  residence  lots  are  frequently  occupied  with  it ;  but  in 
no  other  parts  of  the  State  was  the  plant  seen. 

Prairie  Vegetation. — The  following  catalomes  represent 
the  entire  native  flora  on  the  areas  and  at  the  localities  men- 
tioned. Soon  most  of  these  things  will  have  passed  away  be- 
fore the  restless  plowshare  and  the  all-devouring  kine.  I  give 
them  as  a  natural  history  record. 

One  hundred  square  feet  on  high  prairie  in  Jefferson  county : 


Sorghum  nutans,  20  per  cent. 
Andropogon  scoparius  60  per  cent 
Sporopolu8  heterolepis  6     **      *' 
Helianthus  rigidus  10  per  cent 
Euphorbia  corollata  3  plants. 
Asclepias  tuberosa  1  plant. 
Petalostemon  candidum  8  plants. 
Coreopsis  palmata  1  plant 
Panicum  virgatum  6  plants. 
Salvia  Pitcberi  1  plant 
Solidago  Canadensis  1  plant 
Solidago  rigida  1  plant 


Solidago  linifolia  1  plant. 
Aster  multiflorus  10  plants. 
Panicum  dichotomum  1  plant 
Aster  azureus  5  plants. 
Liatris  soariosa  1  plant 
Liatris  squarrosa  1  plant 
Eragrostis  capillaris  1  plant 
Lespedeza  capitata  1  plant 
Erjnffium  yuccsefolinm  1  plant 
Silphium  laciniatum  1  plant. 
Phlox  pilosa  1  plant 


Same  area  in  Franklin  county,  high  prairie. 


Sorghum  nutans,  60  per  cent 
Andropogon  scoparius  20  per  cent 
Andropogon  furcatus  2  per  cent 
Lespedeza  capitata  8  plants. 
Lactuca  elongata  1  plant 
Aster  laevis  1  plant 
Aster  oblongifolius  3  plants. 
Salvia  Pitcberi  6  plants. 
Liatris  scariosa  2  plants. 
Bouteloua  curtipendula  8  plants. 
Panicum  virgatum  6  plants. 

Same  area  in  Anderson  county,  high  prairie,  thin  soiL 

Andropogon  scoparius,  40  per  cent  Linum  Boottii  10  plants. 
Andropogon  furcatus  1  plant  Solidago  linifolia  4  plants. 


Erifferon  canadense  1  plant 
Euhnia  eupatorioides  1  plant. 
Petalostemon  violaceum  1  plant 
Rosa  bland  a  8  plants. 
Petalostemon  candidum  1  plant 
Silphium  laciniatum  2  plants. 
Panicum  dichotomum  1  plant 
Helianthus  rigidus  3  plants. 
Euphorbia  corollata  1  plant 
Sondago  rigida  1  plant 


Sorghum  nutans  80  per  cent 
Gerardia  asperifolia,  60  plants. 
Eoeleria  cristata,  10  per  cent 
Helianthus  rigidus  26  plants. 
Adter  multiflorus  1  plant 
Solidago  Missouriensis  2  plants. 
Amorpha  canescens  1  plant 
Panicum  panciflorum  8  plants. 


Polygala  verticillata  3  plants. 
Baptisia  leucantha  1  plant 
Antenaria  dioica  3  plants. 
Kuellia  ciliosa  1  plant 
Coreopsis  tinctoria  1  plant 
Psorafea  floribunda  1  plant 
Eryngium  yucciefolium  1  plant. 
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Same  area  in  Linn  county ;  liigli  prairia 

Andropogon  furcatos  80  per  ceDt.  Liatris  squarrosa  8  plants. 

Andropogon  scopariaa  5  per  cent.  Euphorbia  corollata  1  plant. 

Sorgharn  nutans  8  per  cent.  Panicura  dichotomum  8  plants. 

Lespedeza  capitata  5  plants.  Eceleria  cristata  1  plant 

Solidago  Missouriensis  6  plants.  Oxalis  violacea  1  plant 

CeanoSius  ovalis  1  plant  Echinacea  angustifolia  1  plant. 

Aster  azureus  8  plants.  Lin  urn  Boottii  1  plant 

Aster  oblon^folius  5  plants.  Polytsenia  Nuttallii  1  plant. 

Solidago  linifolia  1  plant.  Bouteloua  cnrtipendula  1  plant 

Salvia  Pitcheri  1  plant  Ambrosia  pycnostachya  1  plant. 

Amorpha  canescens  5  plants.  Petalostemon  violaceuno  1  plant 

Helianthns  rigidns  3  plants.  Polygala  incamata  1  plant 


Art.  V. — Notice  of  some  Minerals  from  New  Jersey;  by  Pro£ 
W.  T.  Egbppeb,  of  Bethlehem,  Pa. 

1.  Iron,  Manga)iesej  Zinc,  Chrysolite, 

The  Stirling  Hill,  Sussex  county,  N.  J.,  which  witli  its  neigh- 
bor, the  Minehill,  seems  to  be  an  inexhaustible  storehouse  of 
interesting  minerals,  both  scientifically  and  commercially,  has 
furnished  an  antitype  to  Prof  Brush  s  Hortonolite  from  the 
adjoining  Orange  county. 

Some  years  ago  I  examined  a  black  crystalline  massive  min- 
eral from  this  locality,  and  foimd  it  to  be  a  unisilicate  of  the 
protoxyds  of  iron,  manganese,  zinc  and  magnesium,  and  as 
it  showed  many  of  the  characteristic  physical  and  chemical 
properties  of  chirysolitic  minerals,  especially  that  peculiar  mot- 
tied  coloring,  which  is  so  marked  in  olivmes,  I  supposed  it  a 
variety  of  tephroite,  that  peculiar  subspecies  of  the  groiip  hav- 
ing shortly  l^fore  been  rediscovered  by  Prof  Brush.  During 
a  visit  to  the  locality  in  the  course  of  last  year,  I  succeeded  in 
finding  distinct  crystals,  which  at  once  ranged  the  mineral  un- 
mistakably among  the  chrysolites. 

OrystaMissaMan, — The  crystals  occur  in  great  numbers,  grouped 
together,  and  of  all  sizes,  m>m  an  eighth  of  an  inch  to  two  inches 
in  length  and  nearly  one  inch  in  breadth.  They  are  mostly 
rounded,  owing  to  an  incipient  alteration  of  the  siirface  through 
meteoric  waters,  black  and  duU  on  the  outside,  but  with  lus- 
trous and  brilliant  cleavages  on  being  broken.  Some  of  them, 
however,  are  sharp,  and  allow  of  a  measurement  of  angles  at 
least  by  the  hand-goniometer.  The  dominant  forms  are :  t2  (an- 
gle over  it,  130°),  vi  {ii/\i%,  116°),  It  (angle  at  top,  77°^.  Gene- 
rally subordinate  I  have  observed  the  following  forms :  tt,  1-?,  I-2, 
O,  and  a  fece  replacing  combination  edge  i-a  Al-*  with  parallel 
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intersection-edges,  in  whicli  therefore  n'  =  —7-- —  ,   to  wliich 

among  simple  coeflScienta  the  forms  2-i  or  8-3  would  answer. 
The  ace  is  too  small  and  dull  to  allow  of  a  measurement  of 
angle ;  2-i  appears  however  the  more  likelj  form,  as  chrysolites 
seem  to  have  a  preference  for  the  ratio  1 :  %  Cleavages,  three 
rectangular ;  O  and  i-%  very  and  almost  equally  eminent,  with 
vitreo-pearly  luster  approaching  the  sub-aoMnantme ;  i-l  splin- 
tery. Ua/rmess=b-b-^,  &>. 'G^.=8'95-4*08.  The  average  of  nine 
determinations  with  Jolly^s  spring  balance  gave  4*023.  Cb&w, 
dark  green  to  black  but  eminently  mottled,  so  that  thin  splinters 
or  laminae  transmit  a  pale  yellow  liffht  Streak,  light-yellow- 
ish-reddish-gray. The  powder  is  slightly  attracted  by  the  mag- 
net BB.  rather  refractory,  fusing  at  thin  edges  to  a  dull  black 
sla^.  On  charcoal  ^ves  a  zinc  coating,  more  distinctbr  on  ad- 
dition of  soda.  With  the  fluxes  the  usual  reactions  K)r  silica, 
iron  and  manpmese.  The  borax  and  microcosmic  beads  give 
in  the  O.  P.  the  characteristic  brownish  purple  color,  indicating 
mixtures  of  iron  and  manganese,  which  becomes  green  in  the 
reducing  flame.  With  acids  gelatinizes  readily  and  completely. 
Some  specimens  leave  a  bright  green  undissolved  residue,  which 
I  judge  to  be  spinel  both  fixMn  its  hardness,  its  not  being  at- 
tacked by  ftision  with  soda,  and  complete  decomposition  by 
bisulphate  of  soda. 

In  the  following  analyses  the  silica  was  separated  in  Ae  usual 
manner,  the  filtrate  from  tiie  silica  neutralized  by  carbonate  of 
soda,  then  acidified  with  acetic  add  and  a  current  of  sulphuret- 
ted hydrogen  passed  through  the  solution,  which  separated  the 
zinc  as  sulphid.  This  was  filtered  off,  redissolved  in  HCl, 
and  then  precipitated  from  the  uninterruptedly  boiling  solution 
by  slowly  adding  SfaO,  and  the  2tiO  finally  converted  into  7^ 
by  ignition.  The  filtrate  after  the  separation  of  the  zinc  was 
then  boiled  with  the  addition  of  IKOjOlOs  to  sesquioxydize  the 
iron,  the  iron  precipitated  in  the  usual  manner  as  subacetate,  re- 
dissolved  and  reprecipitated  by  ammonia,  the  manganese  separa- 
ted by  bromine  and  determined  as  pyrophosphate  with  the  pre- 
cautions pointed  out  by  Dr.  Gibbs,  (this  Journal,  No.  xxxi,  p. 
21S),  and  lasfly  the  m^nesia  determined  as  pyroi)hosphate.  I 
will  here  remark,  that  i  did  not  succeed  in  separating  the  oxyd 
of  zinc  from  the  iron  by  the  usucJ  acetate  of  soda  process,  but 
that  a  great  and  often  the  greater  part  of  the  &  went  down 
with  the  iron,  which  I  attribute  to  the  necessary  boiling  of  a 
dilute  solution  (vid.  Johnson's  QuaL  Pres^us).  Hence  my 
former  analyses  were  not  correct,  gave  too  littie  zinc  and  resulted 
in  uni-oxygen  ratio  only  on  account  of  the  near  proximity  of 
the  equivdents  of  iron,  manganese  and  zinc-oxyds.  I  may, 
however,  not  have  handled  the  method  correctiy. 
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The  samples  No.  1  and  2  were  fresh  pieces  of  cleavage  crystals 
carefiiUy  examined  by  the  lens  so  as  to  avoid  all  visible  admix- 
tnres.  No.  1  was  lighter  in  color  than  No.  2,  a  and  6,  which 
latter  are  analyses  of  the  same  powder.  No.  8  are  analyses  of 
two  different  powders  of  the  massive  variety. 


1. 

a 

a 

h 

a 

a 

• 

1. 

2,0. 

Dxy^a 

3,0. 

i 
3,6. 

Si... 

30-76 

3378 

16-26 

10-96 

7-60 

29-90 

36-60 

16-90 

10-66 

6-81 

103 

30-66 

36-44 

16-93 

10-70 

6-44 

1-04 

30'67 

36-37 

17-81 
9-87 
6-69 
1-39 

30-42 

34-20 

17-67 

9-09 

6-49 

2-66 

16-41 

16-96 

16-30 

16-36 

16-22 

ftn.. 
Insol. 

•7-61 
3-66 
216 
804 

7-91 
3'81 

2-n 

2-32 

7-88 
3-82 
2-11 
218 

7-86 
4  01 
1-96 
2-28 

7-60 
3-98 
1-80 
2-60 

99-35 

99-90 

10011 

100-80 

100-62 

16-37 

16-16 

16-99 

1610 

16-98 

The  foregoing  oxygen  ratios  make  the  mineral  a  unisilioata 
The  crystfdlization  being  orthorhombic  with  the  parametric 
ratios  of  the  chrysolite  group,  which  is  confirmed  by  the  other 
physical  and  chemical  characters ;  it  is  hence  an  iron-manganese- 
zinc  chrysolite,  the  first,  to  the  best  of  my  knowledge,  of  the 
group,  into  the  composition  of  which  zinc  enters  as  a  constituent 

It  occurs,  as  before  said,  on  Stirling  lull,  accompanied  by 
Willemite,  Franklinite,  Jeffersonite  and  spinel 

2.  Mcmgcmesian  Dolomite. 

In  the  vast  vein  of  Willemite,  which  is  being  worked  on 
MinehOl  by  the  New  Jersey  Zinc  Company,  there  occur  small 
masses  of  a  beautiful  delicate  pink  mineral  with  a  rhombohedral 
cleavage,  which  by  their  contrast  with  the  purely  apple-green 
Willemite  make  exceedingly  pretty  specimens.  An  analysis 
gave  the  following  composition : 

()&Q  ULuO  feQ  iLgG         InsoL 

5040        43-54  '76         569        0*08  =   10047 

Specific  gravity  =8*052.     Hardness  =4. 

The  mineral  differs  firom  the  known  dialogites  hj  its  greater 
proportion  of  carbonate  of  lime,  and  may  be  considered  either 
as  a  dialogite  in  which  a  little  more  than  one-half  of  the  Stn  is 
replaced  by  lime,  or  as  a  dolomite  in  which  about  five-sixths  of 
the  magnesia  is  replaced  by  ftn. 

8.  A  pseudomorph  of  opal  after  a  micojceous  mineral  probably 

some  chlorite. 

On  Scotch  mountain,  Warren  county,  N.  J.,  not  far  firom  New 
Village,  among  the  Laurentian  syenitic  gneiss  formation  of  that 
region,  there  occur,  scattered  over  the  ground,  numerous  masses 
of  a  white  a  uartzose  mineral  apparently  of  agglutinated  rounded 
granules  oi  about  J  inch  diameter.     Upon  close  examination, 
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many  of  these  granules  show  distinct  cleavages,  which  exhibit 
a  hexaffonal  outline.  Searching  the  ground  carefully  I  found 
wonnl&e  contorted  crystals,  in  shape  like  the  similar  forms  of 
some  chloritic  minerals.  The  substance  is  distinguished  from 
quartz  by  its  low  specific  gravity  =1'961,  and  inferior  hardness 
(nea»  6).  It  is  mostly  soluble  m  caustic  potash,  leaving  only  8 
per  cent  insoluble,  wnich  seemed  to  consist,  in  part  at  least,  of 
the  original  mineral.  On  ignition  it  loses  7*27  per  cent  water. 
It  is  therefore  manifestly  amorphous  quartz  or  opaL  Indeed 
smaU  masses  of  unquestionable  opal  of  various  colors  are  found 
in  the  neighborhood. 

It  hence  appears,  that  micaceous  structure  is  not,  as  is  fre- 
quently assumed,  the  absolute  closing  scene  of  the  metamor- 
phism  of  minerals,  but  that  the  replacing  power  of  sQica  is  able 
to  overcome  the  antimetamorphic  energies  of  minerals  even, 
which  have  arrived  at  the  micaceous  stage. 

Beihlehem,  April  22,  1870. 


Art.  VL — On  the  Size  of  Airnns;  by  Prof  Sir  W.  Thomson, 

F.RS.* 

The  idea  of  an  atom  has  been  so  constantly  associated  with 
incredible  assumptions  of  infinite  stren^di,  absolute  rigidity, 
mystical  actions  at  a  distance,  and  indivisibility,  that  chemists 
and  many  other  reasonable  naturalists  of  modem  times,  losing 
all  patience  with  it,  have  dismissed  it  to  the  realms  of  metaphys- 
ics, and  made  it  smaller  than  "anything  we  can  conceiva" 
But  if  atoms  are  inconceivably  small,  why  are  not  all  chemical 
actions  infinitely  swift?  Chemistry  is  powerless  to  deal  with 
this  question,  and  many  others  of  paramount  importance,  if 
barred  by  the  hardness  of  its  fundamental  assumptions,  fix>m 
contemplating  the  atom  as  a  real  portion  of  matter  occupying 
a  finite  space,  and  forming  a  not  immeasurably  small  constitu- 
ent of  anv  palpable  body. 

More  than  tnirty  years  ago  naturalists  were  scared  by  a  wild 
proposition  of  Gauchy's,  that  the  familiar  prismatic  colors 
proved  the  "sphere  of  sensible  molecular  action"  in  trans- 
parent liquids  and  solids  to  be  comparable  with  the  wave- 
length of  light  The  thirty  years  which  have  intervened  have 
only  confirmed  that  proposition.  They  have  produced  a  large 
number  of  capable  judges ;  and  it  is  only  incapacity^  to  judge 
in  dynamical  questions  that  can  admit  a  doubt  of  the  substan- 
tial correctness  of  Gauchy's  conclusion.  But  the  "  sphere  of 
molecular  action  "  conveys  no  very  clear  idea  to  the  non-mathe- 

♦  Prom  Nature,  No.  22,  March  31. 
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matical  mind.  The  idea  which  it  conveys  to  the  mathematical 
mind  is,  in  my  opinion,  irredeemably  felse.  For  I  have  no 
faith  whatever  in  attractions  and  repulsions  acting  at  a  distance 
between  centers  of  force  according  to  various  laws.  What 
Cauchy*s  mathematics  really  proves  is  this :  that  in  palpably 
homogeneous  bodies,  such  as  glass  or  water,  contiguous  portions 
are  not  similar  when  their  dimensions  are  moderately  small 
fractions  of  the  wave-lencth.  Thus  in  water,  contiguous  cubes, 
each  of  one  one-thousandth  of  a  centimeter  breadth,  are  sen- 
sibly similar.  But  contiguous  cubes  of  one  ten-millionth  of  a 
centimeter  must  be  very  sensibly  diflferent  So  in  a  solid  mass 
of  brickwork,  two  a(^'acent  lengths  of  20,000  centimeters 
each,  may  contain,  one  of  them  nine  hundred  and  ninety-nine 
bricks  and  two  half  bricks,  and  the  other  one  thousand  bricks : 
thus  two  contiguous  cubes  of  20,000  centimeters  breadth  may 
be  considered  as  sensibly  similar.  But  two  adjacent  lengths  of 
forty  centimeters  each  might  contain,  one  of  them  one  brick 
and  two  half  bricks,  and  the  other  two  whole  bricks ;  and  con- 
tiguous cubes  of  forty  centimeters  would  be  very  sensibly  dis- 
similar. In  short,  optical  dynamics  leaves  no  alternative  but 
to  admit  that  the  diameter  of  a  molecule,  or  the  distance 
from  the  center  of  a  molecule  to  the  center  of  a  contiguous 
molecule  in  glass,  water,  or  any  other  of  our  transparent  liquids 
and  solids,  exceeds  a  tcD-thousandth  of  the  wave-length,  or  a 
two-hundred-millionth  of  a  centimeter. 

By  experiments  on  the  contact  electricity  of  metals  made 
eight  or  ten  years  ago,  and  described  in  a  letter  to  Dr.  Joule, 
which  was  published  in  the  Proceeding  of  the  Literary  and 
Philosophical  Society  of  Manchester,  I  found  that  plates  of 
zinc  and  copper  connected  with  one  another  by  a  fine  wire 
attract  one  another,  as  would  similar  pieces  of  one  metal  con 
nected  with  the  two  plates  of  a  galvamc  element,  having  about 
three-quarters  of  the  electro-motive  force  of  a  Daniel's  element 

Measurements  published  in  the  Proceedings  of  the  Eoyal 
Society  for  1860  showed  that  the  attraction  between  paraUel 
plates  of  one  metal  held  at  a  distance  apart  small  in  com- 
parison with  their  diameters,  and  kept  connected  with  such 
a  galvanic  element,  would  experience  an  attraction  amount- 
ing to  two  ten  -  thousand  -  miUionths  of  a  gram  weight  per 
area  of  the  opposed  surfaces  equal  to  the  square  of  the 
distance  between  them.  Let  a  plate  of  zinc  and  a  plate  of 
copper,  each  a  centimeter  square  and  a  hundred-thousandth  of 
a  centimeter  thick,  be  placed  with  a  comer  of  each  touching  a 
metal  globe  of  a  hundred-thousandth  of  a  centimeter  diameter. 
Let  the  plates,  kept  thus  in  metallic  communication  with  one 
another  be  at  first  wide  apart^  except  at  the  comers  touching 
the  little  globe,  and  let  them  then  be  gradually  tumed  r6und 
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till  they  are  parallel  and  at  a  distance  of  a  linndred-thotisandth 
of  a  centimeter  asunder.  In  this  position  they  will  attract  one 
another  with  a  force  equal  in  all  to  two  grams  weight  By  ab- 
stract dynamics  and  tne  theory  of  energy,  it  is  r^dily  proved 
that  the  work  done  by  the  changing  force  of  attraction  during 
the  motion  by  which  we  have  supposed  this  position  to  be 
reached,  is  equal  to  that  of  a  constant  force  of  two  graiiis 
weight  acting  through  a  space  of  a  hundred-thousandth  of  a 
centimeter;  that  is  to  say,  to  two  hundred-thousandths  of 
a  centimeter-gram.  Now  let  a  second  plate  of  zinc  be  brought 
by  a  similar  process  to  the  other  side  of  the  plate  of  copper ; 
a  second  plate  of  copper  to  the  remote  side  of  this  second  plate 
of  zinc,  and  so  on  till  a  pile  is  forme4  consisting  of  50,001  plates 
of  zinc  and  50,000  plates  of  copper,  separated  by  100,000 
spaces,  each  plate  and  each  space  one  hundred-thousandth  of 
a  centimeter  thick.  The  whole  work  done  by  electric  attrac- 
tion in  the  formation  of  this  pile  is  two  centimeter-grams. 

The  whole  mass  of  metal  is  eight  grams.  Hence  the  amount 
of  work  is  a  quarter  of  a  centimeter-gram  per  gram  of  metal 
Now  4,030  centimeter-grams  of  work,  accord-mg  to  Joule's 
dynamical  equivalent  of  heat,  is  the  amount  required  to 
warm  a  gram  of  zinc  or  copper  hj  one  d^ree  centigrade. 
Hence  the  work  done  by  the  electric  attraction  could  warm 
the  substance  by  only  ttttit  of  a  degree.  But  now  let  the 
thickness  of  each  piece  of  metal  and  of  each  intervening  space 
be  a  hundred-millionth  of  a  centimeter  instead  of  a  hundred- 
thousandtL  The  work  would  be  increased  a  million-fold  un- 
less a  hundred-milliontii  of  a  centimeter  approaches  the  small- 
ness  of  a  molecule.  The  heat  equivalent  would  therefore  be 
enough  to  raise  the  temperature  of  material  by  62°.  This 
is  barely,  if  at  all,  admissible,  according  to  our  present  knowl- 
edge, or,  rather,  want  of  knowledge,  regarding  the  heat 
of  combination  of  zinc  and  copper.  But  suppose  the  metal 
plates  and  intervening  spaces  to  be  made  yet  four  times 
thinner,  that  is  to  say,  the  thickness  of  each  to  be  four- 
hundred-millionth  of  a  centimeter.  The  work  and  its  heat 
equivalent  will  be  increased  sixteen-fold.  It  would  there- 
fore be  990  times  as  much  as  that  required  to  warm  the  mass 
by  10  cent,  which  is  very  much  more  than  can  possibly  be 
produced  by  zinc  and  copper  in  entering  into  molecular  com- 
bination. Were  there  in  reality  anything  like  so  much  heat 
of  combination  as  this,  a  mixture  of  zinc  and  copper  powders 
would,  if  melted  in  any  one  spot,  run  together,  generating  more 
than  heat  enough  to  melt  each  throughout;  just  as  a  lai;^ 
quantity  of  gunpowder  if  ignited  in  any  one  spot  bums  through- 
out without  fresh  application  of  heat  Hence  plates  of  zinc 
and  copper  of  a  three-hundred-millionth  of  a  centimeter  thick, 
placed  close  together  alternately,  form  a  near  approximation  to 
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a  chemical  combination,  if  indeed  such  thin  plates  could  be 
made  without  splitting  atoms. 

The  theory  of  capillary  attraction  shows  that  when  a  bubble 
— a  soap-bubble  for  instance — is  blown  larger  and  lar^r,  work  is 
done  by  the  stretching  of  a  film  which  resists  extension  as  if  it 
were  an  elastic  membrane  with  a  constant  contractile  force. 
This  contractile  force  is  to  be  reckoned  as  a  certain  number  of 
units  of  force  per  imit  of  breadtL  Observations  of  the  ascent 
of  water  in  capillary  tubes  shows  that  the  contractile  force  of  a 
thin  film  of  water  is  about  sixteen  milligrams  weight  per 
millimeter  of  breadtL  Hence  the  work  done  in  stretching  a 
water  film  to  any  degree  of  thinness,  reckoned  in  miUimeteav 
milligrams,  is  equal  to  sixteen  times  the  number  of  square 
millimeters  by  which  the  area  is  augmented,  provided  the  film 
is  not  made  so  thin  that  there  is  any  sensible  diminution  of  its 
contractile  force.  In  an  article  "On  the  Thermal  effect  of 
drawing  out  a  Fihn  of  Liquid,"  published  in  the  Proceedincs 
of  the  Iloyal  Society  for  April,  1858, 1  have  proved  from  the 
second  law  of  thermodynamics  that  about  half  as  much  more 
energy,  in  the  shape  of  heat,  must  be  given  to  the  film  to  pre- 
vent it  fix)m  sinking  in  temperature  while  it  is  being  drawn  out 
Henoe  the  intrinsic  energy  of  a  mass  of  water  in  the  shape  of 
a  film  k^t  at  constant  temperature  increases  by  twenty-four 
milligram-millimeters  for  every  square  millimeter  added  to  its 
area. 

Suppose  then  a  film  to  be  given  with  a  thickness  of  a  milli- 
meter, and  suppose  its  area  to  be  augmented  ten  thousand  and 
one  fold:  the  work  done  per  sq^uare  millimeter  of  the  orig- 
inal film,  that  is  to  say  per  miUigram  of  the  mass,  would  be 
240,000  millimeter-milhgrams.  The  heat  equivalent  of  this 
is  more  than  half  a  d^ree  centigrade  of  elevation  of  tempera- 
ture of  the  substance.  The  tmckness  to  which*  the  film  is 
reduced  on  this  supposition  is  very  approximately  a  ten-thou- 
sandth of  a  millimeter.  The  commonest  observation  on  the 
soap-bubble  (which  in  contractile  force  differs  no  doubt  very 
little  from  pure  water)  shows  that  there  is  no  sensible  diminu- 
tion of  contractile  force  by  reduction  of  the  thickness  to  the 
ten-thousandth  of  a  millimeter;  inasmuch  as  the  thickness 
which  gives  the  first  maximum  brightness  round  the  black 
spot  seen  where  the  bubble  is  thinnest,  is  only  about  an  eight- 
tnousandth  of  a  millimeter.  • 

The  very  moderate  amount  of  worif  shown  in  the  preceding 
estimates  is  quite  consistent  with  this  deduction.  But  suppose 
now  the  film  to  be  further  stretched,  until  its  thickness  is 
reduced  to  a  twenty-millionth  of  a  millimeter.  The  work 
spent  in  doing  this  is  two  thousand  times  more  than  that  which 
we  have  just  calculated.    The  heat  equivalent  is  1,180  times 
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the  quantity  required  to  raise  the  temperature  of  the  liquid 
by  one  degree  centigrada  This  is  far  more  than  we  can  aomit 
as  a  possible  amount  of  work  done  in  the  extension  of  a  liquid 
film-  A  smaller  amount  of  work  spent  on  the  liquid  would 
convert  it  into  vapor  at  ordinary  atmospheric  pressure.  The  con- 
clusion is  unavoidable,  that  a  water-film  falls  off  greatly  in  its 
contractile  force  before  it  is  reduced  to  a  thickness  of  a  twenty- 
millionth  of  a  millimeter.  It  is  scarcely  possible,  upon  any 
conceivable  molecular  theory,  that  there  can  be  any  considera- 
ble falling  off  in  the  contractile  force  as  long  as  there  are 
several  molecules  in  the  thicknes&  It  is  therefore  probable 
that  there  are  not  several  molecules  in  a  thickness  of  a  twenty- 
millionth  of  a  millimeter  of  water. 

The  kinetic  theorjr  of  gases  suggested  a  hunded  years  ago 
by  Daniel  BemouiUi  has,  during  me  last  quarter  of  a  century, 
been  worked  out  by  Herapath,  Joule,  Clausius,  and  Maxwell, 
to  so  ^eat  perfection  that  we  now  find  in  it  satisfactory  ex- 
planations of  all  non-chemical  properties  of  gases.  However 
diflScult  it  may  be  even  to  imagine  what  kind  of  thing  the 
molecule  is,  we  may  regard  it  as  an  established  truth  of  science 
that  a  gas  consists  of  moving  molecules  disturbed  fix>m  recti- 
lineal paths  and  cxjnstant  velocities  bv  collisions  or  mutual 
influences,  so  rare  that  the  mean  length  of  proximately  recti- 
lineal portions  of  the  path  of  each  molecule  is  many  times 
greater  than  the  average  distance  fix)m  the  center  of  eacn  mole- 
cule to  the  center  of  the  molecule  nearest  it  at  anv  time.  K, 
for  a  moment,  we  suppose  the  molecules  to  be  hard  elastic 
globes  all  of  one  size,  influencing  one  another  only  through 
actual  contact,  we  have  for  each  molecule  simply  a  zigzag  path 
composed  of  rectilineal  portions,  with  abrupt  changes  of  direc- 
tioiL  On  this  supposition  Clausius  proves,  by  a  simple  appli- 
cation of  the  calculus  of  probabilities,  that  the  average  length 
of  the  free  path  of  a  particle  from  collision  to  collision  Ijears  to 
the  diameter  of  each  globe,  the  ratio  of  the  whole  space  in 
which  the  globes  move,  to  eight  times  the  sum  of  the  volumes 
of  the  globes.  It  follows  that  the  number  of  the  globes  in 
unit  volume  is  equal  to  the  square  of  this  ratio  divid^  by  the 
volume  of  a  sphere  whose  radius  is  equal  to  that  average 
length  of  free  patL  But  we  cannot  believe  that  the  individiml 
molecules  of  gases  in  general,  or  even  of  any  one  gas,  are  hard 
elastic  globes.  Any  two  of  the  mpving  particles  or  molecules 
must  act  upon  one  another  somehow,  so  that  when  they  pass 
very  near  one  another  they  shall  produce  considerable  deflexion 
of  the  path  and  change  in  the  velocity  of  eacL  This  mutual 
action  (called  force)  is  different  at  different  distances,  and  must 
vary,  according  to  variations  of  the  distance,  so  as  to  fulfil  some 
definite  law.    if  the  particles  were  hard  elastic  globes  acting 
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upon  one  another  only  bj  contact,  the  law  of  force  would  be 
— zero  force  when  the  distance  from  center  to  center  exceeds 
the  sum  of  the  radii,  and  infinite  repulsion  for  any  distance 
less  than  the  sum  of  the  radii  This  hypothesis,  with  its 
"hard  and  fast"  demarcation  between  no  force  and  infinite 
force,  seems  to  require  mitigation.  Without  entering  on  the 
theory  of  vortex  atoms  at  present,  I  may  at  least  say  that  soft 
elastic  solids,  not  necessarily  globular,  are  more  promising  than 
infinitely  hard  elastic  globes.  And,  happily,  we  are  not  left 
merely  to  our  fancy  as  to  what  we  are  to  accept  for  probable 
in  respect  to  the  law  of  forca  If  the  particles  were  hard 
elastic  globes,  the  average  time  from  collision  to  collision  would 
be  inversely  as  the  average  velocity  of  the  particles.  But  Max- 
well's experiments  on  the  variation  of  the  viscosities  of  gases 
with  change  of  temperature  prove  that  the  mean  time  from 
collision  to  collision  is  independent  of  the  velocity,  if  we  give 
the  name  collision  to  those  mutual  actions  only  which  produce 
something  more  than  a  certain  specified  degree  of  deflection  of 
the  line  of  motioiL  This  law  could  be  fulfilled  by  soft  elastic 
particles  (globular  or  not  globular) ;  but,  as  we  have  seen,  not 
Dy  hard  elastic  globes.  Such  details,  however,  are  beyond  the 
scope  of  our  present  argument  What  we  want  now  is  rough 
approximations  to  absolute  values,  whether  of  time  or  space  or 
mass — ^not  delicate  differential  resulta  By  Joule,  Maxwell, 
and  Olausius  we  know  that  the  average  velocity  of  the  mole- 
cules of  oxygen  or  nitrogen  or  common  air,  at  ordinary  atmos- 
pheric temperature  and  pressure,  is  about  50,000  centimeters 
per  second,  and  the  average  time  from  collision  to  collision  a 
five-thousand-millionth  of  a  second.  Hence  the  average  length 
of  path  of  each  molecule  between  collisions  is  about  tttsVitt 
of  a  centimeter.  Now,  having  left  the  idea  of  hard  globes, 
according  to  which  the  dimensions  of  a  molecule  and  the 
distinction  between  collision  and  no  collision  are  perfectly 
sharp,  something  of  apparent  circumlocution  must  take  the 
place  of  these  simple  terma 

First,  it  is  to  be  remarked  that  two  molecules  in  collision 
will  exercise  a  mutual  repulsion  in  virtue  of  which  the  distance 
between  their  centers,  after  being  diminished  to  a  minimum, 
will  begin  to  increase  as  the  molecules  leave  one  another.  This 
minimum  distance  would  be  equal  to  the  sum  of  the  radii,  if 
the  molecules  were  infinitely  ham  elastic  spheres;  but  in  reality 
we  must  suppose  it  to  be  very  different  in  different  collisions. 
Considering  only  the  case  of  equal  molecules,  we  might,  then, 
define  the  radius  of  a  molecule  as  half  the  average  shortest 
distance  reached  in  a  vast  number  of  collisions.  The  defini- 
tion I  adopt  for  the  present  is  not  precisely  this,  but  is  chosen 
so  as  to  make  as  simple  as  possible  the  statement  I  have  to 
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make  of  a  combination  of  the  results  of  Olau^us  and  MaxwelL 
Having  defined  the  radius  of  a  gaseous  molecule,  I  call  the 
double  of  the  radius  the  diameter ;  and  the  volume  of  a  globe 
of  the  same  radius  or  diameter  I  call  the  volume  of  the 
molecule. 

The  experiments  of  Cagniard  de  la  Tour,  Faraday,  Regnault, 
and  Andrews,  on  the  condensation  of  gases  do  not  allow  us  to 
believe  that  any  of  the  ordinary  ^es  could  be  made  forty 
thousand  times  denser  than  at  ordinary  atmospheric  pressure 
and  temperature,  without  reducing  the  whole  volume  to  some- 
thing less  than  the  sum  of  the  volume  of  the  gaseous  molecules, 
as  now  defined.  Hence,  according  to  the  grand  theorem  of 
Clausius  quoted  above,  the  average  length  of  path  fi-om  col- 
lision to  collision  cannot  be  more  than  five  thousand*  times  the 
diameter  of  the  gaseous  molecule ;  and  the  number  of  mole- 
cules in  unit  of  volume  cannot  exceed  25,000,000  divided  by 
the  volume  of  a  globe  whose  radius  is  that  average  length  of 
patL  Taking  now  the  preceding  estimate,  tttVtt  ^^  *  centi- 
meter, for  the  average  length  of  path  fi'om  collison  to  collision^ 
we  conclude  that  the  diameter  oi  the  gaseous  molecule  cannot 
be  less  than  -^zr^Tiizzzz  ^^  a  centimeter;  nor  the  number  of 
molecules  in  a  cubic  centimeter  of  the  gas  (at  ordinary  density) 
greater  than  6  X  10* '  (or  six  thousand  million  million  million). 

The  densities  of  known  licjuids  and  solids  are  from  five 
hundred  to  sixteen  thousand  tmies  that  of  atmospheric  air  at 
ordinary  pressure  and  temperature ;  and,  therefore,  the  numbw 
of  molecules  in  a  cubic  centimeter  may  be  from  8  X  10 '^  *  to 
10*  *  (that  is,  from  three  million  million  million  million  to  a 
hundred  million  million  million  million).  From  this  (if  we 
assume  for  a  moment  a  cubic  arrangement  of  molecules),  the 
distance  from  center  to  nearest  center  in  solids  and  liquids  may 
be  estimated  at  from  y^^^ J^^^y  to  ^T^TTirvTnr  of  a  centimet^?. 

The  four  lines  of  argument  which  I  have  now  indicated, 
lead  aU  to  substantially  the  same  estimate  of  the  dimensions  of 
molecular  structura  Jointly  thev  establish  with  what  we  can- 
not but  regard  as  a  very  high  degree  of  probability  the  con- 
clusion that,  in  any  ordinary  Bquid,  transparent  solia,  or  seem- 
ingly opaque  solid,  the  mean  oistance  between  the  centers  of 
contiguous  molecules  is  less  than  the  hundred-millionth,  and 
greater  than  the  two  thousand-millionth  of  a  centimeter. 

To  form  some  conception  of  the  degree  of  coarse-grainedness 
indicated  by  this  conclusion,  imagine  a  rain  drop,  or  a  globe  of 
glass  as  large  as  a  pea,  to  be  magnified  up  to  the  size  of  the 
earth,  each  constituent  molecule  being  mamiified  in  the  same 
proportion.  The  mamified  structure  would  be  coarser  grained 
than  a  heap  of  small  snot,  but  probably  less  coarse  grained  than 
a  heap  of  cricket-balls. 
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Abt.  YIL — Miscellaneous  Optical  Notices ;  by  WOLCOTT  GiBBS, 
M.D.,  Rumford  Professor  in  Harvaxd  University. 

§1. 

On  the  measurement  of  wave  lengths  hy  means  of  indices  of  re- 

fraciion.* 

In  a  brief  notice  f  communicated  to  the  British  Association 
for  the  Advancement  of  Science  at  its  meeting  in  1849,  Prof 
Stokes  has  given  a  method  for  measuring  wave  lengths,  which 
depends  ufjon  the  feet  that,  in  substances  of  medium  refractive 
power,  the  increment  of  the  index  of  refraction  in  passing  from 
one  point  of  the  spectrum  to  another  is  nearly  proportional  to 
the  mcrement  of^  the  square  of  the  reciprocal  oi  the  wave 
lengtL  The  author  showed  that  even  when  the  intervals  were 
taken  much  longer  than  necessarv,  the  error  in  the  wave  length 
was  usually  only  in  the  eighth  place  of  decimala  At  the  (uite 
of  the  puWication  of  this  notice  the  subject  of  wave  lengths 
possessed  but  little  interest  The  recent  development  of  the 
spectral  analysis  of  light  has  given  a  new  impulse  to  this  branch 
of  optics,  and  has  rendered  necessary  the  construction  of  a 
nomxiEd  map  of  the  entire  solar  spectrum.  This  has  been  most 
successfrJlv  accomplished  bv  Angstr6m,:t  but  an  attentive  study 
of  his  work,  as  well  as  of  the  elaborate  researches  of  Van  der 
Willigen§  and  Ditscheiner,|  will  show  that  new  measurements 
will  be  far  from  superfluoua  The  imperfections  even  of  the 
best  ruled  glasses  are  so  great  that  it  may  be  reasonably  doubted 
whether  the  wave  lengths  of  verv  fine  lines  can  be  satisfec- 
torily  measured  directly.  Metho<ls  of  determining  such  wave 
lengths,  depending  upon  the  comparison  of  the  refraction  and  dif- 
fraction spectra,  have  been  given  by  myself^  and  by  Thalen.** 
As  it  seems  at  least  desirable  to  multiply  such  methods,  I  will 
here  give  first  a  discussion  of  the  method  of  Stokes  in  its  one- 
inal  form,  and  afterward  a  simplification  of  that  method  whicn 
will  also  have  its  usea 

If  Cauchy's  formula  for  dispersion,   n=^a  +  p  +  ji  > 

*  Read  before  the  National  Academy  of  Sdenoes,  April  12th,  1870. 
f  Beport  of  tiie  British  Assooiatioa  for  the  Advaiicement  of  Sdeooe  for  1849. 
Notices  and  abstracts,  p.  10. 

iBeoherohee  sor  le  Spectre  Solaire.    Berlin,  1869. 
Arohiipes  da  Mus^  Teyler,  toI.  i,  pw  1. 
Sitzongsberiohte  der  k.  k.  Akad.  der  Wliwensohaften  Bd.  1, 1864. 
This  Journal,  zlvii,  Mardi,  1869. 
**  M^olre  sur  la  determination  des  longneors  d*  onde  des  raies  m^taOiques,  1 868. 
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be  reduced  to  its  two  first  terms,  and  if  we  then  eliminate  the 
constants  a  and  b  firom  three  equations  of  the  form 

we  shall  obtain  the  three  following  equations,  involving  only 
wave  lengths  and  indices  of  refraction: 

1»  = Kz^j) _  (1) 

K-»i)j|  +  («3-«i)x2 

*;= ^^^^^ r  (2) 

{«,-n,)j5  +  (ng-na)j5 

*8  1 

i?  = ^^^^^^ r  (3) 

Of  these  ecjnations  (1)  and  (8)  serve  for  extrapolation  and  (2) 
for  interpolation.  To  test  the  degree  of  accuracy  attainable  in 
determining  wave  lengths  by  these  formulas,  f  have  selected 
the  measurements  made  by  van  der  Willigen.*  The  indices  of 
refiraction  determined  by  the  Dutch  physicist  are  in  feet  the  only 
indices  which  are  at  once  sufficiently  exact  and  sufficiently  nu- 
merous. In  addition  they  have  the  great  advantage  of  having 
been  made  with  reference  to  lines  in  the  solar  spectrum  the  wave 
lengths  of  which  had  been  measured  by  the  same  observer. 
There  can  therefore  be  no  question  of  identity.  As  a  first  ex- 
ample of  the  method,  I  give  a  determination  oi  the  wave  length 
of  C,  taking  B  as  one  of  the  lines  exterior  to  C,  and  taking  in 
succession  7  other  exterior  lines  more  refi»ngible  than  C,  to 
combine  with  B.  Formula  (2)  was  therefore  employed,  and 
with  the  following  data  and  results : — 

B  1-61079  687-48 

C  1*61252  656-56 

D  1-61486  628-11  656-70  +0-14 

11  1-61537  613-96  656-71  4-^-15 

13  1-61560  610-52  656*56  0-00 

14  1-61728  589-56  656*71  +015 

16  1-61978     561-80     656*76      +0*20 

17  1-62064     553-19     656*79      +0*23 
19   1-62148     545-83      656-87      +0-31 


Mean  of  the  errors        +0-17 

In  this  table  the  first  column  gives  the  designation  or  num- 
ber of  the  lines,  the  second  its  index  of  refirSetion,  as  deter- 
mined by  a  Steinheil  prism  of  60°,  the  third  the  corresponding 

*  Archives  da  Mua^  Teyler,  yd.  i,  p.  70. 
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wave  lencth,  according  to  Yan  der  WiUigen,  and  the  fourth 
the  wave  length  as  found  bjr  formula  (2)  by  combming  B  with 
each  line  after  C  in  succession. 

The  mean  of  the  seven  values  of  the  wave  length  of  C  thus 
found  is  656"70,  which  is  in  excess  of  Van  der  Willigen's  own 
determination  of  the  value  of  C  by  014.  From  this  it  appears 
that  the  method  may  be  applied  with  a  tolerable  degree  of  ap- 
proximation, even  in  the  case  of  a  flint  glass  prism  of  high  dis- 
persive power,  and  for  indices  of  refraction  which  refer  to  lines 
at  considerable  angular  distances  from  each  other.  The  increase 
in  the  computed  values  of  C,  as  the  intervals  between  B  and 
the  second  line  of  comparison  are  increased,  will  however  clear- 
ly appear  from  the  table.  The  following  results  were  obtained 
with  the  indices  of  a  second  Steinheil  pnsm.  No.  2,  of  46®  52' 
26''-8,  also  of  flint  glasa 


B 

1-60621 

B  and  8a 

666-21 

—0-86 

C 

1-60694 

Band  11 

666-33 

—0-23 

8a 

1-60872 

Band  13 

666-81 

—0-26 

11 

1-60973 

B  and  16 

666-38 . 

-0-18 

13 

1-60998 

B  and  17 

666-47 

—0.09 

16 

1-61408 

11 

1-61495 

The  mean  of  which  is  656'28,  the  error  being  —0-28.  To  deter- 
mine to  what  extent  the  method  applies,  when  flint  glass  prisms 
are  usgd,  and  the  indices  are  selected  from  the  more  refrangible 
portion  of  the  spectrum,  the  following  data  were  assumed : — 

F       1-62917       486-39       F  and  G  438*88  4-0.30 

F  and  39  438-76  +0-18 

F  and  38  438*82  -f-0*24 

G  and  36  438*76  +0*18 

35  and  38  438-75  -t-0-17 

36  and  39  438*67  -f-0.09 

In  this  table,  line  87  is  taken  as  the  middle  line  in  applying 
formula  (2),  and  the  results  obtained  by  combining  the  other 
lines  in  pairs  are  given  in  columns  4,  5  and  6.  It  ydll  be  seen 
that,  as  m  the  case  of  the  less  refrangible  portion  of  the  spec- 
trum, the  results  obtained  are  with  ttus  prism  always  too  high. 
For  the  purpose  of  comparison,  I  have  computed  the  same  wave 
length  from  the  indices  of  refraction  of  the  second  prism.  The 
data  and  results  are  as  follows : — 


36 

1-63244 

467-00 

37 

1-63828 

438-68 

38 

1-63931 

434*28 

39 

1-63966 

432-74 

G 

1-64006 

431-12 

F  1-62332  486*39  F  and  G  489*07 
85  1-62657  467*00  F  and  89  438*89 
37        1-63221         438-68         F  and  38        438-92 


1-63824        434*28         G  and  35        439*00         +0*42 


39       1-63358        432*74        36  and  38        438*89 
G        1-63400        431*12        35  and  39        438*84 


.0*49 
0*31 
0-34 


•0*31 
•0*26 
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In  the  case  of  the  first  prism  the  mean  of  the  errors  is  +0'21, 
while  for  the  second  the  mean  of  the  errors  is  +0*85.  From 
this  it  appears  that  in  the  more  refrangible  portion  of  the  roec- 
trum  the  errors  are  considerably  greater  thim  in  the  less  renun- 

S'ble  portion,  even  for  equal  differences  of  wave  length,  and 
rther,  that  the  advantage  in  precision  is  with  the  prism  hav- 
ing the  higher  dispersive  power.  As  the  probable  errors  of  the 
measurements  of  the  incuces  of  refraction  are  not  riven,  it  is 
impossible  to  determine  to  what  extent  the  errors  in  tne  commu- 
ted wave  lengths  are  due  solely  to  want  of  precision  in  the  in- 
dices. It  is  also  to  be  remarked  that,  while  with  the  second 
prism  the  errors  in  the  less  refrangible  portion  of  the  spectrum 
are  affected  with  the  sign  — ,  in  the  more  refrangible  portion  they 
are  largely  positive.  The  dose  agreement  in  the  value  of  the 
wave  length  of  87,  as  found  by  v  an  der  Willigen,  with  the 
values  as  found  by  Ditscheiner  and  Angstrom — 488*27  and 
488*28 — ^proves  that  the  source  of  error  is  not  an  erroneous  de- 
termination of  this  quantity.  It  seems  therefore  certain  that  the 
nearly  constant  errors  noted  above  are  due  in  part  to  the  &ct 
that  the  indices  of  refraction  are  determined  only  to  five  places 
of  decimals,  and  in  part  to  the  high  dispersive  powers  of  the 
prisms  employed,  wmch  would  render  it  necessary  to  employ  more 
than  two  terms  in  Cauchy's  formula  to  obtain  a  closer  approxi- 
mation- As  the  formulas  for  interpolation  would  in  this  way  be 
rendered  extremely  complicated,  it  is  better,  in  the  case  of  any 
series  of  observations  embracing  a  particular  part  of  the'scale^ 
simply  to  determine  the  mean  of  the  errors,  and  to  apply  this 
mean  with  its  proper  sign  to  the  computed  values  of  tne  par- 
ticular wave  length  to  Be  determined  by  the  measurement  of 
indices  of  reframon.  If  we  apply  such  a  correction  in  the 
cases  of  the  four  series  of  data  ana  results  given  above,  we  find 
for  the  corrected  values  of  the  wave-lengths  the  following  nu- 
merical results : — 


(1) 

(2) 

(8) 

W 

666-58 

656-49 

438-67 

488-72 

666-54 

656-61 

438*56 

488-64 

666-88 

666-69 

438-61 

488-57 

656-64 

666-66 

488-66 

438-66 

666-69 

666-76 

488-64 

488-64 

656-62 

488-44 

438-49 

The  true  values  being  respectively  666'56  and  488-5ft  These 
results  are,  I  think,  sufficient  to  show  that  a  valuable  control 
for  the  accuracy  of  measurements  of  wave  lengths  may  be  ob- 
tained even  when  prisms  of  high  dispersive  power  are  employ- 
ed, provided  that  the  intervals  taken  are  not  too  laiga  It 
seems  at  least  probable  that  a  greater  degree  of  precision  is  at- 
tainable in  measuring  indices  in  the  case  of  substances  of  high 
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25b 

518-63 

1-62459 

26 

617-61 

1-62472 

21^ 

61707 

1-62479 
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than  in  those  of  low  dispersive  power,  partly  because  the  angu- 
lar deviations  to  be  measured  are  larger,  and  partly  because  the 
spectral  lines  are  less  crowded  together. 

The  following  example  will  serve  to  illustrate  the  advantage 
of  taking  shorter  intervals: — 

X  Indices.  X 

1-61882  

517.61  1-61895  517-56 
1-61901  

The  data  are  here  also  taken  from  Van  der  Willigen*s  meas- 
ures with  the  same  prisms. 

When  the  angular  distances  between  three  spectral  lines  are 
not  too  great,  the  angular  deviation  of  the  lines  may,  as  I  find, 
be  substituted  for  the  indices  of  refraction  in  formulas  (1),  (2) 
and  (3).  The  differences  between  the  angular  deviations  are  of 
course  to  be  converted  into  seconds.  The  following  results  will 
show  the  degree  of  accuracy  attainable  by  this  method,  the  data 
being  taken  from  Ditscheiner's*  measurements  of  the  indices  of 
a  flint  prism  by  Steinheil  of  refracting  angle  60°  4'  59''. 

Sirchhoff's  scale.      X       Angular  deyiationB.  X  Indices.  X 

B       593       687-06       47'' 40' 56"       1-61858       

C       694       655-95       47°  51'  19"  655-97  1-61587  655.82 

..      877       618-67       48°    8'    8"       1-61824       

From  this  it  appears  that  the  error  in  the  determination  of 
the  wave-length  of  the  middle  line  C  is  only  ■fO-02  when  the 
angular  deviations  are  employed,  but  amounts  to  —0-18  when 
the  indices  of  refraction  are  taken  as  tiie  elements  of  the  calcu- 
lation.   Yet  the  interval  between  B  and  877  is  very  large. 

The  following  data  are  taken  from  anotiier  part  of  the  scale, 
the  measurements  being  made  witii  the  same  prism : — 

Kirchhoff  *8  scale.       X      Angular  deviations.      X  Indices.  X 

b       1648-8       51713       49^  4' 16"       1-62775  

1655-6       516-58       49**  4' 44"       516-56  1*62782  516-61 

1698-8       51408       49°  6' 47"       1-62817  

Hence  the  error  in  the  determination  of  the  wave  length  of 
1655*6  is,  when  the  angular  deviations  are  taken,  only  —0-02 
and  when  the  indices  are  taken  +0-03.  It  must  be  borne  in 
mind  that  in  all  the  above  mentioned  examples  the  angles  are 
those  of  minimum  deviation.  As  the  numoers  upon  Earch- 
hoff 's  scale  also  represent  angular  though  not  minimum  devia- 
tions, it  seemed  worth  while  to  determine  how  fiir  for  a  short 
interval,  these  could  be  employed.  Taking  the  tiiree  scale  num- 
bers of  the  last  example,  the  error  in  the  wave-length  of 

*  Bestimmung  der  WeUenlangen  der  nraunhofersQhen  Limeii  des  Sonnenqwc- 
trnms,  p.  43. 
Am.  Joxtb.  Soi.~8BOoin>  Sbbibs,  Vol.  L,  No.  IIS.—Jult,  1870, 
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1655*6  was  found  to  be  —  0*88,  and  when  the  scale  numbers 
were  taken  as  the  sines  or  tangents  of  corresponding  angles, 
+0-09. 

The  following  data  are  taken  from  the  more  refrangible  part 
of  the  spectrum,  the  measurements  being  also  those  of  Ditsch- 
einer,  and  made  with  the  same  prism : — 

2822-8      483.84      60°  34' 67"       1-64287       

G   2864-7      430-88      60°  37'  52"      430-68       1-64384      430-83 
2969-7      429-90      60°  38' 47"       1-64362       

In  this  case  the  error  in  the  wave-length  of  the  middle  line, 
2854*7,  is  —0*20,  as  determined  from  the  angular  deviations, 
and  —  0*05,  as  determined  from  the  indices.  It  must  be  borne 
in  mind  that,  in  this  part  of  the  spectrum,  the  determination 
both  of  wave  lengths  and  of  indices  of  refraction  is  difficult  on 
account  of  the  feeble  intensity  of  the  light 

Since  only  the  differences  between  the  angular  deviations  of 
the  spectral  lines  are  employed  in  the  formulas  above  given,  it 
follows  that  in  determining  wave  lengths  by  the  method  in 
question,  it  is  not  necessary  to  employ  a  spectrometer  with  a 
divided  circle  and  appliances  for  the  measurement  of  large 
anglea  A  common  spectroscope  will  be  sufficient,  if  the  ob- 
serving telescope  be  provided  with  a  filar  micrometer  by  means 
of  which  the  an^ar  distances  of  any  given  line  fix)m  two 
other  lines  of  which  the  wave  lengths  are  known  may  be  meas- 
ured. The  researches  of  Angstrom  leave  nothing  to  be  de- 
sired as  regards  the  wave-lengths  of  standard  lines,  and  the 
method  given  may  prove  a  convenient  means  of  determining 
with  aU  requisite  precision  the  wave  lengths  of  metallic  lines. 


On  liquids  of  high  dispersive  power, — Of  the  liquids  which  have 
hitherto  been  proposed  for  the  construction  of  prisms,  bisulphid 
of  carbon  imquestionably  presents  the  greatest  advantages.  It 
is  cheap,  colorless,  and  unites  a  moderately  high  mean  ren-active 
to  a  very  high  dispersive  power.  By  tacit  consent  a  prism  of 
60°  filled  with  this  liquid  has  come  to  be  adopted  as  a  sort  of 
standard.  The  disadvantages  of  the  bisulphid  are  equally  well 
known,  and  I  have  spent  no  little  time  and  labor  in  tne  en- 
deavor to  find  a  liq^uia  with  a  still  higher  dispersive  power,  less 
volatile,  less  sensitive  optically  to  changes  of  temperature,  and 
less  offensive  in  odor.  In  these  efforts  I  have  not  been  alto- 
gether successful,  no  one  liquid  examined  possessing  all  the 
qualities  desired.  Many  organic  liquids  witn  high  mspersive 
powers  are  difficult  to  prepare  in  a  state  of  purity  and  speedily 
oecome  discolored  by  absorption  of  oxygen  from  the  air.  Such 
are  oil  of  cassia,  the  colorless  oil  obtainable  from  balsam  of 
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Peru  and  others.  The  thallic  alcohol  of  Lamy*  is  fiw  too 
costly.  The  solution  of  silico-tungstate  of  sodium,f  of  meta- 
tungstate  of  sodium  %  a^^d  of  soluble  tungstic  acid  §  as  obtained 
by  dialysis,  all  promised  good  results  from  their  extraordinary 
densities,  but  aU  proved  difficult  to  prepare  in  a  state  of  purity 
and  extremely  easy  of  decomposition. 

A  solution  of  phosphorus  in  bisulphid  of  carbon  has,  accord- 
ing to  Messrs.  Dale  and  Gladstone,]]  a  dispersion  of  0*225,1"  or 
nearly  one  and  a  half  times  as  great  as  bisulphid  of  carbon 
alone,  but  becomes  turbid  on  exposure  to  sunliffht  from  the  for- 
mation of  amorphous  phosphorus.  It  occurred  to  me,  that,  by 
dissolving  sulphur  with  the  phosphorus,  the  formation  of  amor- 
phous phosphorus  might  be  prevented,  and  experiment  proved 
that  this  was  the  case.  The  solution,  as  thus  obtained,  has  a 
pale  yellow  color,  but  is  perfectly  clear  and  undergoes  no  change 
by  the  action  of  light  even  when  long  continued.  I  have  been 
in  the  habit  of  preparing  it  by  dissolvmg  one  part  of  dry  flowers 
of  sulphur  and  two  parts  of  phosphorus,  in  four  or  five  parts  of 
bisulphid  of  carbon,  and  filtering  the  liquid  through  a  well 
dried  ribbed  paper  filter,  which  is  easiljr  done.  The  refractive 
and  dispersive  power  of  the  solution  will  of  course  vary  with 
the  quantity  of  phosphorus  and  sulphur  dissolved.  By  a  gentle 
heat  the  whole,  or  nearly  the  whole,  of  the  bisulphid  of  car- 
bon may  be  driven  off,  a  liquid  compound  of  sulphur  and  phos- 
phorus remaining  which  Eas  so  high  a  mean  refractive  power 
that  it  cannot  be  employed  with  prisms  having  a  refractive  ancle 
of  more  than  45°-50°.  The  same  end  may,  however,  also  oe 
attained  bv  continually  adding  phosphorus  to  a  saturated  solu- 
tion of  sulphur  in  bisulphid  of  caroon,  in  which  phosphorus 
appears  to  oe  soluble  witnout  limit 

With  a  strong  and  probably  saturated  solution  of  sulphur  in 
CS,  the  angle  between  Li  and  D  was  0°  50'  10".  When  phos- 
phorus was  added  the  angle  was  2°  25'  80",  the  refracting  angle 
of  the  prism  being  60°.  in  this  last  case  the  angle  between  Isa , 
and  !Na,  was  0  2'  20".  The  spectrum  was  perfectly  clear, 
the  definition  of  the  dark  lines  leaving  nothing  to  be  desired. 
In  consequence,  however,  of  the  yellow  color  of  the  liquid  there 
is  always  a  marked  absorption  of  the  violet  end  of  the  spectrum. 

In  working  with  the  above  described  solution  I  have  em- 
ployed hollow  glass  prisms  with  refractinjg  plates  cemented  on 
with  a  mixture  of  glue  and  molassea     These  were  found  to 

*  Ann.  de  Ohimie  et  de  Physique,  4th  series,  vol.  iii,  p.  373. 
• '  Ano.  de  Ohimie  et  de  Physique,  4th  series,  vol.  iii,  p.  5. 

:  iScheibler  in  Journal  fiir  prakt  Chimie,  Izxziii,  p  273. 
[  Graham  in  Journal  of  the  ChemicaJ  Society,  vol  ii,  p.  318 
L.  and  E.  PhiL  Mag.,  yoL  xviil,  p.  30. 

*  \  The  number  0'226  is  the  differeDce  between  the  indices  for  the  extreme  red 
and  yiolet  rays. 
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be  perfectly  tiffht  and  to  last  for  months  without  change. 
The  great  disadvantf^e  in  the  use  of  a  solution  of  sulphur 
and  phosphorus  consists  in  the  danger  of  breaking  the  prisms ; 
the  hquid  taking  fire  spontaneously  when  it  has  been  a  few 
seconds  in  contact  with  any  porous  material  like  wood  or 
paper.  On  the  other  hand,  however,  the  large  quantity  of  sul- 
phur present  prevents  the  fire  from  spreadmg,  a  drop  placed 
upon  ajMece  of  wood  leaving  after  combustion  only  a  charred 
spot  When  not  in  use  the  prisms  should  be  kept  in  an  iron 
pot  with  a  tight  cover.  In  tms  manner  I  have  employed  and 
preserved  two  during  a  lontj  and  hot  summer.  The  viscid,  or 
rather  oily,  nature  of  the  solution  serves  to  prevent,  to  a  great 
extent,  the  formation  of  ascending  and  descending  currents  &om 
slight  changes  of  temperature,  and  when  the  prisms  are  well 
shaken  before  use  the  definition  remains  perfect  for  a  lon^  time. 
In  my  spectroscope  the  prisms  rest  upon  a  plate  of  glass  mstead 
of  upon  one  of  metal. 

§8. 

On  an  advantageoics  form  of  apparatus  for  the  study  of  the  ab- 
sorption of  light  in  colored  liquids. 
In  his  examination  of  the  spectra  of  colored  fluids,  Mr.  Glad- 
stone employed  a  hollow  wedge  of  glass,  the  two  ref5racting  sur- 
feces  of  which  made  with  each  other  an  acute  angla  The 
wedge  was  filled  with  the  liquid  to  be  studied  and  so  placed 
that  the  refracting  edge  of  the  analyzing  prism  was  at  right 
angles  to  the  line  of  intersection  of  the  two  fiwjes  of  the  wedge. 
In  this  manner  a  beam  of  light  was  obtained  which  represented 
difierent  thicknesses  of  the  absorbing  liquid,  and  the  resulting 
spectrum  became  a  complete  absorption  diagranu  In  using 
this  apparatus  I  found  the  angular  deviation  produced  by  the 
wedge  a  source  of  considerable  inconvenience.  In  addition  it 
is  easy  to  see  that  the  wedge  itself  produces  a  certain  amount  of 
chromatic  dispersion.  To  remedy  these  defects  and  at  the  same 
time  retain  the  advantages  of  the  method,  I  have  devised  what 
may  be  termed  a  double  wedge.  Two  hollow  wedges,  of  glass 
or  metal,  are  placed  together  in  such  a  manner  that 
the  first  and  last  surfaces  of  the  bounding  plates  of 
j^lass  are  parallel  The  two  wedges  are  separated 
by  a  single  plate  of  glass  with  parallel  surfaces. 
The  base  of  each  wedge,  or  acute-angled  prism,  is 
bored  for  the  insertion  of  a  cork  or  stopper.  The 
construction  of  the  apparatus  wiU  be  readily  un- 
derstood fi-om  the  diagram.  In  using  it  with  a  col- 
ored aqueous  solution  one  of  the  hoUow  prisms,  or 
wedges,  is  to  be  filled  with  distilled  water,  the 
other  with  the  aqueous  solution  to  be  examined.  The  incident 
beam  of  sunlight  is  then  allowed  to  fall  perpendicularly  upon 
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either  surface,  and  the  slit  of  the  spectroscope  is  placed  so  as 
to  be  perpendicular  to  the  two  lines  of  intersection  of  the  three 
refiracting  plates  of  the  double  wedge.  In  this  manner  a  com- 
plete absorption  diagram  is  obtained  by  the  various  thicknesses 
of  the  liquid  examined.  For  substances  soluble  in  alcohol, 
ether,  &c.,  one  of  the  hollow  wedges  must  be  filled  with  the  col- 
orless solvent,  whatever  be  its  nature.  By  this  means  all  angu- 
lar deviation  and  prismatic  dispersion  are  avoided,  as  the  color- 
ing matter  does  not  sensibly  change  the  refractive  power  of  the 
liquid  in  which  it  is  dissolved,  and  the  incident  beam  passes 
through  without  change  in  direction.  In  nay  apparatus  the 
wedges  have  acute  angles  of  about  15°.  This  I  find  to  be  c[uite 
sufficient  for  most  purposes,  as  it  is  easy  to  increase  or  dimmish 
the  quantity  of  substance  dissolved.  When  it  is  wished  to  ex- 
amine the  absorption  produced  by  a  definite  thickness  of  liquid 
or  by  different  thicknesses  in  succession,  the  double  wedge  is  to 
be  so  placed  that  the  slit  of  the  spectroscope  shall  be  parallel 
to  the  lines  of  intersection  of  the  faces  of  the  wedgea  By  mov- 
ing the  wedge  to  one  side  or  the  other  all  thicknesses  of  liquid, 
from  0  to  the  maximum,  obtainable  with  the  apparatus  used, 
may  be  successively  examined. 

On  tests  for  the  perfection  and  parallelism  of  plane  surfaces  of  glass. 
When  a  plano-convex  lens  of  long  radius  of  curvature  is 
placed  upon  a  plane  sur&ce  of  glass  and  the  system  is  illumina- 
ted by  an  obliquely  incident  beam  of  monochromatic  light  as, 
for  example,  by  a  sodium  flame,  the  well  known  phenomenon  of 
Newton's  rings  is  observed  with  remarkable  distinctness  and  per- 
fection of  definition.  The  symmetry  of  the  rings  will  depend, 
in  part,  on  the  perfection  of  figure  of  the  lens,  in  part  on  that  of 
the  plane  surface.  An  extremely  minute  deviation  from  a  per- 
fect plane  will  produce  a  marked  distortion  of  the  circular 
figure  of  the  ring  nearest  the  center.  That  this  distortion  is,  or 
is  not  due  to  the  lens  may  be  determined  by  rotating  the  lens 
round  its  optical  axis  normal  to  the  plane.  No  change  of  figure 
will  be  seen  if  the  lens  is  perfect  in  form  and  the  inequality  is 
in  the  plane  surface  only.  Different  parts  of  the  plane  surmce 
may  of  course  be  tested  m  succession,  by  moving  the  lens  ftx)m 
point  to  point,  and  if  necessary  the  rings  may  be  observed  with 
a  telescopa 

Prof  Rood,  of  New  York,  has  suggested  for  the  observation 
of  Newton's  rings  a  method  which  permits  of  the  employment  of 
a  lens  of  comparatively  small  radius  of  curvature  and  a  micro- 
scope. In  his  arrangement  the  lens  and  plate  of  glass  are  placed 
upon  the  stage  of  the  microscope,  the  light  ftx)m  beneath  be- 
ing cut  off,   and  monochromatic  light  is  then  thrown  down 
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upon  the  system  by  means  of  a  plate  of  glass  with  parallel  sur- 
faces inclined  to  the  axis  of  tne  microscope  at  a  convenient 
angle  and  placed  between  the  objective  and  the  plano-convex 
lens.  In  this  manner  the  rings  are  seen  with  great  distinctness 
and  beauty,  and  the  arrangement  is  particularly  compact  and 
convenient 

The  interference  bands  of  Talbot  afford  a  method  not  merely 
of  observing  with  great  precision  the  inequalities  of  surface  and 
want  of  parallelism  of  the  feces  of  plates  of  glass,  but  also  of 
photographing  these  defects  and  obtaining  a  permanent  chart 
of  the  glass  which  may  be  of  material  assistance  in  correcting 
its  figura  It  is  onlv  necessary  for  this  purpose  to  place  the 
glass  to  be  examinea  near  to  the  object  glass  of  the  collimator 
and  perpendicular  to  its  axis,  so  as  to  intercept  that  half  of  the 
bundle  of  parallel  rays  which  falls  upon  the  first  surface  of  the 
first  prism  nearest  its  refracting  edge.  If  the  plate  has  per- 
fectly plane  and  parallel  surfaces  the  interference  bands  will  be 
sharply  defined  and  parallel  in  the  whole  field  of  view.  The 
slightest  inequality  of  surface,  or  inclination  of  the  feces,  will 
produce  curvature  or  distortion  of  the  bands,  and,  if  the  eye- 
piece of  the  observing  telescope  be  removed,  the  image  may  be 
received  on  a  sensitive  plate  and  photographed.  The  number 
of  prisms  to  be  employed  in  a  particular  case  will  depend  upon 
the  thickness  of  the  plate  of  glass  examined  and,  in  general  terms, 
upon  its  dispersive  power.  For  a  piece  of  French  plate  glass 
four  millimeters  in  thickness,  two  bisulphid  of  carbon  prisms  of 
60°  must  be  used  to  produce  a  suflScient  separation  of  the  inter- 
ference bands  to  enable  them  to  be  seen  distinctly.  More 
prisms  must  be  used  for  thicker  plates  and  in  this  way  a  limit 
IS  soon  reached  at  which  the  method  ceases  to  be  applicable. 

Cambridge.  May  Ist,  1870. 


Art.  VnL — On  the  Occurrence  of  a  Peat  bed  beneath  Deposits  of 
Drift  in  Southwestern  Ohio, 

A  BED  of  peat  has  lately  been  found  one  mile  east  of  Ger- 
mantown,  Montgomery  county,  Ohio,  and  twelve  miles  west  of 
south  from  Dayton — in  the  occurrence  and  connections  of  which 
there  are  several  facts  of  unusual  interest 

It  lies  in,  and  directly  above,  the  channel  of  Twin  creek,  a 
tributary  of  the  Miami  nver.  The  general  course  of  the  creek 
is  southeasterly,  but  just  above  the  point  where  the  peat  bed  is 
exposed,  it  has  made  a  sudden  change  in  direction  fi-om  east  to 
west  of  south.  Its  northern  and  eastern  banks  for  ^  of  a  mile 
in  each  direction  from  the  point  of  deflection,  are  precipitous 
walls  of  stratified  clay  and  gravel,  from  50  to  100  feet  in  thick- 
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ness ;  kept  nearly  vertical  by  the  constant  undermining  action 
of  the  streanL 

Beneath  these  heavy  deposits  and  occupying  40  rods  of  the 
east  bank  of  the  creek,  liie  peat  bed  is  found,  varying  in  thick- 
ness, in  diflferent  portions  of  its  extent,  from  12  to  20  feet  The 
amount  of  the  bed  that  is  exposed  depends  upon  the  stage  of 
water  in  the  stream.  The  stream  is  bedded  for  10  or  15  rods 
upon  the  peat,  but  in  deeper  portions  of  the  channel,  upon  the 
eastern  bank,  an  underlying  formation  of  gravel  can  be  detected. 
The  uppermost  layers  of  the  peat  contain  undecomposed  sphag- 
nous  mosses,  grasses  and  sedges,  but  in  other  portions  of  the 
bed,  the  vegetable  structure  is  generally  indistinct,  with  the  ex- 
ception of  abundant  fragments  of  coniferous  wood,  which  in 
many  instances  can  be  identified  as  Red  Cedar  {Junipervs  vir- 
ginianus).  At  the  southern  extremity  of  the  bed  in  particular, 
there  is  a  great  accumulation  of  wood,  in  trunks,  roots,  branches 
and  twigs,  much  of  which  has  been  flattened  by  the  pressure  of 
the  80  leet  of  clay  and  gravel  that  overlie  it  Branches  that 
were  originally  two  inches  in  diameter  now  afford  lenticular  sec- 
tions witn  no  more  than  a  i  inch  for  the  shorter  axis,  while  many 
of  the  smaller  stems  have  been  compressed  into  ribbons.  The 
berries  of  the  cedar  are  abundant  m  the  upper  layers  of  the 
peat  At  a  point  i  mile  higher  up  the  stream,  trunks  of  cedar 
nearly  two  feet  in  diameter,  have  been  taken  from  beneath  these 
same  drift  beds  and  turned  to  account  for  fencing  posts. 

There  are  indications  that  the  peat  bed  has  a  considerable  ex- 
tent to  the  northward  and  eastward.  A  bed  of  "  black  earth  " 
was  found  underlying  clay  and  gravel  in  digging  a  well  1} 
miles  east  of  this  locality.  The  bed  occurred  at  a  depth  of  30 
feet  and  was  itself  from  10  to  15  feet  in  thickness.  The  waters 
of  springs  in  the  same  neighborhood  are  discolored,  as  if  by 
contact  with  such  deposits. 

It  may  be  added  in  this  connection  that  there  is  a  large 
amount  of  wood  buried  beneath  the  drift  throughout  this  region 
generally.  It  is  not  a  circumstance  of  infrequent  occurrence  to 
meet  with  it  in  the  digging  of  wells.  There  is  scarcely  a  square 
mile  in  the  thickly  settled  portions  of  the  adjacent  country  in 
which  instances  of  this  kind  can  not  be  found,  and  three  in- 
stances are  on  record  within  the  limits  of  a  single  village. 

The  wood  is  in  great  part  coniferous,  but  not  exclusively  so ; 
for  according  to  the  testimony  of  intelligent  and  observing,  prac- 
tical men  who  deem  themselves  entirely  competent  to  give  a 
judgment  in  the  case,  ash,  hickory  and  sycamore,  together  with 
grape-vines  and  beech  leaves,  have  been  found  covered  with 
drift  deposits. 

A  stratum  of  soil,  one  or  two  feet  in  thickness  is  often  asso- 
ciated with  these  vegetable  remains.     The  soil  and  the  wood 
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'  occur  at  various  deptlis,  but  in  the  cases  already  noted,  between 
the  limits  of  10  feet  and  90  feet  A  large  proportion,  however, 
of  the  instances  on  record,  have  been  found  at  about  SO  feet  in 
depth,  immediately  beneath  the  yellow  clays  that  constitute 
the  last  of  the  drift  series  in  this  r^on. 

Through  all  portions  of  the  peat  above  mentioned,  sand  and 
pebbles  are  scattered.  The  pebbles  are  mostly  of  small  size, 
seldom  larger  than  a  pea,  but  occasionally  three  or  four  inches 
in  diameter.  They  agree  in  general  character  with  the  gravel 
of  the  country. 

At  the  lower  extremity  of  the  peat  bed,  the  formation  thins 
out  and  the  bottom  layers  are  found  above  the  water,  resting 
upon  a  surface  of  gravel  that  slopes  downward  at  an  angle  of 
about  30  d^ees.  All  the  limestone  pebbles  which  the  peat 
overlies  at  this  point,  appear  to  have  been  "  burned."  They  are 
white  and  soft,  as  much  so  as  they  would  have  been  if  they  had 
been  converted  into  hydrates  of  lime  by  the  ordinary  processes. 
Analysis,  however,  shows  them  to  be  in  the  state  of  carbonates. 

In  the  inclined  strata,  heavy  beds  of  ochreous  gravel  occur. 
The  ochre  is  easily  separated  from  the  gravel  by  washing  and 
famishes  a  marketable  paint  of  fair  quality.  The  nature  and 
arrangement  of  the  materials  of  these  inclinea  beds  indicate  that 
thev  were  brought  from  the  eastward  by  a  torrent-like  stream 
and  deposited  over  a  precipitous  bank. 

In  pockets  of  the  gravel  and  also  in  the  clay  that  immediately 
covers  the  peat,  small  quantities  of  vivianite,  "blue  earth,"  or 
phosphate  of  iron,  are  found.  From  one  of  the  largest  accu- 
mulations of  this  substance,  a  tusk  or  tooth  was  taken.  It  was 
described  as  resembling  a  hog's  tusk,  except  that  it  was  much 
larger.  It  may  also  be  added  that  two  mastodon  tusks,  each 
measuring  eight  feet  in  length,  were  taken  in  the  spring  of 
1870,  from  the  northern  part  of  the  same  drift  bed  to  wnich  the 
peat  belongs  and  at  about  the  same  leveL 

The  reference  of  the  phosphoric  acid  of  the  vivianite  to  ver- 
tebrate bones  will,  therefore,  hardly  be  questioned. 

From  the  above  named  &cts,  we  seem  warranted  in  conclud- 
ing that  the  coniferous  wood  in  question  grew  in  the  region 
where  we  find  it  buried.  The  amount  of  the  wood  renders  this 
probable  and  the  nature  of  the  remains  forbids  any  other  sup- 
position. In  this  connection,  it  is  only  needful  to  recall  the 
tacts,  that  cedar  berries  in  notable  quantity,  and  that  branching 
twigs,  the  veriest  spray  of  the  cedar,  sometimes  still  covered 
with  bark,  are  well  preserved  in  the  peat 

We  learn  ftirthefmore  that  the  date,  at  which  this  vegetation 
grew,  was  in  the  closing  or  Champlain  epoch  of  the  Drift  period, 
for  it  is  underlain  by  stratified  drift  deposits.  A  subsidence  of 
the  continent  below  its  present  level  had  already  occurred,  dur- 
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ing  which  these  underlying  beds  were  formed,  but  there  would 
seem  to  have  been  a  restoration  of  this  southern  border  of  the 
drift-swept  r^on  at  least,  to  dry  land  once  more,  and  this  res- 
toration must  have  continued  through  a  period  of  considerable 
length.  It  was  followed  by  another  movement  of  depression, 
during  which  the  highest  of  the  yellow  clays,  the  latest  forma- 
tion (rf  the  drift,  were  deposited.  There  seem  materials  in  this 
line  of  facts  for  a  more  orderly  division  of  the  later  formed  de- 
posits of  the  post-tertiary  than  has  heretofore  been  recognized. 

We  also  learn  that  mammalian  life  was  associated  with  this 
intercalated  period  of  vegetable  growth.  The  mammoth  and 
the  mastodon  subsisted  on  the  coniferous  wood  which  is  repre- 
sented so  largely  here.  The  series  of  changes  in  level  already 
referred  to,  must  have  exterminated  these  earlier  representatives 
of  elephantine  life,  but  we  find  the  same  species  returning  to 
their  old  dwelling  places  when  the  waters  of  the  drift  seas  had 
finally  abated. 


Abt.  IX.  —  On  the  Theoretical  Temperature  of  the  Sun  ;  under 
the  Hypothesis  of  a  Gaseous  Mass  maintaining  its  Volume  by  its 
Internal  Heat^  and  depending  on  the  Laws  of  Gases  as  known 
to  Terrestrial  Uxperimsnt;  by  J.  HoMER  Lane,  Washing- 
ton, D.  C. 

[Bead  before  the  National  Academy  of  Sciences  at  the  session  of  April  13-1 6, 1869.] 

Mant  years  have  passed  since  the  suggestion  was  thrown  out 
by  Helmnoltz,  and  afterwards  by  others,  that  the  present  vol- 
ume of  the  sun  is  maintained  by  his  internal  heat,  and  may  be- 
come less  in  time.  Upon  this  hypothesis  it  was  proposed  to 
account  for  the  renewal  of  the  heat  radiated  from  the  sun,  by 
means  of  the  mechanical  power  of  the  sun*s  mass  descending 
toward  his  center.  Calculations  made  by  Prof  Pierce,  and  I 
believe  by  others,  have  shown  that  this  provides  a  supply  of 
heat  far  greater  than  it  is  possible  to  attribute  to  the  meteoric 
theory  of  Prof  Wm.  Thomson,  which,  I  understand,  has  been 
abandoned  by  Prof  Thomson  himself  as  not  reconcilable  with 
astronomical  facta  Some  years  ago  the  question  occurred  to  me 
in  connection  with  this  theory  of  Helmholtz  whether  the  entire 
mass  of  the  sun  might  not  be  a  mixture  of  transparent  gases, 
and  whether  Herschd's  clouds  might  not  arise  from  the  precipi- 
'  tation  of  some  of  these  gases,  say  carbon,  near  the  surface,  with 
their  revaporization  when  fallen  or  carried  into  the  hotter  sub- 
jacent layers  of  atmosphere  beneath ;  the  circulation  necessary 
for  the  play  of  this  Espian  theory  being  of  course  maintained 
by  the  constant  disturbance  of  equilibrium  due  to  the  loss  of 
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heat  by  radiation  from  the  precipitated  clouds.  Pro£  Espy's 
theory  of  storms  I  first  became  acquainted  with  more  tnan 
twenty  years  ago  from  lectures  delivered  by  himself  and,  origi- 
nal as  I  suppose  it  to  be,  and  well  supported  as  it  is  in  the  phe- 
nomena of  terrestrial  meteorology,  I  have  long  thought  that 
Prof  Espy's  labors  deserve  a  more  general  recognition  than  they 
have  received  abroad.  It  is  not  surprising,  therefore,  in  a  time 
when  the  constitution  of  the  sun  was  exciting  so  much  discus- 
sion, that  the  above  suggestions  should  have  occurred  to  my- 
self before  I  became  aware  of  the  very  similar,  and  in  the  mam 
identical,  views  of  Prof  Faye,  put  forth  in  the  Comptes  Rendus. 
I  sought  to  determine  how  far  such  a  supposed  constitution  of 
the  sun  could  be  made  to  connect  with  the  laws  of  the  gases  as 
known  to  us  in  terrestrial  experiments  at  common  temperatures. 
Some  calculations  based  upon  conjectures  of  the  highest  temper- 
ature and  least  density  thought  supposable  at  the  sun's  photo- 
sphere led  me  to  the  conclusion  that  it  was  extremely  difficult, 
if  not  impossible,  to  make  out  the  connection  in  a  credible 
manner.  Nevertheless,  I  mentioned  my  ideas  to  Prof  Henrv, 
Secretary  of  the  Smithsonian  Institution,  when  he  immediately 
referred  me  to  a  number  of  the  Comptes  Rendus,  then  recently 
received,  containing  Faye's  exposition  of  his  theory.  Of  course 
nothing  is  farther  from  my  purpose  than  to  make  any  kind  of 
claim  to  any  thing  in  that  publication.  After  becoming  ac- 
quainted with  his  labors  I  still  regarded  the  theory  as  seriously 
lacking,  in  its  physical  or  mechanical  aspect,  the  airect  support 
of  confirmatory  observations,  and  even  as  being  subject  to  grave 
difficulty  in  that  direction.     In  this  attitude  fallowed  the  sub- 

i'ect  to  rest  until  my  friend  Dr.  Craig,  in  charge  of  the  Chemical 
jaboraton^  of  the  Surgeon  General's  office,  without  any  knowl- 
edge of  Faye's  memoir,  or  of  my  own  suggestions  previously 
made  to  Prof  Henry  and  another  scientific  mend,  fell  upon  the 
same  ideas  of  the  sun's  constitution,  availing  himself,  precisely 
as  I  had  done,  of  Espy's  theory  of  storms.  Dr.  Craig's  ideas 
were  communicated  to  a  company  of  scientific  gentlemen  early 
last  spring,  and  soon  after,  Prof  Newcomb,  of  the  U.  S.  Naval 
Observatory,  entered  into  a  general  survOT  of  the  nebular  hy- 
pothesis. These  communications  of  Dr.  Craig  and  Prof  New- 
comb  led  me  to  enter  into  a  renewed  examination  of  the  me- 
chanical embarrassment  under  which  I  had  believed  the  theory 
to  labor.  Not  anv  longer  relying  on  my  first  rough  estimate 
based  on  assumed  high  temperatures  at  the  photosphere,  the 
question  was  now  inverted.  Assuming  the  gaseous  constitution, 
and  assuming  the  laws  expressed  in  Poisson's  formulaB,  known 
to  govern  the  constitution  of  gsises  at  common  temperatures  and 
densities,  what  shall  we  find  to  be  the  temperatures  and  densi- 
ties corresponding  to  the  observed  volume  of  the  sun  supposing 
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it  were  composed  of  some  known  gas  such  as  hydrogen,  or  sup- 
posing it  to  be  composed  of  such  a  mixture  of  gases  as  would  be 
represented  by  common  air.     Pure  hydrogen  will,  of  course, 

SVe  us  the  lowest  temperature  of  all  known  substances,  under 
e  general  hypothesis. 

The  question  was  resolved,  and  the  results  were  communica- 
ted in  graphical  and  numerical  form  in  May  or  June  last  to  two 
or  three  scientific  friends,  but  their  publication  has  been  delayed 
by  an  unavoidable  absence  of  several  months  from  home. 

Premising  that  the  unit  of  density  shall  correspond  to  a  unit 
of  mass  in  the  cube  of  the  unit  of  length,  the  unit  of  force  to 
the  force  of  terrestrial  gravity  in  the  unit  of  mass,  and  the  unit 
of  pressure  or  elasticity  in  the  gas  to  the  unit  of  force  on  a 
surBace  equal  to  the  square  of  the  unit  of  length : 

Let  r=the  distance  of  an  element  of  the  sun's  mass  from  the 
sun's  center, 
^=the  temperature  of  the  element, 
<yt=iis  atmospheric  subtangent,  referred  to  the  force  of 
gravity  at  the  earth's  surfece,  or  height  of  the  column 
of  homogeneous  gas,  whose  terrestrial  gravitating  force 
would  equal  its  elasticity, 
^=its  density,  or  mass  of  its  unit  volume, 
= force  of  terrestrial  gravity  in  its  unit  volume, 
^a^=its  elasticity,  or  elastic  force  per  unit  surfisw^e, 
jB=the  earth's  radius, 
i/=the  earth's  mass, 

m=the  mass  of  the  part  of  the  sun's  body  contained  in 
the  concentric  sphere  whose  radius  is  r, 

M  r^ 

— —.  at=  the  subtangent  of  the  gas  under  its  actual  gravita^ 

ing  force  in  the  sun. 
The  condition  of  equilibrium  between  the  gravitating  force 
of  a  thin  horizontal  layer  of  gas  whose  thickness  is  dr,  and  the 
difference  of  elastic  force  between  its  lower  and  upper  surfaces, 
is  expressed  by  the  equation. 

Under  the  hypothesis  that  the  law  of  Mariotte  and  the  law 
of  Poisson  prevail  throughout  the  whole  mass,  and  that  this 
mass  is  in  convective  equilibrium,  we  have 

or=a  constant,  (1) 

^  representing  the  value  of  ^  in  the  part  of  the  mass  where  the 
density  is  a  unit 

The  theoretical  difficulties  which,  if  the  supply  of  solar  heat 

*  k  represents  the  ratio  of  the  specific  heat  of  a  gas  under  constant  pressure  to 
its  specific  heat  under  constant  yolume. 
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is  to  be  kept  up  by  the  potential  due  to  the  mutual  approach 
of  the  parts  of  the  sun*s  mass  consequent  on  the  loss  of  heat 
by  radiation,  come  in  when  we  suppose  a  material  departure 
fi?om  these  laws  of  Mariotte  and  of  Poisson  at  the  extreme 
temperatures  and  pressures  in  the  sun^s  body,  or  how  fiir  such 
difficulties  intervene,  will  be  considered  further  on. 

By  means  of  the  constant  value  of  <^,  and  the  value  of  t 
given  in  (1),  the  above  differential  equation  is  transformed  into 

the  integral  of  which  gives 

[J      -    k     oMt,9,^V,     r,    '  ^^^ 

in  which  q^  is  the  value  of  Q  at  the  sun^s  center. 
We  have  also 

r  r 

m=^n  r qr^dr-=i  inq^    I    ^r^dr.  (3) 

K  now  we  put 

/  kaMt. 

«•— I L_ 

we  shall  have 

X 

in  which  /i=z/  — aj^dSc,  (6) 

t/o  Qo 
and  equation  (2)  becomes 

In  equations  (6)  and  (7)  it  is  plain  that  upon  the  value  of  k 
alone  depends :  first  tiie  form  of  the  curve  that  expresses  the 

value  of  —  for  each  value  of  x ;  secondly,  the  value  of  the 

upper  limit  of  x  corresponding  to  -^=0;  and  thirdly,  the  cor- 

responding  value  of  f*.  These  limiting,  or  terminal,  values  of 
X  and  fij  cannot  be  found  except  by  calculating  the  curve,  for 

E equations  (6)  and  (7)  seem  incapable  of  being  reduced  to  a  com- 
lete  general  integral.  But  when  these  values  have  been  found 
)r  any  proposed  value  of  i,  they  may  be  introduced  once  for 
all  into  equations  (4)  and  (5),  from  wluch  the  values  of  q^^  and 
of  (^  ^,  are  at  once  deduced. 

I  have  made  these  calculations  for  two  different  assumed 
values  of  k,  viz.,  ^=14,  which  is  near  the  experimental  value 
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it  has  in  common  air,  and  i=lf,  which  is  the  maximum  pos- 
sible value  it  can  have  in  the  light  of  Clausius'  theory  of  the 
constitution  of  the  gases.     The  calculation  of  the  curve  of 

^ ,  or  of  (—]   • ,  begins  at  the  sun's  center  where  x=0.    For  the 

^0  Wo/  .       , 

small  values  of  x,  mtegration  by  senes  enables  us  readily  to 

deduce  from  equations  (6)  and  (7)  the  following  approximate 
numerical  equations : 

For  *=1'4, 
fi=ix^-j^'+,,h^^'-^lh^'+  4c.  (8) 

l^(^Y=ix^^:^s^^+jrht«^'-T^^  4c.   (9) 

ForA;=lt, 
f^=ix^-^'+7h^'-in^nfl^'+  4c.         (10) 
l-(^)*=*«»-iAr«*+TiVTT«'-^T+ir%«'+&c.  (11) 

^\       becomes    sufficiently 
small  as  there  is  no  need  of  great  precision  in  these  calcula- 

o") 

corresponding  to  x=  11,  a;=l-2,  x=l-8,  &c.,  by  means  of  dif- 
ferences taken  from  the  differential  co-efficiente  at  the  middle  of 
each  increment  of  x,  and  for  the  same  reason  have  thought  it 
sufficient  to  begin  with  a;=l,  in  equations  (8)  and  (9)  or  (10) 

and  (11).    After  arriving  at  a  sufficiently  small  value  of  ^-j 

the  calculation  is  finished  by  aid  of  the  following  approximate 
equations  also  derived  by  integration  fron  (6)  and  (7). 

^'liu=  ^  ^'_aj'  {x'-x)         (1+X)  (12) 

(^^)(2ft^-8&+2)     i^  ^-'"^^  '^*"^  (13) 

^    A(2A?— l)(3ft-2)     ^       ^  ^  '  ^     ' 

In  these  equations  a/  and  f*'  are  the  values  of  x  and  ^  corres- 
ponding to— =0,  or  the  upper  limit  of  the  supposed  solar 
atmosphere,  and 
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X=' 


■(A:-1)(2A:-1)    a;'     +2(A?-l)2(3A?-2)  ""^^^      +  *^- 

X._l  — l  +  Jk-l     3— jk_i  l+»-i 


2A?(2X;— iy 

With  the  values  of  a/  and  ^'  determined,  using  /  and  mf  to 
express  in  like  manner  the  corresponding  values  of  r  and  m  at 
the  upper  limit  of  the  theoretical  atmosphere,  we  find  fix)m 
equations  (4)  and  (6) 

'»-  AJJfaj'^  ' 

and  by  equation  (1),  at^^^-^^"^(^^^^^  (15) 

A  glance  at  equation  (7)  will  show  that  -^—7 — -,  equation 

^'  /— r  /  Q  \*~^ 

(13),  or  -7  — -  may  be  taken  equal  to  1—1       throughout  the 

considerable  upper  part  of  the  volume  of  the  hypothetic  gas- 

eous  body  in  which  1 — ?,  or  1 ,,  is  sufficiently  small  to  be 

neglected.     This  substitution  in  the  last  equation  gives 

1  1 

and  also  ^^W)      ^^  \~}       ^^^^7* 


4«^  *  r'3^ 

Now  the  mechanical  equivalent  of  the  heat  in  the  mass  ?  of  a 
cubic  unit  in  volume  of  any  perfect  gas  whose  atmospheric 

subtangent  is  c^^  is  ^-^  q-at^  and  the  mechanical  equivalent  of 

the  heat  that  it  would  give  out,  in  being  cooled  down  under 

constant  pressure  to  absolute  zero,  is  t —  ^  -(^    If  the  density 

q  is  taken  in  units  of  the  density  of  water,  and  the  unit  of 
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length  be  the  foot,  this  expression  is  multiplied  by  62^  to  give 
for  the  mechanical  equivalent  in  foot  pounds 

J-         _-L  J_ 

e2i_rc^=^/  ^        -wry—')  (1^) 

The  mechanical  equivalent  t^  Q'<^t^  of  the  heat  in  the  mass 

^,  viewed  in  the  light  of  Clausius'  mechanical  theory  of  the 
gases,  includes  the  motions  of  the  separate  atoms  of  each  sup- 
posed compound  molecule  relatively  to  each  other,  as  well  as 
the  motion  of  translation  which  each  compound  molecule 
makes  in  a  straight  path  through  free  space  till  it  impinges 
upon  another  compound  molecule.  K  we  wish  to  find  the 
mechanical  equivalent  which  would  be  due  to  this  motion  of 

translation  alone,  we  must  put  A=lf  in  the  factor  v^   by 

which  ^'(Tt  ia  multiplied,  and  this  gives  ^'(ft.  To  find  from 
this  the  mean  of  the  squares  of  the  velocities  of  translation  of 
the  compound  molecules,  we  divide  by  the  mass  ?,  and,  if  the 
foot  be  the  unit  of  length,  multiplv  by  64*3,  whence  we  have 
for  the  velocity  found  by  taking  the  square  root  of  this  mean 
of  the  squares 

Determination  of  the  curve  of  density  for  4=1 '4 — Beginning 
with  a;  =  1,  in  equations  (8)  and  (9),  we  find  f*  =  -2626  and 

(— j  ='8520.  Developing  the  values  of  f*  and  (— j  for  «= 
ll,  x=L'2j  &C.,  by  means  of  differences  we  arrive  at  the  values 

jM=2145  and  (^\    =  1878  when  ic=4-0.     Putting  these  values 

into  equations  (12)  and  (18)  we  find 

a/  =  5-856,    A*' =  2188. 
If  we  now  allow  j\d  of  the  radius  of  the  photosphere,  or  about 
20,000  miles,  for  the  height  of  the  theoretic  upper  limit  of  the 
solar  atmosphere  above  the  photosphere,  and  if  we  take  the 
mean  specific  gravity  of  the  earth's  mass  at  5i,  and  the  mean 

rific  gravity  of  the  sun  within  the  photosphere  at  J  that  of 
earth,  as  it  is  known  to  be,  these  values  of  cc'  and  ^'  give 
us  in  equation  (14) 

^0  =  28-16, 

so  that  the  density  of  the  sun's  mass  at  the  center  would  be 
nearly  one-third  greater  than  that  of  the  metal  platinum. 

Ourve  of  densiti/ for  i:=lf. — For  this  value  of  k  the  numerical 
coefl&cients  in  equations  (8)  and  (9)  are  replaced  by  those  in  (10) 
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and  (11).     Otherwise,  the  same  process  employed  with  the  value 

k  =  1-4,  gives,  starting  with  cr  =  1,  ^  =  -2875  and  (-)    =  -8452, 
and  developing  for  a;=l-l,  cc=l-2,  &c.,  brings  ns  to  fi=2'567 

and  (—1  ^1591,  for  x=8'0,  and  finally  gives  us 

0^=8-656,  iu'=2-741, 
and  if  we  now  assume  the  same  height  as  before  for  the  theo- 
retic upper  limit  of  the  sun's  atmosphere,  instead  of  fo=2816, 
we  find 

^0=7-11. 
The  new  curve  of  density  is  found  in  the  same  way  as  the 
first,  and  is  presented  to  the  eye  in  the  diagram  in  comparison 
with  it  In  the  upper  part  of  both  curves  the  scale  of  aensity 
is  increased  ten  fold,  and  it  is,  in  part  only,  evident  to  the  eye 
how  immensely  different,  for  the  two  values  of  i,  becomes  tne 
density  in  the  upper  parts  of  the  sun*s  mass.  It  appears  to  the 
eye  only  in  part  because  the  ratio  of  the  two  densities  multi- 
plies itself  rapidly  in  approaching  the  upper  limit  of  the  at- 
mosphere. 

Tne  above  was  communicated  in  writing  as  here  given,  to  the 
Academy  at  its  late  session.*  The  draft  of  the  foUowing,  and 
a  part  oi  the  details  of  its  substance,  have  been  prepared  sinca 

Equation  (20)  gives  in  feet  the  square  root  of  the  mean  square 
of  velocity  of  translation  of  molecules  (8'02V}ae).  At  the 
sun's  center  we  find  this  would  be  881  miles  per  second  for  the 
curve  of  density  corresponding  to  i=lf,  and  880  miles  per 
second  for  the  curve  of  density  corresponding  to  ^=1*4. 

In  1888  Pouillet,  following  the  law  of  heat  radiation  given 
by  Dulong  and  Petit,  estimated  the  temperature  of  the  nidiat- 
ing  surfiwe  of  the  sun,  fix)m  observations  by  himsdf  of  the 
quantity  of  heat  it  emits,  at  firom  1461**  C.  to  1761"*  C.  Herschel, 
n*om  Pouillet's  observations,  and  his  own  made  at  the  Cape  of 
Good  Hope  about  the  same  time,  adopts,  after  allowing  one- 
third  for  the  absorption  of  our  atmosphere,  forty  feet  as  the 
thickness  of  ice  that  would  be  melted  per  minute  at  the  sun's  sur- 

*  I  desire  here  to  state  that  the  fannulfiB  which  show  the  relation  between  the 
temperature,  the  pressore,  the  density,  and  the  depth  below  the  upper  limit  of  the 
atmosphere,  so  far  as  thej  apply  to  the  upper  part  of  the  snn*s  body,  were  inde- 
pendently pointed  out  by  Prof.  Peiroe,  in  a  very  interesting  paper  which  that  dis- 
tinguished ph^dst  read  before  the  Academy  at  the  same  session,  and  prior  to 
the  presentation  of  this  paper.  Also  to  recaD  a  finot  whidi  I  first  leaned  firom 
Prof.  Peiroe's  mention  of  it  to  the  Academy,  viz.  that  Prof.  Henry  l<mg  ago  threw 
out  the  idea  of  the  atmospheric  condition  to  which  Prof  Thomson  has  more  recently 
given  the  term  conyective  equilibrium,  viz.,  such  that  any  portion  of  tiie  air,  on 
being  conveyed  into  any  new  layer  above  or  below,  would  find  itself  reduced,  by 
its  expansion  or  compression,  to  the  temperature  of  the  new  layer. 
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faca  The  temperature  of  the  radiating  surface  calculated 
fix)m  this  datum  by  the  formula  of  Dulong  and  Petit,  and 
with  the  co-efi&cient  of  radiation  found  by  Frofi  "W.  Hopkins 
for  sandstone,  the  smallest  co-efficient  he  found,  is  1550®  0.  or 
2820**  Fah.  But  then  the  solar  radiation  is  many  thousands 
of  times  greater  than  the  greatest  in  Dulong  and  Petit's  experi- 
ments, so  that  these  calculations  of  the  temperature  of  the  sun^s 
photosphere  have  little  weight  notwithstanding  the  simplicity 
and  accuracy  with  which  the  formula  represents  the  experiments 
Scorn  which  it  was  derived.  Nothing  authorizes  us  to  accept 
the  formula  as  more  than  an  empiric^  ona  It  seems  desirable 
that  experiments  similar  to  those  of  Dulong  and  Petit  should 
be  made  on  the  rate  of  cooling  of  intensely  heated  bodies,  such 
as  balls  of  platinum  not  too  lai^  By  placing  the  heated  ball 
in  the  center  of  a  hollow  spherical  jacket  of  water,  either  flow- 
ing or  in  an  unchanged  mass,  the  quantities  of  heat  radiated  in 
successive  equal  spaces  of  time  will  be  determined,  and  the 
corresponding  differences  of  temperature  in  the  heated  baD  can 
at  least  be  estimated  with  whatever  probability  we  may  rely 
on  our  knowledge  of  the  specific  heat  of  its  material  At 
present  the  best  means  we  have  of  forming  any  judgment  of 
the  probable  temperature  of  the  source  of  the  sun's  radiation, 
is  perhaps  to  be  found  in  a  comparison  between  the  effects  of 
the  hydro-oxygen  blowpipe,  and  the  recorded  effects  of  Parker's 
^reat  burning  lens.  1  am  not  aware  that  this  method  has 
before  been  resorted  to. 

If  the  angle  of  aperture  at  the  focus  of  a  burning  lens,  or 
combination  of  lenses,  be  called  2a,  the  radiation  received  by  a 
small  flat  surface  at  the  focus  will  be  sin'o,  if  a  unit  be  taken 
to  represent  the  radiation  the  same  small  flat  surfisu^e  would 
receive  iust  at  the  sun's  sur&oe.  Parker's  lens,  with  the  small 
lens  added,  had,  at  the  focus  so  formed,  an  angle  of  aperture  of 
about  47^  A  small  flat  surfoce  at  its  focus  would  therefore 
receive  about  one-sixth  the  radiation  that  it  would  just  at  the 
sun,  making  no  allowance  for  absorption  by  the  atmospheres  of 
the  earth  and  sun  and  rays  lost  in  transmission  through  the 
lenses.  Pouillet,  fix)m  the  experiments  already  alluded  to 
made  by  himself,  found  his  atmosphere  in  flne  weather  trans- 
mitted, of  the  sun's  heat  rays,  about  the  fraction  J  raised  to  a 
power  whose  exponent  is  the  secant  of  the  sun's  zenith  distance. 
This,  of  course,  leaves  out  of  view  the  heat  rays  of  low  inten- 
sity which  are  totally  absorbed  by  tiie  atmosphere.  He  also 
concluded  fix>m  comparison  with  other  experiments  of  his 
own  with  a  moderately  large  burning  glass,  that  that  glass 
transmitted  |  of  the  heat  rays  incident  on  it  If  we  assume 
the  same  fraction  for  each  of  the  two  lenses  of  Parker^s  com- 
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bination,  and  assume  ftirther  that  the  sun's  zenith  distance  did 
not  exceed  48^  in  the  experiments  made  with  it,  we  find  for  the 
fractional  multiplier  expressing  the  ^art  of  the  sun's  heat  radia- 
tion which  arrived  at  the  focus  unintercepted,  (f)^"(J)'='55. 
Hence  the  radiation  actually  received  by  a  smaU  flat  siu&ce  at 
the  focus  was  -09,  or  about  one-eleventh,  of  what  it  would 
receive  ^ust  at  the  sim.  The  heat  so  received  by  any  body  so 
placed  m  the  focus,  must,  after  the  body  has  acquired  its 
highest  temperature,  be  emitted  from  it  at  the  same  rate.  The 
heat  so  enutted  will  consist :  first,  of  heat  radiated  into  that 
part  of  space  toward  which  the  radiating  surface  of  the  body 
looks;  secondly,  of  heat  carried  of  by  convection  of  the  air; 
thirdly,  of  heat  conducted  away  by  tne  body  supporting  the 
body  subjected  to  experiment ;  fourthly,  of  neat  rays,  if  any, 
reflected,  and  not  absorbed,  by  the  boay  subjected  to  experi- 
ment Assuming  it  as  a  reasonable  conjecture  that  fiill  naif 
of  all  this*  consists  of  heat  radiated  into  the  single  hemisphere 
looking  upon  a  flat  surface,  we  may  conclude  that  the  body,  at 
its  highest  acquired  temperature,  radiated  not  less  than  ^V^h  as 
much  heat  as  is  radiated  by  an  equal  extent  of  sur&ce  of  the 
sun's  photosphere,  over  and  above  such  part  of  that  radiation 
as  may  be  intercepted  by  the  sun's  atmosphere,  and  sudi  rays 
of  low  intensity  as  are  totally  absorbed  by  our  own  atmosphere, 
the  whole  of  which  apparently  cannot  be  great  No  allowance 
seems  necessary  for  the  chromatic  and  spnerical  dispersion  of 
the  lenses,  since  the  diameter  of  the  focus  is  stated  at  half  an 
inch,  while  the  true  diameter  of  the  sun's  image  would  be  not 
less  than  one-third  of  an  inch. 

Now  we  are  not  without  the  means  of  forming  a  probable 
approximate  estimate  of  this  temperature  at  which  the  radiation 
becomes  ^V^h,  more  or  less,  of  that  of  the  sun's  photosphere. 
We  are  told  that  in  the  focus  of  Parker's  comipound  lens  10 
grains  of  very  p\ire  lime  ("  white  rhomboidal  spar  )  were  melted 
m  60  seconds.  We  may  presume  that  in  that  length  of  time 
the  temperature  of  the  mne,  aft^er  parting  with  its  carbonic 
acid,  made  a  near  approximation  to  the  maximum  at  which 
it  would  be  stationary,  a  presumption  confirmed  by  the  period 
of  75  seconds  said  to  have  been  occupied  in  the  fusion  of  10 
CTains  of  camelian,  and  by  the  considerable  period  of  46  seconds 
for  the  fusion  of  a  topaz  of  only  8  grains,  and  25  seconds  for 
an  oriental  emerald  of  but  2  grains,  and  in  &ct  sufi&ciently 

*  As  to  the  heat  carried  off  by  oonyeotion  of  the  air,  if  itB  quantity  be  calcu- 
lated by  the  fOTmula  glTen  by  Dnloqg  and  Petit  ibr  that  pomae,  it  ocmea  out 
utterly  indgniflcant  In  comparison  with  the  heat  received  htm  m  buniiDg  gjaaa. 
The  CQi^eotural  allowanoe  of  fths  in  aU,  of  thiS)  ia  likely,  therefore,  to  be  mudi 
too  la^ge.  Not  mudi  reliance,  indeed,  can  be  placed  upon  the  fcvmula  here  men- 
tioned, at  such  a  temperature  aa  4000®  Fah.,  yet,  as  by  it  the  convection  ia  taken 
proportional  to  the  1*233  power  of  the  difference  of  temperature,  it  aeems  nnlikttlj 
that  it  givea  a  quantity  very  many  fold  leas  tiian  the  truth. 
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proved,  it  would  seem,  by  observing  that  the  heat  we  have 
estimated  to  fidl  at  the  focus,  upon  a  flat  surface,  would  suffice, 
if  retained,  to  raise  the  temperature  of  a  quarter  of  an  inch 
thick  of  lime  4000^  Fah.  in  6  seconda  I^  then,  we  may  take 
the  temperature  maintained  at  the  focus  of  Parker's  lens  to 
have  been  at  the  melting  point  of  lime,  we  may  conclude  that 
it  is  also  not  &i  fix)m  the  temperature  given  by  the  hydro-oxygen 
blowpipe.  Dr.  Hare,  who  was  the  fiist  inventor  of  this  instru- 
ment, and  the  discoverer  of  its  great  power,  melted  down,  by 
its  means,  in  partial  fusion,  a  very  small  stick  of  lime  cut  on  a 
lump  of  that  material,  which  we  understand  to  have  been  a 
very  pure  specimen.  Burning  glass  and  blowpipe  seem  each 
to  nave  been  near  the  limit  of  its  power  in  this  apparently 
conmion  effect  But  Deville  found  the  temperature  produced 
by  the  combination  of  hydrogen  and  oxygen  under  the  atmos- 
pheric pressure  to  be  2600^  dent  As  tne  lime  in  the  heated 
blast  would  radiate  rapidly,  its  temperature  must  have  been 
lower  than  that  of  comoin^  hydrogen  and  oxygen,  and  I  have 
called  it  2220*"  Cent  or  4000'*  Fah. 

The  formula  of  Dulong  and  Petit,  with  the  co-efficient  found 
by  Hopkins,  as  abready  mentioned,  gives  for  the  quantity  of 
heat  radiated  in  one  minute  by  a  square  foot  of  surface  of  a 
body  whose  temperature  is  0+t  centigrade,  into  a  chamber 
whose  temperature  is  0  centigrade,  when  expr^sed  with  ike 
unit  employed  by  Hopkins, 

8-877  (1-0077/  [(l-0077)'-l]. 

It  will  be  convenient,  and,  in  the  discussion  of  the  high  tem- 
peratures with  which  we  are  concerned,  will  involve  no  sensible 
error,  to  use  the  hypothesis  that  the  space  around  the  radiating 
body  is  at  the  temperature  of  0**  0.  and  the  formula  for  the 
radiation  then  becomes, 

8-877  [(1  •0077)^-1].  (21) 

The  unit  used  by  Hopkins,  in  the  formula  here  given,  is  the 
quantity  of  heat  that  will  raise  the  temperature  of  1000  grains 
of  water  1^  centigrada  Expressed  by  the  same  unit,  the 
quantity  adopted  by  Sir  J.  Herschel  as  the  amount  of  the  sun's 
radiation,  viz.  that  which  would  melt  40  feet  thick  of  ice  in  a 
minute  (at  the  sun's  surface),  is  1,280,000.  The  ^Vth  of  this, 
or  64,000,  expresses,  therefore,  the  quantity  which  we  have 
estimated  the  lime  under  Parker's  lens  to  nave  radiated,  per 
square  foot  of  its  surface,  at  its  estimated  temperature  of  4000^ 
¥six.  If  now  we  calculate  its  temperature  by  the  above  formula, 
firom  the  estimated  radiation,  the  result  is  1166^  Cent  or  2180^ 
FaL  This  is  manifestly  much  below  the  real  temperature, 
and  so  fEur  below  that  there  can  be  no  doubt  the  formula  of 
Dulong  and  Petit  has  fsdled  at  the  melting  point  of  lima    If 
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instead  of  the  co-efficient  8*877  we  had  used  tie  larger  co-effi- 
cient 12*808  "which  Hopkins  gives  for  unpolished  limestone,  the 
formula  would  have  been  reduced  only  68**  Cent  It  best  suits 
the  direction  of  our  inqidry  to  use  the  smallest  co-efficient  which 
Hopkins'  experiments  gave,  since  we  aie  seeking  the  highe$t 
temperature  which  can  be  plausibly  deduced  from  the  sun's 
radiation.  For  ease  of  expression,  the  curve  which  we  will 
imagine  for  representing  the  actual  relation  of  radiation  to 
temperature,  the  horizontal  ordinate  standing  for  the  tempera- 
ture and  the  vertical  ordinate  for  the  radiation  corresponding 
thereto,  may  be  called  the  curve  of  radiation.  The  course  of 
this  curve  from  the  freezing  point  of  water  to  a  point  somewhat 
below  the  boiling  point  of  mercury  is  correctly  marked  out  to 
us  by  the  formula.  Beyond  tliat  we  have  but  the  rough 
approximation  which  we  can  get  by  means  of  the  above  com- 
parison, to  the  single  point  of  the  curve  where  the  radiation  is 
,Vth  that  of  the  sun's  photosphere.  The  attempt,  from  these 
data,  to  extend  the  curve  till  it  reaches  the  fiill  radiation 
of  that  photosphere,  must  be  mainly  conjecturaL  As  a 
basis  for  the  most  plausible  conjecture  I  am  able  to  make 
let  us  assume :  first,  that  the  upward  concavi^  of  the  curve  of 
radiation,  which  increases  very  rapidly  with  the  temperature  as 
&r  as  the  curve  follows  the  formula  of  Dulon^  and  Petit,  is  at 
no  temperature  greater  than  that  formula  woiud  five  it  at  the 
same  temperature;  secondly,  that  the  curve  of  radiation  is 
nowhere  convex  upward.  If,  then,  we  set  out  from  diese  two 
coniectural  assumptions— of  the  degree  of  probability  of  which 
eacn  one  must  form  his  own  impression — ^tne  greatest  tempera- 
ture the  sun's  photosphere  could  have  consistently  with  the 
radiation  of  64,000  at  the  temperature  of  4000**  Fah.,  is  foimd  by 
drawing  through  the  point  representing  that  radiation  and  that 
temperature  a  straight  line  tangent  to  the  curve  of  the  formula. 
The  line  so  drawn  would  cross  the  real  curve  of  radiation  in  a 
greater  or  less  angle  at  the  radiation  of  64,000  and  t^npera- 
ture  of  4000^  Fah.,  and  at  higher  temperatures  would  fidl  more 
or  less  helow  that  curve,  and  its  intersection  with  the  sun's 
radiation  of  1,280,000  would  be  at  a  temperature  greater  than 
that  of  the  curve,  that  is  to  say,  greater  than  the  tempera- 
ture of  the  sun's  photosphere.  This  greater  temp«*atare  is 
55,450**  Fah. 

A  different  train  of  coniecture  led  me  at  first  to  assume  a 
temprature  of  54,000°  Fan.,  and  this  last  number  I  will  here 
retain  since  it  has  been  already  used  as  the  basis  of  some  of 
the  calculations  we  now  proceed  to  give.  It  must  be  here 
recollected  that  we  are  discussing  the  question  of  chuda  of 
soUd  or  at  least  jluid  particles  floating  in  non-radiant  gas,  and 
oonstituting  the  su&'a  photosphere.    K  the  amount  of  radiaii&n 
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6.  fc^ 

ExplanaHon.—A'ni.,  Assumed  tlieoretic  upper  limit  of  atmosphere ;  Phot..  Pho- 
tosphere; C.T.K=lf,  Arbitrary  Curve  of  temperature  for  A:=l|^;  C.T.K.=1  4, 
Arbitzaiy  Curve  of  temperature  forX;=l'4;  C.D.K.=1'4,  Absolute  Curve  of  density 
for  ksmiA;  aD.K.=sl|,  Absolute  density  for  k=ll. 
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would  lead  us  to  limit  the  temperature  of  such  clouds  of  solids 
or  fluids,  so  also  it  seems  diflicult  to  credit  the  eoctstence  in  the 
solid  or  fluid  form,  at  a  higher  temperature  than  54,000®  Fah. 
of  any  substance  that  we  know  of 

K  then  we  suppose  a  temperature  of  54,000**  FaL,  what  would 
he  the  density  of  that  layer  of  the  hypothetic  gaseous  body 
which  has  that  temperature,  and  what  length  of  tune  would  lie 
required,  at  the  observed  rate  of  solar  radiation,  for  the  emis- 
sion ol  all  the  heat  that  a  foot  thick  of  that  layer  would  give 
out  in  cooling  down  under  pressure  to  absolute  zero?  The 
latter  question  depends  on  the  mechanical  equivalent  of  this 
heat  for  a  cubic  foot  of  the  layer  of  gas,  and  the  two  questions, 
together  with  that  of  the  depth  at  which  the  layer  would  be 
situated  below  the  theoretic  upper  limit  of  the  atmosphere,  are 
answered  by  equations  (17),  (18),  and  (19),  provided  we  knew 
the  value  of  k  and  the  value  of  <r  in  the  body  of  gaa  The  less 
the  atomic  weight  of  the  gas  the  greater  the  value  of  a,  and 
the  greater  the  density  of  the  layer  of  54000®  Fah.  and  the 
greater  the  quantity  of  heat  which  a  cubic  foot  of  it  would 
give  out  in  cooling  down.  I  therefore  base  the  first  calculation 
on  hydrogen  as  it  is  known  to  us.  The  value  of  o^  is  in  that 
case  about  800  feet,  and  the  value  of  k  about  1*4,  nearly  the 
same  as  in  common  air.  These  values  would  give  for  the 
layer  of  54000®  Fah.  a  specific  gravity  about  -00000095  that 
of  water,  or  about  one  90th  that  of  hydrogen  gas  at  common 
temperature  and  pressure,  and  the  mechanical  equivalent  of  the 
heat  that  a  cubic  foot  of  the  layer  would  give  out  in  cooling 
down  under  pressure  to  absolute  zero  would  be  only  about 
9000  foot  pounds,  whereas  the  mechanical  equivalent  of  the 
heat  radiated  by  one  square  foot  of  the  sun's  surface  in  one 
minute  is  about  254,000,000  foot  pounds.  The  heat  emitted 
each  minute  would,  therefore;  be  fully  half  of  all  that  a  layer 
ten  miles  thick  would  give  out  in  cooling  down  to  zero,  and  a 
circulation  that  would  dispose  of  volumes  of  cooled  atmosphere 
at  such  a  rate  seems  inconceivable. 

It  may  possibly  appear  to  some  minds  that  the  difficulty 
presented  by  this  aspect  of  the  case  will  vanish  if  we  suppose 
the  photosphere,  or  its  cloudy  particles,  to  be  maintained  by 
radiation  at  a  temperature  to  almost  any  extent  lower  than  that 
of  convective  equilibrium.  This  would  enable  us  to  place  the 
theater  of  operations  in  a  lower  and  denser  layer  of  atmos- 
phere, but  the  supposition  seems  to  me  difficult  to  realize 
unless,  as  the  hot  gases  rise  fix)m  beneath,  precipitation  could 
commence  at  a  temperature  many  times  higher  than  the  54000® 
Fah.  which  we  have  estimated  mr  the  upper  visible  surface  of 
the  clouds,  and  this,  as  before  intimateo,  seems  to  me  itself 
extremely  improbable. 
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I  may  mention  here  that  my  friend  Dr.  Craig,  in  an  unpub- 
lished paper,  following  the  hint  thrown  out  by  Frankland,  is 
disposed  to  &yor  the  idea  that  the  sun's  radiation  may  be  the 
ramation  of  hot  gases  instead  of  clouds.  At  present  I  shall 
offer  no  opinion  on  that  point  one  way  or  the  other,  but  will 
only  state  it  as  my  impression  that  if  the  theory  of  precipitated 
clouds,  as  above  presented,  is  the  true  one,  something  quite 
unlike  our  present  experimental  knowledge,  or  at  least  much 
beyond  it,  is  needed  to  make  it  intelligible. 

The  first  hypothesis  which  offers  itself  in  an  attempt  to 
make  the  theory  rational  is  suggested  by  one  point  in  Clausius' 
theory  of  the  constitution  or  the  gases,  already  alluded  ta 
In  forming  his  theory  Clausius  found  that  the  mown  specific 
heats  of  the  gases  are  all  much  too  great  for  firee  simple  atoms 
impin^in^  on  one  another,  and  he  therefore  introduced  the 
hypomesis  of  compound  molecules,  each  compound  molecule 
bemg  a  system  of  atoms  oscillating  among  each  other  under 
forces  of  mutual  attraction.  Now  if  this  were  accepted  as  the 
actual  constitution  of  the  gases  it  is  of  course  easy  enough  to 
conceive  that  in  the  fierce  collisions  of  these  compound  mole- 
cules with  each  other  at  the  temperatures  supposed  to  exist  in 
the  sun's  body,  Iheir  component  atoms  might  be  torn  asunder, 
and  might  thenceforth  move  as  free  simple  molecules.  In  this 
case,  stall  retaining  the  hypothesis  of  Clausius'  theory,  that  the 
average  length  of  the  patn  described  by  each  between  collisions 
is  lai^  compared  witn  the  diameter  of  the  sphere  of  effective 
attraction  or  repulsion  of  atom  for  atom,  the  value  of  k  would 
reach  its  maximum  of  If.     Experiment  has  not  shown  us  any 

Sits  in  this  condition,  and  for  the  present  it  is  hypothetical 
ven  in  hydrogen  the  value  of  k  does  not  materially,  if  any, 
exceed  the  value  of  14  which  it  has  in  air.  But  if  it  were 
found  that  the  hydrogen  molecule  is  compound,  and  that  in 
the  body  of  the  sun  the  heat  splits  this  molecule  into  two  equal 
simple  atoms,  and  in  &ct  that  all  the  matter  in  the  sun's  body 
is  split  into  simple  fi*ee  atoms  equally  as  small,  then,  while  the 
value  of  k  would  be  If,  the  value  of  a  would  be  about  1600 
feet  If  with  these  values  we  repeat  the  calculation  of  the 
density  of  the  layer  of  54000®  Fan.  we  find  its  specific  gravity 
to  be  0-000363  of  that  of  water,  or  4-35  times  that  of  hydrogen 
ffas  at  common  temperature  and  pressure  and  in  its  known  con- 
dition, or  S"?  times  that  which  the  hydrogen  in  the  hypothetic 
condition  would  have  if  it  retained  that  condition  at  common 
temperature  and  pressure.  We  find  also  that  the  mechanical 
ec[uivalent  of  all  the  heat  that  a  cubic  foot  of  the  layer  wo\ild 
give  out  in  cooling  down,  under  pressure,  to  zero,  would  be  no 
less  than  13,500,0W)  foot  pounda  Instead,  therefore,  of  a  layer 
ten  miles  thick,  it  would  now  require  only  a  thickness  of  38  leet 
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to  give  out,  in  cooling  down  to  zero,  twioe  the  heat  emitted  by 
the  sun  in  one  minuta  It  will  be  seen^  (equations  (17)  and  (19)), 
that  this  thickness,  retaining  the  constant  value  i=lf,  would 
diminish  with  the  2  J  power  of  the  masses  of  the  atoms  into 
which  the  sun's  body  is  hypothetically  resolved  (the  reciprocal 
of  the  value  of  a),  and  I  leave  each  to  form  his  own  impression 
how  far  this  view  leads  towards  verisimilitude. 

It  is  important  to  add  that  the  depth  of  the  layer  of  54000® 
Fah.  below  the  theoretic  upper  limit  of  atmosphere,  when  cal- 
culated with  value  4=1*4,  <^=800  feet,  comes  out  only  1107 
miles,  and  with  the  values  A=lf  and  a=1600  feet  only  1681 
miles.  This  calculation  of  the  depth,  unlike  the  other  results 
above,  may  be  said  to  be  independent  of  the  question  of  the 
constitution  of  the  sxm's  interior  mass.  It  is  alike  difficult,  on 
any  plausible  hvpothesis,  to  reconcile  a  tOTiperature  no  higher 
than  54000°  FaL  with  any  perceptible  atmosphere  extending 
manv  thousand  miles  above,  and  yet  no  less  an  authority  than 
Prof  Peirce  has  assigned  a  hundred  thousand  miles  as  the 
height  of  the  solar  atmosphere  above  the  photosphere,  at  the 
same  time,  however,  pointing  out  the  enormous  temperature 
which,  under  convective  equflibrium,  this  would  imply  at  the 
level  of  the  photosphera  But  all  are  not  yet  agreed  that  the 
appearances  seen  at  such  distances  &om  tne  sun  are  proof  of 
the  existence  of  a  true  atmosphere  thera  It  will  be  seen  that 
the  numbers  I  give  above  were  obtained  fix)m  a  first  hypothesis 
of  an  atmospheric  limit  20,000  miles  above  the  photosphere, 
but  for  the  purpose  of  this  paper  it  is  of  no  consequence  to 
repeat  the  calculation  from  a  oinerent  limit 

it  is,  I  believe,  recognized  on  theoretical  grounds  that  in  an 
atmosphere  containing  a  mixture  of  gases  of  unequal  density 
the  lighter  gases  might  be  expected  to  diffuse  in  greater  propor- 
tion into  the  higher  parts  of  the  atmosphere  and  the  neavier 
gases  into  the  lower  parts.  But  perhaps  the  supposed  circula- 
tion which  the  emission  of  heat  maintains  witnm  the  photo- 
sphere must  renew  mixture  at  a  rate  sufficient  to  mask  the  rate 
which  theory  would  assim  for  diffusion^  I  have  not  attempted 
a  theoretic  comparison  between  these  two  tendencea  It  will 
suffice  here  to  repeat  that  the  above  numerical  results,  so  fer  as 
they  may  be  thought  to  give  countenance  to  the  theory  in  its 
mechanical  aspect,  require  that  the  entire  inner  mass  of  the  sun 
shall  have,  at  a  m^m,  (in  the  supposed  state  of  dissociation), 
the  very  small  atomic  weight  specmed.  We  may  notice  in  this 
connection  the  uniform  proportion  of  oxygen  and  nitrogen  sases 
in  our  atmosphere  at  the  height  of  four  miles  or  more  at  wnich 
the  analysis  nas  been  mada  Without  having  gone  into  a  criti- 
cal examination  of  the  question,  I  suppose  uiat  at  that  height 
the  proportion  of  oxygen  which  the  tneory  of  diflfiisive  equili- 
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brium  would  assi^  is  notably  diminished,  and  that  it  wonld  be 
found  that  the  circulation  of  the  air  is  sufficiently  active  to 
mask  the  theoretic  rate  of  diffusion. 

The  second  hypothesis  which  mi^ht  offer  itself  in  an  att^npt 
to  m^e  the  theory  rational,  but  wnich  a  very  little  reflection 
is,  I  think,  sufficient  to  set  aside,  is  that  which  would  modify 
Clausius'  theory  of  the  gases  by  assimiing  that  in  the  sun^ 
body  the  average  length  of  the  excursion  made  by  each  mole- 
cule between  two  consecutive  collisions,  becomes  very  short 
compared  with  the  radius  of  the  sphere  of  repulsion  of  mole- 
cule for  molecule,  and  with  the  average  distance  of  their  centers 
at  nearest  approach.  This  way  of  harmonizing  the  actual 
volume  of  the  sun  with  such  a  temperature  as  54000^  Fah.  in 
the  photosphere,  and  with  the  smallest  density  which  we  can 
credit  in  the  photosphere,  would  involve  the  consequence  that 
the  existing  density  of  almost  the  entire  mass  of  the  sxm  is 
very  nearly  uniform  and  at  its  maximum  possible,  or  at  all 
events  that  any  ftirther  sensible  amount  of  collapse  must  be 
productive  of  but  a  very  small  amount,  comparatively,  of 
renewed  supplies  of  heat,  for  the  obvious  reason  that  this 
hyphothesis  carries  with  it  almost  the  entire  neutralization  of  the 
force  of  gravity  by  the  forces  of  molecular  repulsion.  In  like  man- 
ner it  involves  the  consequence  that  in  any  such  small  contrac- 
tion of  the  photosphere  as  can  have  taken  place  within  the 
history  of  total  eclipses,  it  is  but  a  very  small  fraction  of  the 
sun's  mass,  near  its  suiface,  that  can  have  taken  part  in  the 
collapse  to  any  thing  like  a  proportionate  extent  Hence  it 
also  extremely  restricts  the  penod  during  which  we  could 
suppose  the  sun  to  have  existed  under  anything  like  its  present 
visible  magnitude  in  the  past,  consistently  with  the  proauction 
in  the  way  supposed  of  the  supplies  of  heat  it  has  been  sending 
out  Another  thing  involved  in  this  second  iypothesis  is  the 
fact  which  Prof  Peirce  has  pointed  out  to  the  Academy,  viz. : 
that  the  existing  molecular  repulsion  in  the  sun's  body  would 
immensely  exceed  such  as  would  be  indicated  by  the  modulus 
of  elasticity  of  any  form  of  matter  known  to  ua 

In  conclusion,  I  do  not  mean  to  say  that  there  is  any  invinci- 
ble logical  exclusion  of  any  law  of  the  action  of  gases  different 
from  what  is  specified  or  alluded  to  above.  I  only  mean  that, 
so  far  as  I  can  see,  any  theory  of  heat  which  is  based  simply 
and  solely  upon  mokculoiir  attraction  and  repulsion  dependent  on 
molecular  oistance  alone,  cannot  in  its  appUcation  to  the  sun, 
escape  from  the  conditions  indicated  in  this  paper.  It  is  cer- 
tainly not  absurd  to  imagine  heat  to  be  an  agent  of  some  kind 
so  constituted  that  it  cannot  be  thus  represented  by  the  sole 
conditions  of  motion  and  of  molecular  attraction  and  repulsion, 
but  yet  so  constituted  that  in  its  effects  upon  matter  it  follows 
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the  conditioiis  of  meclianical  equivalency  as  defined  by  JouIcl 
In  fact,  such  exceptional  cases  as  the  expansion  of  water  in 
freezing  seem  to  favor  such  a  view,  thongn  the  range  of  th^t 
phenomenon  is  very  limited.  One  way  of  forming  a  mechani- 
cal representation  of  such  a  constitution  would  be  by  associat- 
ing molecular  motion  with  the  mechanical  powers,  either  with 
or  without  molecular  attraction  or  repulsion;  the  manner  in 
which  the  imagined  mechanical  power  (or  link^  attaches  itself 
to  the  molecules  which  it  connects — so  as  to  mafce  their  motion 
determine  their  mutual  approach  or  recession  or  change  of 
relative  direction — ^being  dependent  on  the  existing  motions 
and  other  conditions  in  such  a  way  as  to  produce  the  observed 
phenomena.  The  possibility  of  such  a  mechanical  representation 
IS  sufficient  to  show  that  such  a  supposed  constitation  is  not 
logically  excluded,  but  to  accept  such  a  mechanical  representation 
as  a  physical  hct  is  quite  another  matter,  and,  as  it  seems  to  me, 
a  very  difflcxdt  one.  Of  course  this  difficulty  does  not  present 
itsetf  when  we  suppose  that  heat  is  not  motion. 


Abt.  X. — On  the  mode  of  observing  the  coming  Transits  of  Venus; 
by  SncoN  Nbwcomb.* 

Transits  of  Venus  over  the  disk  of  the  sun  have  more  than 
any  other  celestial  phenomena  occupied  the  attention  and  called 
forth  the  energies  of  the  astronomical  world.  In  the  last  cen- 
tury they  furnished  the  only  means  known  of  learning  the  dis- 
tance of  the  sun  with  an  approach  to  accuracy,  and  were  there- 
fore looked  for  with  an  interest  corresponding  to  the  importance 
of  this  element  Although  other  methods  of  arriving  at  this 
knowledge  with  about  equal  accuracy  are  now  known,  the  rarity 
of  the  phenomenon  in  question  insures  for  it  an  amount  of 
attention  which  no  other  system  of  observation  can  command. 
As  the  rival  method,  that  of  observations  of  Mars  at  &vorable 
times,  requires,  equally  with  this,  the  general  cooperation  of 
astronomers,  the  power  of  securing  this  cooperation  does  in 
itself  ^ve  the  transits  of  Yenus  an  advantage  they  would  not 
otherwise  possess. 

Although  the  next  transit  does  not  occur  for  four  years,  the 
preliminary  arrangements  for  its  observation  are  already  being 
made  by  the  governments  and  scientific  organizations  of  Europe. 
It  is  not  likely  that  our  government  will  be  backward  in  rar- 
nishing  the  means  to  enable  its  astronomers  to  take  part  in  this 
work.  The  principal  dangers  are,  I  apprehened,  those  of 
setting  out  with  insufficient  preparation,  with  unmatured  plans 

*  Bead  befbre  the  National  Academy  of  Soienoes,  April  13, 1870. 
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of  observatioii,  and  without  a  good  system  of  cooperation 
amon^  tiie  several  parties.  For  this  reason  I  b^  leave  to 
call  the  attention  of  the  Academy  to  a  discussion  of  the  meas- 
ures by  which  we  may  hope  for  an  accurate  result 

In  planning  determinations  of  the  solar  parallax  fix>m  the 
transits  of  Venus,  it  has  until  lately  been  the  custom  to  depend 
entirely  upon  observations  of  the  mtemal  contact  of  the  hmbs 
of  the  sun  and  planet,  as  proposed  by  HaUey.  It  is  a  little 
remarkable  that  while  astronomical  observations  in  general  have 
attained  a  d^ree  of  accuracy  wholly  unthought  of  in  the  time 
of  Halley,  this  particular  observation  has  never  been  made  with 
a  precision  at  ail  approaching  that  which  Halley  believed  that 
he  himself  had  actually  attamed.  In  his  paper  he  states  that 
he  was  sure  of  the  time  of  the  internal  contact  of  Mercury  and 
and  the  sun  within  a  second.*  The  latest  observations  of  a 
transit  of  Mercury,  made  in  November,  1868,  are,  as  we  shall 
presently  see,  uncertain  by  several  seconds.  It  is  also  well 
known  that  the  observations  of  the  last  transit  of  Venus,  that 
of  June,  1769,  failed  to  fix  the  solar  parallax  with  the  certainty 
which  was  looked  for,  the  result  of  the  standard  discussion 
being  now  known  to  be  erroneous  by  one-thirtieth  of  its  entire 
amount 

The  discrepancies  which  have  always  been  found  in  the  class 
of  observations  referred  to,  when  the  results  of  different  ob- 
servers have  been  compared,  have  been  generally  attributed  to 
the  effect  of  irradiation.  The  phenomenon  of  irraaiation  presents 
itself  in  this  form :  When  we  view  a  bright  body,  projected 
upon  a  dark  ground,  the  apparent  contour  of  the  bright  body 

!)rojects  beyond  its  actual  contour.  It  may  be  generalized  as 
bllows : — ^A  lucid  point,  however  viewed,  presents  itself  to  the 
sense,  not  as  a  mathematical  point,  but  as  a  disc  of  appreciable 
extent,  and,  usually,  of  irregular  outline.  But,  for  our  present 
purposes  the  form  of  the  disc  may  be  considered  circular.  Its 
outEne  is  necessarily  quite  indefinite,  and  its  magnitude  in- 
creases with  the  brilfiancy  of  the  point  A  bright  body,  being 
composed  of  an  infinity  of  lucid  points,  its  apparent  enlarge- 
ment is  an  evident  result  of  this  law. 

The  following  diagrams  show  the  effect  of  this  law  upon  the 
time  of  internal  contact  of  a  planet  with  the  disk  of  tne  sun. 
The  planet  being  supposed  to  approach  the  solar  disk,  figure  1 
shows  the  geometrical  form  of  a  portion  of  the  apparent  surface 
of  the  sun,  or  the  phenomenon  as  it  would  be  ii  there  were  no 
irradiation  immediately  before  the  moment  of  internal  contact 
Figure  2  shows  the  corresponding  appearance  immedia^ly  after 
the  contact  To  indicate  the  meet  of  irradiation,  or  to  show 
the  phenomenon  as  it  will  actually  appear  on  the  theory  of  irra- 
•  Fhiloflophioal  Transaotlooa,  No.  848,  p.  464. 
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diation,  we  have  only  to  draw  an  infinity  of  minute  circles,  one 
from  each  point  of  the  sun's  disk  visible  around  the  planet 

1.  lo. 


The  effect  of  this  is  shown  in  the  figures  la  and  2a.     The 

exceedingly  thin  thread  shown  in  figure  1  is  thus  thickened  as 

2.  2a. 


in  la,  and  the  sharp  cusps  of 
figure  2  are  rounded  oflF  as 
shown  in  figure  2a.  The  ap- 
parent radius  of  the  planet 
IS  diminished  by  an  amount 
equal  to  the  radius  of  the  cir- 
cle of  irradiation,  and  the 
radius  of  the  sim  is  increased 
by  the  same  amount  Com- 
paring figures  la  and  2a,  it 
will  be  seen  that  the  moment 
of  internal  contact  is  marked 
by  the  apparent  formation  of 
a  ligament,  or  "  black  drop,"  between  the  limbs  of  the  sun  and 
the  planet     This  formation  is  of  so  marked  a  character  that  it 
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has  been  generally  supposed  there  could  be  little  doubt  of  the 
moment  of  its  occurrence.  The  remarks  of  the  observers  have 
riven  color  to  this  supposition,  the  black  drop  being  generally 
described  as  appearing  suddenlv  at  a  definite  moment 

Examining  ngure  2a,  it  will  be  seen  that  the  planet  still  ap- 
pears entirely  within  the  disk  of  the  sun.  The  geometrical 
circle  which  bounds  the  latter,  and  that  which  bounds  the 
planet,  instead  of  touching,  are  separated  by  an  amount  equal 
to  double  the  irradiation.  If  the  observer  waits  until  the 
planet  has  moved  over  this  space,  the  two  circles  will  appear  in 
.that  position  in  which  they  would  touch  if  completeo.  This 
phase  commonly  called  ^'  apparent  contact,"  is  shown  in  fig.  8. 
Nei&er  circle  is  visible  at  the  point  of  tang^ncy,  the  black  drop, 
now  greatly  widened  and  flattened,  extenmng  on  both  sides  this 
point  The  estimate  of  the  moment  of  contact  must  tiia^fore 
be  verv  rough,  the  means  of  estimating  being  &r  less  accurate 
than  those  Sforded  by  a  common  filar  micrometer.  In  the  ac- 
t?ual  case  the  eye  has  to  continue  the  two  circles  to  the  point  of 
contact  by  estunation  through  a  distance  depending  on  the 
amount  oi  irradiation,  while  measures  with  a  micrometer  are 
made  by  actual  contact  of  a  wire  with  a  disk.  Such  estimates 
have,  therefore,  been  generally  rejected  bv  investigators,  not 
only  fix)m  their  necessary  inaccuracy,  but  because  tiie  time  of 
"apparent  contact"  depends  upon  the  amount  of  irradiation, 
which  varies  with  the  observer  and  the  telescope.  K  there  is 
no  irradiation  at  all,  the  time  of  apparent  contact  and  that  of 
true  contact  will  be  the  same,  as  shown  in  figure  2 ;  while, 
when  the  cusps  are  enlarged  by  irradiation,  apparent  contact 
will  not  occur  until  the  planet  has  moved  through  a  space  equal 
to  double  the  irradiation. 

Let  us  return  to  the  phenomena  at  actual  contact  Accord- 
ing to  the  theory  as  it  has  been  presented,  the  formation  or 
rupture  of  the  blaick  ligament  connecting  the  dark  body  of  Ve- 
nus with  the  dark  ground  of  the  sky  is  a  well-marked  phenom- 
enon, occurring  at  the  moment  of  true  internal  contact  This 
was,  I  believe,  the  received  theory  until  Wolf  and  Andr^  made 
their  experiments  on  artificial  transits  in  the  autumn  and  winter 
of  1868  and  1869.  They  announced,  as  a  result  of  these  experi- 
ments, that  the  formation  of  the  ligament  was  not  cotempora- 
neous  with  the  occurence  of  internal  contact,  but  followed  it  at 
the  ingress  of  the  planet,  and  preceded  it  at  egress.  In  other 
words,  it  appeared  while  the  tlutead  of  light  was  still  complete. 
They  fturthennore  announced  that  with  a  ffood  telescope  the  lig» 
ament  did  not  appear  at  all,  but  the  thread,  of  light  between  Ve- 
nus and  the  dark  sky  broke  off  by  becoming  indefinitely  thin. 

The  result  is  not  difficult  to  account  for.  Irradiation  has  al- 
ready been  described  as  a  spreading  of  the  light  emitted  from 
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each  point  of  the  surfisuse  viewed,  bo  that  every  such  point  ap- 
pears as  a  small  circle.  Theobvious  effect  of  this  spreading  is  a 
dilution  of  the  light  emitted  by  a  luminons  thread  or  point 
whenever  the  diameter  of  the  thi^ead  is  less  than  that  of  the  cir- 
cle of  irradiation.  In  consequence  of  this  dilution  the  thread 
may  be  invisible  while  it  is  reisdlj  of  sensible  thickness,  a  given 
amount  of  light  producing  a  greater  effect  on  the  eye  the  more 
it  is  concentrated.  Since  the  mread  of  light  must  seem  to  break 
when  it  becomes  invisible  at  its  thinnest  point,  the  formation  or 
rupture  of  the  thread  marks,  not  the  moment  of  actual  contact, 
but  the  moment  at  which  the  thread  of  light  becomes  so  thick 
as  to  be  visible,  or  so  thin  as  to  be  invisible.  The  greater  the 
irradiation,  and  the  worse  the  definition,  the  thicker  will  be  the 
thread  at  this  moment 

An  interesting  observation  illustrative  of  this  point  was  made 
by  Liais  at  Bio  Janeiro  during  the  transit  of  Mercury  of  No- 
vember 1,  1868.  He  had  two  telescopes,  one  much  smaller 
than  the  other.  He  watched  the  planet  in  the  small  one  till  it 
seemed  to  touch  the  disk  of  the  sun«  Then  looking  into  the 
laree  one  he  saw  a  thread  of  light  distinctly  between  the  planet 
and  the  sun,  and  they  did  not  really  touch  until  several  seconds 
later.* 

Beference  to  the  figures  will  make  it  dear  that  there  is  no 
generic  difference  between  the  phenomenon  commonly  called 
me  rupture  of  the  black  drop  and  that  of  the  formation  of  the 
threaa  of  li^ht  If  tiie  bright  cusps  are  much  rounded,  as  in 
figure  2a,  the  appearance  between  them  is  necessarily  that  of  a 
drop,  while  if  they  are  seen  in  their  true  sharpness,  as  m  figure  1, 
the  form  of  the  drop  will  not  appear.  It  has  been  shown  that 
with  different  instruments  the  phenomenon  of  contact  may  ex- 
hibit everv  gradation  between  these  extremes.  The  only  well 
defined  phenomenon  which  all  can  see  is  the  meeting  of  the 
bright  cusps  and  tiie  consequent  formation  of  the  thread  of  light 
at  ingress  andihe  rupture  of  the  thread  at  egreaa. 

To  recapitulate  our  conclusions — 

L  The  moment  of  observed  internal  contact  at  ingress  is  that 
at  which  the  tiiread  of  light  between  Venus  and  the  sun  be- 
comes thick  enough  to  be  visibla 

2.  The  least  visible  thickness  varies  with  the  observer 
and  the  instrument,  and,  perhaps,  witii  the  state  of  the  atmos- 
phere. 

8.  The  apparent  initial  thickness  of  the  thread  varies  with  iba 
irradiation  of  the  telescope. 

Two  questions  are  now  to  be  discussed.  The  observed  times 
varying  with  the  observer  and  the  instrument,  we  must  know 
how  wide  the  variation  may  bei    If  it  be  wide  enough  to  len- 

•  AftroQomiflche  KadaiditeD,  &  78,  a  300. 
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der  uncertain  the  results  of  observation,  we  shall  inquire  how 
its  injurious  effects  may  be  obviated. 

The  first  question  can  be  decided  only  by  comparison  of  the 
observations  of  different  observers  upon  one  and  the  same  phe- 
nomenon. For  such  comparison  I  shall  select  the  observations 
of  the  egress  of  Mercurv  on  the  occasion  of  its  last  transit  over 
the  disk  of  the  sun.  This  selection  is  made  for  the  reason  that 
this  egress  was  observed  by  a  great  number  of  experienced  ob- 
servers with  the  best  instruments,  while  former  transits,  whether 
of  Venus  or  Mercurr,  have  been  observed  less  extensively  or  at  a 
time  when  practical  astronomy  was  &r  from  its  present  state  of 
perfection,  and  that  the  transit  in  question  would  therefore  ffxt- 
nish  much  better  data  of  judging  what  we  mi^ht  expect  in 
future  observations.  The  comparison  was  made  in  the  follow- 
ing way:  I  selected  fix>m  the  " Astronomische  Nachrichten,^ 
the  "Monthly  Notices  of  the  Boyal  Astronomical  Society,"  and 
the  "  Gomptes  Bendus  "  all  the  observations  of  internal  contact 
at  egress  which  there  was  reason  to  believe  related  to  the  break- 
ing of  the  thread  of  light,  and  which  were  made  at  stations  of 
known  lon^tude.  Each  observation  was  then  reduced  to 
Ghreenwich  time  and  to  the  center  of  the  eartL 

The  results  are  exhibited  in  the  following  tabla  The  third 
column  of  the  table  shows  the  corrected  reimced  times  of  con- 
tact Next  is  given  the  aperture  of  the  telescope,  and  the  mag- 
ni^in^  power  employed  in  the  observation.  Ijastly,  we  present 
a  classification  of  the  phenomena  of  contact  as  described  by  the 
observers. 

The  letters  Y.  C,  (vanishing  contact,)  indicate  that  the  thread 
c^  light  broke  by  becoming  mdefinitely  thin,  so  that  there  was 
no  irradiation  or  distortion  of  the  planet 

The  letters  B.  D.  (black  drop)  indicate  the  appearance  of  the 
ligament,  as  shown  in  fig.  2a. 

R  R  Indicates  that  the  time  is  that  of  the  rupture  of  the 
thread,  but  that  it  cannot  be  inferred  firom  the  statements  of  the 
observer  whether  the  thread  had  or  had  not  a  sensible  thickness 
immediately  before  breaking. 

A.  C.  Signifies  an  apparent  contact,  as  shown  in  fiff.  S. 
When  there  \a  no  black  drop  the  letters  V.  0.  and  A.  0.  nave 
the  same  meaning.  The  letters  are  therefore  employed  only 
when  there  is  reason  to  believe  from  the  remarks  of  the  ob- 
server that  the  cusps  were  rounded. 

(Lnat)  indicates  that  the  observer  described  the  phenomenon 
as  instantaneoua 

The  letters  b  and  g  refer  to  the  definition,  the  first  indicating 
that  it  was  bad,  the  second  that  it  was  goocL 

When  there  is  no  indication  in  this  cohimn  the  observer  gives 
no  information  respecting  the  phenomenon. 
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Obserrer. 

PUoe. 

lBt.Contict. 

Aper. 
ton. 

Power. 

Character  of 

h.   UL      ■. 

OppolMT,* 

Vienna, 

20  69  49-8 

4 

.. 

B.D.     b. 

Oppenheim, 

Bonn, 

51-8 

.. 

.» 

b. 

Rayet, 

Paris, 

670 

6-5 

222 

V.O. 

Le  Verrier.t 

Marsemes, 

67-6 

_. 

._ 

B.  D.(Inst)g. 

Lynn, 

Greenwich, 

69-3 

? 

170 

B.D. 

P.  J.  KftiMr, 

Leiden, 

69*2 

3 

.„ 

R.R.(r)    b. 

Wdff. 

Bonn^ 

21     0     1-8 

.. 

.. 

b. 

LL.i8,t 

Atalaia, 

1-6 

.. 

78 

V.C.    (g.) 

Bosen, 

Pulkowa, 

2-7 

6 

69 

Stone,§ 

Greenwioh, 

40 

IH 

246 

B.D. 

UiH, 

Rome, 

4-6 

2 

40 

R.R. 

KartazEl, 

Pulkowa, 

4-7 

2-9 

146 

Wagner, 

II 

4-7 

3-7 

148 

Nyren, 

ii 

4-7 

7-4 

67 

F11B8, 

II 

4-7 

2-4 

68 

DunkinJ 

Greenwich, 

4-7 

3-7 

300 

B.D. 

Andr^ 

Paris, 

4-9 

6 

188 

V.C. 

Aigelaoder, 

Bonn, 

6-8 

^. 

^, 

b. 

Oppolzer, 

Vienna, 

6-3 

4 

.. 

A.a 

Dr.  Peters, 

Altona, 

7-3 

4 

Ill 

b. 

Villarceau, 

Paris, 

8-3 

7-3 

163 

V.C. 

Lebedefl; 

Pulkowa, 

8-7 

2-2 

70 

Doilen, 

II 

8-7 

2-2 

81 

Miroachnit  ichenka 

II 

8-7 

3-7 

106 

Leskinen, 

II 

8-7 

3-9 

117 

Mancini,^ 

Rome, 

9-6 

6 

60 

R.R. 

H.  J.  Caipenter, 

9-6 

? 

70 

aR. 

KasaTinc^. 

Pulkowa, 

10-7 

11 

86 

Kaiser, 

Leiden, 

10-8 

7 

B.D.    b. 

CWewiok,** 

11-8 

4r 

170 

RD. 

Wdf, 

Paris. 

11-4 

8 

200 

v.a 

Secohi, 

Rome, 

lift. 

7 

200 

R.B. 

J.  Carpenter, 

Greenwich, 

12-6 

3-7 

90 

B.D.(In8t) 

Prof.  Peters, 

Altona, 

13-8 

3 

146 

b. 

Weiss, 

Vienna, 

18-8 

6 

40 

b. 

StruYe, 

Pulkowa, 

13-7 

2*6 

307 

B.R. 

Stephan, 

MarseiUes, 

13-7 

^^ 

^. 

R.R.(In8t.) 

Meriuo, 

Madrid, 

141 

6 

100 

R.R.    g. 

Doner, 

Lund, 

14-2 

9 

320 

V.O.    g. 

Stone, 

Greenwich, 

16-0 

^^ 

^^ 

A.C. 

BuckWham, 

Walworth, 

17-8 

^^ 

.. 

B.D. 

Bokoloy, 

Pulko¥ra, 

18-7 

2-8 

226 

TTftm^ 

Leiden, 

19-0 

6 

.- 

R.R.(r)    b. 

*  '*  S>  Tor  dem  Breohen  des  liohtfadens  schien  Merour  gleichsam  den  Sonnen- 
rand  etwas  hfaiausEuchieben  so  dass  an  der  Stelle  des  Austrittes  efai  nach  anssen 
ooBTezer  Liohtfindsn  den  Meroor  nmscihloiw  nnd  desieii  Vemhwinden  kt  als  deft 
Moment  der  inneren  Beriihnmg  notiite." 

f  Le  Verrier  used  a  seven-inoh  glara  with  a  dii^hragm  oyer  the  obieotiTe. 

\  Three  seoonds  before  this  time  the  contact  was  not  completed,  and  three 
•eooods  later  it  was  more  than  completed. 

fA  fine  ligament  seen  several  seoonds  before  the  time  recorded. 
The  planet  was  suddenly  noticed  to  assume  a  balloon  or  pear  shape.    Ihe 
apparent  contact  about  10>  later. 
Y  Obserred  by  image  in  camera  obsonra,  22  li  m.  in  < 
^*  Instantaneous.    Time  periu^  2*  or  3*  late. 
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Tablb— contloned. 


Olteerver. 

Place. 

Bednoed 

Time  of 

InL  Contact. 

Aper- 
ture. 

Power. 

Character  of 
Phenomenon, 

VentOBa,* 

Madrid, 

b.   m.      a. 
210 

10 

150 

B.  D.  (Inst) 

Kaiser, 

Leiden, 

23-8 

7 

„. 

A.C.    b. 

Lindemazi, 

Pulkowa, 

24-7 

4-2 

85 

Prince, 

Uckfleld, 

28-6 

.. 

.. 

A.  0.  (?) 

Pohl, 

Kahlenberg, 

29*6 

4 

136 

V.O. 

Lyim,t 

Greenwich, 

311 

? 

no 

A.  0. 

Penrose, 

Wimbledon, 

52-2 

2-2 

70 

RR. 

In  the  preparation  of  this  table,  the  original  intention  was  to 
exclude  all  observations  unaccompanied  with  any  statement  of 
the  phenomena.  An  exception  was  afterward  made  in  favor  of 
the  observations  of  Bonn  and  Pulkowa,  so  that  in  this  respect 
there  is  a  lack  of  homogeneousness  in  the  tabla  The  few  obser- 
vations of  "  apparent  contact,"  have  also  been  added,  in  the  be- 
lief that  they  would  not  be  devoid  of  interest 

The  principal  conclusion,  to  be  drawn  frpm  the  comparison 
here  eiiibited,  is  that  there  is  no  discoverable  relation  between 
the  time  of  observation  on  the  one  hand,  and  the  size  of  the  tel- 
escope, the  magnifying  power,  (so  it  exceed  50  or  60)  or  the 
character  of  the  phenomenon  on  the  other.  We  find  the  phenom- 
enon of  the  apparently  instantaneous  formation  of  the  "  black 
drop  "  to  ranffe  from  20»»  59"»  58"  (Le  Verrier^  to  21*>  O"  21-«0 
(Ventosa).  The  times  of  "  Vanishing  Contact "  on  which  Wolf 
and  Andrd  lay  so  much  stress,  range  from  20*»  59°»  57"  to  21*»  0" 
29».  If  we  reject  Pohl's  observation,  the  range  will  still  be  17". 
I  think  if  the  observations  of  external  contact  were  collected  and 
compared  in  the  same  way,  it  would  be  found  that  their  agree- 
ment was  as  good  as  in  the  case  of  internal  contact  So  far  as 
we  have  data  for  judging,  these  differences  would  seem  to  be 
due  to  the  accidental  errors  of  observation.  Their  amount  in 
arc  may  be  inferred  from  the  fact  that  15"  of  time  correspond 
to  a  change  of  1''  in  the  relative  position  of  Mercury  and  the 
sun. 

I  conceive,  therefore,  that  we  shall  &il  if  we  rely  mainly  on 
observations  of  internal  contact  Still,  there  are  two  measures 
by  which  the  reliableness  of  the  determination  of  ingress  and 
^ress  may  be  greatly  increased.  The  firat  consists  in  having 
the  observer  occupy  the  entire  time  of  partial  ingress  and  egress 
in  making  very  careful  measures  of  the  distance  of  cusps  with 
such  micrometer  as  may  be  best  adapted  for  the  purpose.  The 
second  consists  in  bringing  the  observers  at  opposite  stations  to- 
gether, both  before  and  after  the  transit,  and  causing  them  to 
make  observations  on  artificial  transits  with  the  same  instru- 

*  OoDtact  seemed  to  be  established  simultaneously  at  several  points, 
f  Doubtftil    Limbs  "  certainly  in  contact  by  at  least  that  time.** 
Ax.  JouB.  Soi.— Sbookd  Sbribs,  Vol.  L,  Pio,  148.— Jult,  1870L 
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ments  employed  in  observing  the  transit  of  Venus,  in  order  to 
determine  what  correction  should  be  applied  to  the  observa- 
tions of  one  to  make  them  comparable  witn  those  of  the  other. 
It  would  be  a  comparatively  simple  operation  to  erect  an  artifi- 
cial representation  of  the  sun's  disk  at  the  distance  of  a  few  hun- 
dred yards,  and  to  have  an  artificial  planet  moved  over  it  by 
clockwork.  The  actual  time  of  contact  could  be  determined  by 
electricity,  and  the  relative  positions  of  the  planet  and  the  disK 
by  actual  measurement*  With  this  apparatus  it  would  be  easy 
to  determine  the  personal  errors  to  which  each  obflerver  was  lia- 
ble, and  these  errors  would  approximately  represent  those  of  the 
observations  of  actual  transit 

Still,  it  would  be  very  unsafe  to  trust  entirely  to  any  deter- 
mination of  ingress  or  egress.  Understanding  the  uncertainty 
of  such  determinations,  the  Gterman  astronomers  have  proposed 
to  trust  to  measures  with  a  heliometer,  made  while  the  planet 
is  crossing  the  disk.  The  use  of  a  sufficient  number  of  heUom- 
eters  womd  be  both  difficult  and  expensive,  and  I  think  we 
have  an  entirely  satis£su:tory  substitute  in  photography.  In- 
deed, Mr.  De  la  Rue  has  proposed  to  determine  the  moment 
of  internal  contact  by  photography.  But  the  result  would  be 
subject  to  the  same  uncertainty  which  affects  optical  observa- 
tions— ^the  photograph  which  furst  shows  contact  will  not  be  that 
taken  when  the  thread  of  light  between  Venus  and  the  sun's  disk 
was  first  ccHnpleted,  but  the  first  taken  after  it  became  thick 
enough  to  affect  the  plate,  and  this  thickness  is  more  variable 
and  uncertain  than  the  thickness  necessary  to  affect  the  eya 
We  know  very  weU  that  a  haziness  of  the  sky  which  very 
slightly  diminishes  the  apparent  brilliancy  of  the  sun,  will  very 
materially  cut  off  the  actmic  rays,  and  we  photographic  plate 
has  not  the  power  of  adjustment  which  the  eye  has. 

But,  although  we  cannot  determine  contacts  by  photography, 
I  concdve  that  we  may  thereby  be  able  to  measure  the  mstance 
of  the  centers  of  Venus  and  the  sun  with  great  accuracy.  Hav- 
ing a  photograph  of  the  sun  with  Venus  on  its  disk,  we  can, 
with  a  suitable  micrometer,  fix  the  position  of  the  center  of  each 
body  with  great  precision.  Wecanthen  measure  tiie  distance  of 
the  centers  in  inches  with  corresponding  precision.  All  we  then 
want  is  the  value  in  arc  of  an  mch  on  the  photograph  plate. 
This  determination  is  not  without  difficulty.  It  wiU  not  do  to 
trust  the  measured  diameters  of  the  images  of  tiie  sun,  because 
they  are  affected  by  irradiation,  just  as  the  optical  image  is.  If 
the  plates  were  nearlvof  the  same  size,  and  the  ratio  of  we  diam- 
eters of  Venus  and  tne  sun  the  same  in  both  plates,  it  would  be 
safe  to  assume  that  they  were  equally  affected  by  irradiation. 
But  should  any  difference  show  itself  it  would  not  be  safe  to  as- 
sume that  the  light  of  the  sun  encroached  equally  npon  the  dark 
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ground  of  Venus  and  upon  the  sky,  because  it  is  so  much  fidnter 
near  the  border. 

If  the  photographic  telescope  were  furnished  with  clock-work, 
it  would  be  advisaole  to  take  several  photographs  of  the  Pleiades, 
both  before  and  after  the  transit,  to  mmish  an  accurate  standard 
of  comparison  jfree  firom  the  danger  of  systematic  error.  There 
is  little  doubt  that  if  the  telescopes  and  operators  practiee 
together,  either  before  or  after  the  transit,  dfitta  may  be  obtained 
for  a  satis&ctory  solution  of  the  problem  in  question^ 

To  attain  the  object  of  the  present  paper,  it  is  not  necessity 
to  enter  into  details  respecting  choice  oi  stations  and  plans  of 
observation.  I  have  endeavored  to  show  that  no  valuable  re- 
sult is  to  be  expected  from  hastily-organized  and  hurriedly- 
ejjuipped  ^peditions ;  that  every  step  in  planning  the  observa- 
tions require  carefdl  consideration,  and  that  in  ail  the  prepara- 
tory arrangements  we  should  make  haste  very  slowlv.  I  make 
this  presentation  with  the  hope  that  the  Academy  will  take  such 
action  in  the  matter  as  may  seem  proper  and  desirable. 


Abt.  XL — On  the  Geology  of  Eastern  New  England;  by  Dr. 
T.  Stebrt  Hunt,  F.R&  (From  a  letter  to  Pro£  tJAHBS 
D.  Dana. 

Whsn,  more  than  twenty  years  since,  my  attention  was 
turned  to  the  geology  of  New  England,  there  was  no  evidence 
of  the  existence  between  the  old  gneisses  of  the  Adirondacks 
and  the  coal  measures,  of  any  other  stratified  rocks  than  those 
of  the  Huronian  seri^  and  the  New  York  system,  from  the 
Potsdam  formation,  upward.  It  is  true  that  Emmons  had« 
before  that  time,  maintained  the  presence,  in  western  Vermont 
and  Massachusetts,  of  a  svstem  oi  fossiliferous  sediments,  lying 
unconfoimably  beneath  tne  Potsdam,  but  the  evidence  up  to 
this  time  adduced  with  regard  to  these  so-called  Taccmic  rocks, 
has  failed  to  show  that  tney  include  any  strata  more  ancient 
than  the  Potsdam,  while  most  of  them  are  certainly  younger. 
The  researches  of  Sir  William  Logan,  up  to  1848,  had  led  him 
to  refer  to  a  period  not  older  than  the  Lower  Silurian  the  crys- 
talline sediments  of  the  Appalachian  rcmon  of  Canada,  between 
Lake  Champlain  and  Quebec.  These  K^rm  a  chain  of  hills,  th^ 
continuation  of  the  Green  Mountains,  and  were  found  by  him  to 
be  followed  immediately,  to  the  southeast,  by  more  or  less  calca- 
reous and  somewhat  altered  strata,  associated  with  Upper  Silu* 
rian  fossils,  and  succeeded,  across  the  strike,  near  the  sources  of 
the  Connecticut  Biver,  by  a  series,  several  miles  in  breadth,  of 
micaceous  schists  and  quartzose  strata,  occasionally  containing 
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chiafltolite,  garnet  and  homblenda  These  two  series  of  rocks, 
extending  from  the  base  of  the  Green  Mountains  to  Canaan 
on  the  Connecticut,  it  was  suggested  by  Sir  William  Logan,  in 
his  Report  on  the  Geological  Survey,  1847-1848,  might  oe  the 
altered  representatives  of  the  rocfa  of  Qtwp^,  including  the 
Lower  Helderberg  groijp,  and  the  succeeding  members  of  the 
New  York  system  to  the  top  of  the  Chemung.  I  then,  as  now, 
conceived-  that  these  micaceous  and  argillaceous  schists,  often 
holding  garnets  and  chiastolite,  were  identical  with  those  which 
make  so  conspicuous  a  figure  in  the  White  Mountains,  and  else- 
where in  Eastern  New  England,  and  when,  in  1849,  I  laid 
before  the  American  Association  at  Cambridge,  the  results  of 
the  Geological  Survey  of  Canada  (this  Jour.,  EC,  ix,  19),  sug- 
gested that  to  the  Gtisp^  series,  as  above  defined,  '^  may  perhaps 
be  referred,  in  part,  the  rocks  of  the  White  Mountains.  Les-^ 
ley,  subsequently,  in  1860  (Proc.  Philad.  Acad.  Nat  Sciences, 
page  363),  adduced  many  reasons  for  believing  that  the  rocks  of 
these  mountains  might  be  strata  of  Devonian  aga*  Li  the  large 
geological  map  of  Canada  and  the  northern  United  States,  lately 
published  by  Sir  WUliam  Logan^  no  attempt  \a  made  to  deline- 
ate the  geology  of  New  Hampshire,  but  the  rocks  in  question, 
to  the  north  of  the  United  States  boundary,  are  represented  as 
Upper  Silurian,  with  the  exception  of  a  belt  of  the  Quebec 
group,  which  has  been  recognized  in  that  region. 

Li  facl^  the  schists  and  gneisses  of  the  White  Mountains  are 
clearljr  distinct,  lithologically,  fix)m  the  Laurentian,  the  Lab- 
radonan  and  the  Huronian,'  as  well  as  from  the  crystalline 
rocks  of  the  Green  Mountains,  and  from  the  fossiliferous  Upper 
Silurian  strata  which  lie  at  the  southwestern  base  of  the  (Cana- 
dian prolongation  of  the  latter.  Having  thus  exhausted  the 
list  oi  known  sedimentary  groups  up  to  tms  horizon,  it  was  evi- 
dent that  the  crystalline  strata  of  the  White  Mountains  must 
be  either  (1)  of  Devonian  age,  or  (2)  something  newer  (which 
was  highly  improbable) ;  or  (8)  must  belong  to  a  lower  and  hith- 
erto unknown  series.  In  the  absence  of  any  proof^  at  that 
time,  of  t^e  existence  of  such  a  lower  system,  the  first  view, 
which  referred  these  strata  to  the  Devonian  period,  was  the  only 
erne  admissible. 

*  In  this  ooDneotion  should  be  recaJled  the  views  put  forth  m  1846,  by  MeBsra. 
H.  D.  and  W.  B.  Bogera,  in  ft  paper  on  the  Geolpgioal  Age  of  the  White  Mountains, 
(this  Journal,  n,  i,  411).  Thej  there,  for  the  first  time,  pointed  out  that  the  great 
mass  of  these  mountains  consists  of  more  or  less  altered  sedimentary  strata^  which, 
upon  the  evidence  of  supposed  organic  remains,  they  referred.  wiUi  some  little 
doubt,  to  Ihe  Clinton  division  of  the  Upper  Silurian.  In  1847,  however,  they  an- 
nounced that  &e  supposed  fossils,  on  whidi  this  identification  had  been  founded, 
were  not  really  such,  (this  Journal,  n,  v,  116).  Future  explorers  may,  it  is  hoped, 
be  more  sucoessftil,  and  yet  discover  among  the  strata  of  the  White  Mountains 
evidences  of  organic  life,  probably  of  primoidial  Silurian  age. 
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When,  however,  ftirther  investigation  showed  that  the  great 
and  progressive  thickening  which  takes  place  in  the  paleozoic 
formations  fix>m  the  west,  eastward,  is  not  confined  to  the  aug- 
mentations of  existing  subdivisions,  but  includes  the  intercala- 
tion of  new  ones ;  when  the  few  hundred  feet  of  typical  Pots- 
dam sandstone  in  New  York  are  represented  in  Vermont, 
Quebec  and  Newfoundland,  by  thousands  of  feet  of  strata 
lithologically  very  unlike  the  type ;  while  the  Quebec  group, 
not  less  in  volume,  appears  representing  the  beds  of  passage 
between  the  Calciferous  and  Chazy  divisions  of  New  York,  we 
begin  to  conceive  that  conditions  of  sedimentation,  very  unlike 
anything  hitherto  suspected  in  the  west,  prevailed  to  the  east- 
ward. When,  moreover,  we  find  widely  separated  areas  of 
Labradorian  and  Huronian  rocks, — remaining  fragments  of  great 
series, — ^resting  upon  the  Laurentian,  from  Lake  Huron  to  New- 
foundland, we  get  evidences  of  a  process  of  denudation  in  past 
ages,  not  less  remarkable  than  the  sedimentation. 

My  observations  of  last  year  have  led  me  to  a  conclusion, 
whicn  had  previously  been  taking  shape  in  my  mind,  that  there 
exists  above  the  Laurentian,  a  great  series  of  crystalline  schists, 
including  mica-slates,  staurolite  and  chiastohte-schists,  with 
quartzose  and  homblendic  rocks,  and  some  limestones,  the 
whole  associated  with  great  masses  of  fine-grained  gneisses,  the 
so-called  granites  of  many  parts  of  New  England  The  first 
suggestions  of  this  were  given  me  by  the  observation  of  Dr. 
Bigsby,  confirmed  by  specmiens  since  received  from  the  region, 
that  there  exists  to  the  northwest  of  Lake  Superior,  an  extended 
series  of  crystalline  schists,  unlike  the  Laurentian,  and  resem- 
bling those  of  the  White  Mountains.  I  have  already  called 
attention  to  this  resemblance  in,  a  review  of  the  progress  of 
American  Geology,  in  1861  (this  Jour.,  II,  xxxi,  895).  It  was 
contrary  to  my  notions  of  the  geological  historv  of  the  continent 
to  suppose  that  rocks  of  Devonian  age  could,  in  that  region, 
have  assumed  such  lithological  characters,  and  I  was  therefore 
led  to  compare  these  rocks  with  a  great  series  of  crystalline 
schists,  abounding  in  mica-slates  and  micaceous  limestones, 
which  occupy  considerable  areas  in  the  Laurentian  region  in 
Hastings  county,  to  the  north  of  Lake  Ontario.  The  distribu- 
tion 01  this  series  has  been  traced  out  by  Mr.  Vennor,  who,  in 
1869,  was  able  to  show  that,  although  much  contorted,  it  rests 
unconformably  upon  the  old  Laurentian  gneisses,  while  it  is,  at 
the  same  time,  overlaid  by  the  horizontal  limestones  of  the 
Trenton  group.  This  intermediate  series,  which  attains  a  thick- 
ness of  several  thousand  feet,  is  terminated  by  calcareo-mica- 
ceous  schists,  in  which  Uozoon  Ganadense  has  been  found,  both 
in  Madoc  and  in  Tudor.  In  these  localities,  as  shown  by  Daw- 
son and  Carpenter  (this  Jour.,  II,  xliv,  867),  the  calcareous 
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skeleton  of  the  Eozoon,  instead  of  being  injected  by  serpentine 
or  another  sUicate,  is  simply  filled  with  impure  calcareous  and 
carbonaceous  matter.  The  presence  of  this  fossil  serves  to  con- 
nect these  rocks  with  the  Laurentian  ^t^n,  with  which  they 
had  provisionally  been  classed,  although  their  lithological  dis- 
similarity had  long  been  noticed,  and  in  1866  Sir  William 
Logan  had  remarked  their  resemblance  to  the  mica-slate  series 
found  near  the  sources  of  the  Connecticut  River  (Report  Geol 
Survey,  1866,  p.  98). 

Mr.  Alex.  Murray's  report  of  his  explorations  in  Newfound- 
land, published  in  1866,  throws  much  light  on  the  history  of 
the  rocks  immediately  succeeding  the  Laurentian  in  that  r^on. 
He  found  in  the  great  northern  peninsula,  about  the  Cloud 
Mountains  and  Canada  Bay,  not  less  than  5400  feet  of  strata, 
referred  by  him  to  the  Potsdam  group.  Of  these  the  lower  2500 
feet  consist  of  bluish-gray  slates,  holding  near  the  summit,  beds 
which  become  conglomerate  fi^om  the  presence  of  quartz  peb- 
bles, and  are  followed  by  a  mass  of  purplish  amygdaloidal  dio- 
rite,  holding  epidote  and  jaspery  red  iron  ore.  Then  follow 
2000  feet  of  argillaceous  and  somewhat  micaceous  slates,  with 
beds  of  quartzite  and  of  limestone,  generally  impure.  These 
contain,  oesides  numerous  fucoidal  markings,  the  remains  of  a 
Lingula,  and  of  Olendhis  Vermontanus,  a  fossil  characteristic  of 
the  rotsdam  group.  To  this  second  division  succeeds  a  third, 
consisting  of  about  900  feet  additional  of  limestones  and  slates. 
Somewhat  farther  southward,  at  Great  and  Little  Coney  Arms, 
the  lower  half  of  the  above  series  is  not  observed,  but  a  succes- 
sion of  strata,  supposed  to  represent  the  upper  portion  of  the 
Potsdam,  is  more  particularly  described.  It  consists,  at  the  base, 
of  800  feet  of  pale  bluish-gray  mica-slates,  with  iron  staios, 
"softer,  more  finely  laminated,  and  more  uniform  both  in  color 
and  in  texture  "  than  some  micaceous  strata  described  by  Mr. 
Murray  as  occurring  in  the  Laurentian  in  that  region.  To  these 
succeeded  480  feet  of  similar  soft  bluish-gray  mica-slates,  holdinc 
numerous  thin  seams  of  dark  colored  limestone,  and  followea 
by  1000  feet  of  impure  limestones  and  slates,  often  micaceous 
and  calcareous,  among  which  are  a  few  beds  of  white  compact 
marble.  No  indications  of  fossils,  save  fucoidal  markings,  were 
met  with  in  this  section.  At  Coney- Arm  Head  there  is  seen  a 
series  of  "  whitish  granitoid,  very  quartzose  mica-slates,"  which 
appear  to  have  a  thickness  of  n-om  1500  to  2000  feet  The 
same  rock  is  found  in  White  Bay,  where  it  overlies  what  is  sup- 
posed to  be  Laurentian  gneiss.  The  relations  of  these  whitish 
^anitic  mica-slates  are  still  obscure,  but  Mr.  Murray  was 
inclined  to  regard  them  as  occupying  a  position  beneath  the 
Potsdam  group.  The  latter,  in  Canada  Bay,  is  immediately 
followed  by  the  unaltered  fossiliferous  limestones  and  shales  of 
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the  Quebec  group.  From  these  investigations  of  Mr.  Murray 
we  learn  that  between  the  Laurei^tian  and  the  Quebec  group, 
there  exists  a  series  of  several  thousand  feet  of  strata,  including 
soft  bluish-OTey  mica-slates  and  micaceous  limestones,  belong- 
ing to  the  rotsdam  group ;  besides  a  great  mass  of  whitisn 
granitoid  mica-slates,  whose  relation  to  the  Potsdam  is  still 
uncertain.  To  the  whole  of  these  we  may  perhaps  give  the  pro- 
visional name  of  the  Terranovan  series,  m  allusion  to  the  name 
Newfoundland. 

Imperfect  gneisses  and  micaceous  schists  are  found  in  several 
parts  of  the  province  of  New  Brunswick,  associated  with  what 
has  been  described  as  a  great  granitic  belt  These  rocks  have 
been  examined  by  Prof  Hind,  and  by  Mr.  Robb,  on  the  St 
John  and  Mirimichi  rivers ;  and  the  former  of  these  observers 
some  years  since  pointed  out  the  indigenous  character  of  the 
so-called  granitea  In  the  summer  of  1869 1  had  an  opportunity 
of  examining,  with  Prof  L.  W.  Bailev,  the  region  about  St 
Stephen,  on  the  river  St  Croix,  where  he  had  already  observed 
a  series  of  ferruginous  quartzites  and  imperfect  ffneisses,  accom- 
panied by  soft  bluish  mica-slates  sometimes  holding  chiastolite, 
staurolite,  and  garnet  These  highly  crystalline  schists  are  not 
more  than  five  miles  removed  fix)m  imaltered  shales  of  the 
Gasp6  series,  containing  fossils  of  Upper  Silurian  or  Lower 
Devonian  Wpes,  and  rest  unconformably  upon  older  granitoid 
rocks,  which  rrof  Bailey  regards  as  probably  Laurentian.  We 
subsequently  examined  the  crystallme  schists  of  the  St  John, 
which  are  apparently  identical  with  those  of  the  St  Croix,  and 
these  also  overlie,  unconformably,  an  older  granitoid  gneisa 

More  recently  Prof  Hind  has  pointed  out  that  some  of  the 
so-called  granites  of  Nova  Scotia  are  ancient  gneisses,  probably 
of  Laurentian  age,  and  have  shown  that  between  these  and  the 
gold-bearing  slates  of  that  province,  there  is  found,  near  Wind- 
sor, and  near  Sherbrooke,  a  series  of  beds  of  no  great  thickness, 
consistinff  of  imperfect  gneisses,  quartzites  and  micaceous 
schists,  which  rest  unconformably  on  the  Laurentian,  and  are 
sometimes  wanting  altogether.  These  include  mica-schists  with 
chiastolite  and  garnet,  and  appear  identical  with  those  alreadv 
observed  by  Dr.  Dawson  in  other  parts  of  Nova  Scotia,  which 
I  had  already  recognized  as  the  same  with  those  of  the  White 
Mountains,  and  those  of  the  St  Croix,  just  noticed.  Prof 
Hind,  in  a  late  paper,  has  called  these,  from  their  position  in 
Nova  Scotia,  Huronian ;  but  the  Cambrian  or  Huronian  rocks 
recognized  by  Messrs.  Matthew  and  Bailey  in  New  Brunswick, 
where  they  are  widely  spread  along  the  north  side  of  the  Bay 
of  Fundy,  consist  of  massive  diorites  and  quartzose  feldspar- 
porphyries,  with  occasional  sandstones  and  conglomerates,  and 
are  very  unlike  the  gneissic  and  micaceous  rocks  in  question, 
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which  I  believe  to  belong,  like  those  of  the  St  Croix  and 
the  St  John  rivers,  to  the  great  Terranovan  series.  The  mica- 
ceous and  homblendic  sclusts,  with  interstratified  fine  grained 
whitish  gneisses  (locally  known  as  granites^  which  I  have  seen 
in  Hallowell,  Augusta,  Brunswick  and  Westbrook,  in  Maine, 
appear  to  belong  to  the  same  series ;  which  will  also  probably 
include  much  of  the  gneiss  and  mica-schist  of  Eastern  New 
England.  If  this  upper  series  is  to  be  identified  with  the  crys- 
tallme  schists  whicn,  in  Hastings  County,  Ontario,  overue, 
unconformably,  the  Laurentian,  and  yet  contain  Eozoon  Cana- 
denssj  the  presence  of  this  fossil  can  no  longer  serve  to  identify 
the  Laurentian  system.  To  this  lower  horizon  however,  I  have 
referred  a  belt  oi  gneissic  rocks  in  Eastern  Massachusetts,  which 
are  lithologically  unlike  the  present  series,  and  identical  with 
the  Laurentian  of  New  York  and  Canada.  To  the  upper  series 
appear  to  belong  the  great  endogenous  granitic  veins  so  well 
IcQown  to  mineralo^sts  as  containing  beryl,  tourmaline  and  other 
fine  crystallized  minerals. 

The  fine-grained,  white  granitoid  gneisses,  often  present  an 
apparently  bedded  structure,  which  enables  them  to  be  removed 
in  large  plates  or  layers,  lying  at  no  great  angle,  and  appar- 
ently conformable  to  the  present  surfiice  of  the  coimtry.  This 
structure,  which  I  conceive  to  have  been  superinduced  by  super- 
ficial changes  of  temperature,  is  often  quite  independent  of  the 
bedding,  as  may  be  seen  in  the  quarries  near  lA^ugusta  in  Maine, 
and  in  the  cuttings  on  the  Grand-Trunk  Railway  near  Berlin 
Falls,  New  Hampshire.  It  is  also  observed  in  exotic  or  intru- 
sive granites,  like  those  of  Biddeford,  Maine.  This  is,  in  fact, 
the  concentric  lamination  of  granite,  long  since  observed  by 
Von  Buch,  and,  I  believe,  correctly  explained  by  Prof  N.  S. 
Shaler  to  be  due  to  movements  of  contraction  and  expansion  in 
the  mass,  caused  by  variation  of  temperature  during  the  changes 
of  the  seasons.  He  has  not  however  observed  this  structure  at 
greater  depths  than  from  three  to  five  feet,  while  in  some  rocks 
I  have  found  it  penetrating  probably  twenty  feet  (See  Shaler's 
paper,  read  before  the  Boston  Nat  History  Society,  Feb.  3, 
1869,  and  published  in  the  Proceedings  of  the  Society,  vol.  xii, 
page  289). 

While  however  I  admit  the  existence  in  the  Dominion  of 
Canada  and  in  Eastern  New  England,  of  a  great  series  of  crys- 
talline schists,  distinct  fi:om  the  Laurentian,  and  apparently  the 
same  with  those  found  by  Mr.  Murray  between  the  Laurentian 
and  the  Quebec  group  in  Newfoundland,  it  is  not  less  certain 
that  we  have  in  these  re^ons  rocks  of  Upper  Silurian  and 
Lower  Devonian  aee,  holding  characteristic  fossils.  These 
strata  in  Maine  ana  New  Brunswick  are  generally  but  little 
altered.     In  the  Connecticut  valley  at  Bernardston,  Massachu- 
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setts,  near  Lake  Memphremagog  in  Vermont,  and  ftirther  north- 
ward in  the  province  of  Quebec,  fossik  of  this  horizon  are  found 
in  rocks  which,  in  some  localities,  are  more  or  less  altered  and 
crystalline.  I  believe  however  that  much  of  the  calcareous  mica- 
slate  of  Eastern  Vermont  will  be  found  to  belong  to  the  Terra- 
novan  series.  The  extent  of  these  newer  rocks,  and  the  limits 
between  them  and  the  more  ancient  schists,  of  the  ruins  of  which 
they  are  probably  in  part  composed,  remain  problems  for  farther 
investigation.  For  tne  solution  of  these.  Prof.  C.  H.  Hitchcock, 
by  his  labors  in  Vermont,  is  already  well  prepared,  and  it  cannot 
be  doubted  that  he,  with  his  able  assistants,  will  in  the  Survey 
of  New  Hampshire,  now  in  progress,  throw  much  light  on  New 
England  geology.  It  is  worthy  of  remark,  that  strata  holding 
fossils  of  Lower  Helderberg  a^e,  or  thereabouts,  are  not  confined 
to  the  shores  of  Maine  ana  New  Brunswick,  and  the  valleys  of 
the  Connecticut  and  St  John  rivers,  but  are  found  beyond  the 
Green  Mountains,  in  the  vallev  of  the  St  Lawrence,  near  Mon- 
treal ;  where,  on  the  island  of  St  Helen,  they  rest  unconform- 
ably  on  the  Utica  slate,  and  at  Beloeil  Mountain,  near  by,  on 
intrusive  diorites,  which  there  break  through  the  shales  of  the 
Hudson  River  group. 

The  relations  of  this  Terranovan  series  to  the  porphyries  and 
diorite  rocks  which,  in  New  Brunswick,  have  b^n  caUed  Cam-  • 
brian  and  Huronian  by  Mr.  Matthew  (first  distinguished  by 
him  as  the  Coldbrook  group),  yet  remams  to  be  determinei 
These  rocks  are  found  near  to  the  city  of  St  John  resting 
directly  on  what  has  been  regarded  as  Laurentian,  and  are  over- 
laid by  the  uncrystalline  schists  which  contain  the  primordial 
fauna  now  so  well  known  by  the  descriptions  of  Prof  Hartt 
Rocks  which  I  regard  as  identical  with  this  same  Coldbrook  or 
Cambrian  group,  are  found  along  the  coast  of  New  Brunswick, 
and  constitute  the  diorites  and  porphyries  of  Eastport,  Maina 
They  appear  moreover  to  be  the  same  with  those  met  with  near 
Newburyport,  and  at  Salem,  Lynn,  and  Marblehead,  Massachu- 
setts, i'arther  researches  about  Passamaquoddy  Bay,  where 
the  mica-slates  are  found  not  far  removed  from  these  porphyries, 
will  probably  enable  us  to  determine  their  relations  to  each 
other. 

It  will  be  remembered  that  Gtimbel  has  found,  in  Bavaria, 
beneath  the  oldest  fossiliferous  clay-slates,  a  mica-schist  (and  horn- 
blende-schist) series,  reposing  upon  the  Hercynian  gneiss,  which 
contains  crystaUine  limestones,  with  grapmte,  serpentine  and 
Eozoon  Oanadense^  and  which  he  has  identified  with  the  Lauren- 
tian of  North  America.  He  distinguishes  beneath  this  a  great 
mass  of  red  gneiss,  apparently  without  limestones,  to  which  he 
has  given  the  name  of  the  Bojian  gneisa  It  will  however  be 
remembered,  that  in  his  studies  of  the  Laurentian  system  on  the 


Digitized  by  VjOOQ  IC 


90  (X  U,  JShqpard,  Sr. — Minerahgical  OontribtUions. 

Ottawa,  Sir  William  Logan  has  shown  that  this  immense  series 
(his  Lower  Laurentian),  some  20,000  feet  in  thickness,  includes 
four  great  masses  of  gneiss  and  quartzite,  divided  by  three  lime- 
stone formations,  and  that  it  is  in  the  uppermost  of  these,  which 
is,  in  some  parts,  1500  feet  thick,  that  tne  Bozoon  Oanadense  has 
been  found.  Some  of  the  lower  gneisses  of  this  vast  system 
may  very  well  represent  the  Bojian  of  Gumbel,  who  has  not 
recognized  in  Bavaria  either  the  Labradorian  (Upper  Lauren- 
tian) or  Huronian  series.  (See  Gumbel  on  the  Laurentian  of 
Bavaria,  translated  and  published  in  the  Canadian  Naturalist 
for  December,  1866).  Comparative  studies  of  this  kind  should 
not  be  neglected  in  the  investigation  of  our  American  rocka 
Montreal,  May  10, 1870. 


Aet.  Xn. — Mineralogiml  Contributions;  by  CHARLES  Upham 

Shepard,  Sr. 

1.  A  new  variety  {species  ?)  of  Oolumbite, 

The  Columbites  of  New  England  deserve  a  closer  examina- 
tion than  they  have  yet  received.  Those  of  New  Hampshire, 
Massachusetts  and  Connecticut  may  embrace  at  least  two,  per- 
haps three,  mineralogical  species.  A  new  locality,  recently 
opened  at  Haddam  (Conn.),  has  certainly  disclosed  a  variety  so 
diflferent  from  the  productions  of  the  old  one  on  the  farm  of  Mr. 
Brainard,  as  to  have  led  to  doubts  among  collectors  whether  it 
fairly  belongs  to  the  Columbite  group. 

For  my  first  knowledge  of  the  new  variety,  I  am  indebted  to 
several  of  my  pupils  who  visited  Haddam  during  the  past  year ; 
and  particularly  to  Mr.  Charles  H.  Ames  of  the  Senior  class  in 
Amherst  College,  who  has  furnished  me  with  several  dozen 
specimens,  mostly  isolated  crystals,  from  one  ounce  in  weight, 
d!ownward.  to  that  of  a  few  grams.  They  all  occur  at  a 
single  repository,  contiguous  to  the  center  of  the  villj^e,  and 
directly  in  rear  of  the  house  of  Mr.  Nathaniel  Cook,  the  well 
known  collector  and  dealer  in  Haddam  minerals.  The  locality 
was  opened  by  explorers  for  porcelain  stone ;  but  the  feldspar 

E roving  too  ferruginous,  being  of  a  somewhat  flesh-red  color, 
as  lea  to  an  abandonment  of  the  enterprise.  Although  this 
discovery  is  a  recent  one,  it  is  not  unlikely  that  specimens  from 
the  same  spot  had  previously  found  their  way  mto  cabinets ; 
and  maj  thus  have  led  to  some  of  the  discrepancies  existing  in 
the  various  descriptions  of  the  Connecticut  columbites. 

The  general  aspect  of  the  crystals  is  rather  peculiar.  Instead 
of  flattened  prisms,  they  are  nearly  all  square  and  often, 
through  imperfection,  decidedly  rhombic.     With  the  common 
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goniometer,  many  of  them  give  angles  nearly  as  oblique  as 
pyroxene.  Nevertheless,  when  more  carefdlly  studied  by  means 
of  the  reflective  goniometer,  accompanied  by  observations  on 
the  fiwes  replacing  the  lateral  prismatic  edges,  no  essential  dis- 
tinction of  form  can  be  made  out  between  these  crystals  and 
those  of  columbite  or  of  tantalita  They  are  all  strictly  isomor- 
phous.  An  unimportant,  though  striking  peculiarity  is  ob- 
served in  these  crystals,  proceeding  from  the  unusual  develop- 
ment of  the  octahedral  faces,  whereby  they  possess  a  four- 
sided  pyramidal  summit  at  one,  or  each  extremity.  Very  rarely 
are  traces  of  the  terminal  plane  visible ;  and  when  seen,  the 
eye  or  the  common  goniometer  would  always  report  it  as 
slightly  wanting  in  verticality.  Its  smoothness  is  insufficient 
for  measuring  its  position  witn  the  reflective  goniometer. 

The  feces  of  the  crystals  t^re  wanting  in  that  high  luster  so 
frequent  in  those  from  other  localities.  In  luster,  color  and 
even  in  general  shape,  they  resemble  on  first  inspection,  the 
average  specimens  of  Elba  yenites  nearly  as  much  as  they  do 
the  ordinary  Haddam  columbite, — the  chief  exception  being, 
that  the  narrow  faces  about  the  prismatic  edges  are  bright 

No  pavonine  tints  are  seen  m  the  present  variety.  Their 
absence  is  so  marked,  not  only  on  natural  planes  but  also  on 
fractured  surfeces,  as  to  affora  a  ready  and  almost  sure  criterion 
for  distinguishing  specimens  of  this  locality  from  those  obtained 
at  the  old  one  of  Brainards,  where  every  crystal  and  almost 
every  fragment  displays  the  blue  or  yellowish  tarnish. 

The  color  of  the  fracture  is  perfectly  black  approaching 
pitchy.  It  is  more  firm,  and  less  prone  to  crumble  than  the 
ordinary  columbite.  The  fracture  is  occasionally  small  con- 
choidaL  No  distinction  in  hardness  can  be  made  out  It  is 
nevertheless  more  easily  ground  to  a  fine  powder  than  the 
usual  mineral;  and,  when  perfectly  powdered,  presents  an 
almost  black  color,  while  columbite  is  only  brownish  black. 
This  distinction  is  so  marked,  as  to  be  recognized  by  candle 
light 

But  the  most  remarkable  distinction  resides  in  its  lower 
specific  gravity,  which  may  be  said  to  be  strictly  unifomL 
Eight  examples  (varying  in  weight  from  2  to  16  grams)  gave 
6*31  as  the  averaga  Three  of  these  gave  respectively,  5*82, 
5 '34  and  5*35;  while  four  specimens  of  columoite  from  the 
Brainard  locality  gave  602,  6-08,  610  and  619,— the  average 
being  6-086. 

Its  powder,  strongly  heated  in  an  open  platinum  crucible, 
lost  only  -02  p.  c.  in  weight,  but  changed  in  color,  by  several 
shades,  to  a  brownish  black. 

Alone  before  the  blow-pij)e,  small  firagments  had  their  edges 
decidedly  rounded  by  rasion.     Treated  in  powder  in  small 
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quantity,  in  tlie  outer  flame  with  borax  on  platinum  wire,  a 
clear,  pale  yellow  globule  (while  hot)  with  feint  tinge  of  brown, 
was  obtained,  which  on  cooling  became  almost  colorless.  In 
the  interior  flame,  no  change  took  place,  except  that  of  greater 
paleness  in  the  globules.  The  addition  of  nitre  produced  the 
reaction  for  manganese. 

The  columbite  powder  from  Brainards'  gave  similar  results, 
with  the  diflference,  of  deeper  tints  to  the  glass. 

With  microcosmic  salt,  the  behavior  was  similar,  excepting 
when  the  mineral  was  added  in  excess ;  a  brownish  red  globule 
was  then  afforded. 

Heated  with  carbonate  of  soda  on  charcoal,  it  yielded,  in 
common  with  the  columbite,  minute  granules  of  tin- 
It  is  feebly,  if  at  all,  attacked  by  nydrochloric  acid ;  but  is 
perfectly  decomposed  by  heated  sulphuric  acid  The  action  is 
evinced  almost  unmediately, — the  mixture  becoming  first  jel- 
lowish,  then  greenish  yellow,  and  finally  deep  yeUow,  which 
by  the  affusion  of  water  turns  white.  The  Haddam  columbite, 
on  the  other  hand,  is  only  imperfectly  decomposed  by  the  same 
treatment  Both  minerals,  however,  are  speedilj  decomposed 
by  fusion  with  bisulphate  of  potash,*  but  with  a  marked 
difference  in  the  aspect  of  the  fused  mass ;  the  new  variety  yields 
a  honey  yellow,  transparent  glass,  while  the  columbite  gives 
one  whicn  is  grayish  white  and  opaqua 

A  portion  of  the  white  insoluble  residue  (after  decomposition 
of  mineral  with  sulphuric  acid)  on  being  treated  on  tinroil  with 
hydrochloric  acid,  instantly  produced  a  deep  Prussian  blue 
liquid  and  precipitata  On  dilution  with  water,  the  color  grew 
paler;  and,  in  half  an  hour,  even  the  sediment  had  nearly 
changed  to  a  grayish  blue. 

Another  portion  of  the  above  moist  powder  was  treated  with 
dilute  sulphuric  acid  and  a  strip  of  zinc.  The  metal  was 
instantly  coated  by  a  dark  blue  precipitate,  which  after  two 
hours  also  changed  to  ash-gray. 

The  original  sulphuric  acid  solution,  slightly  diluted  with 
water,  after  separation  from  the  insoluble  white  precipitate,  was 
boiled;  whereupon  a  considerable  white  precipitate  of  the 
metallic  acid,  (or  acids,)  was  thrown  down.  This  on  being 
heated  was  of  a  faint  yellow  color,  and  nearly  white  after 
cooling.  It  tinged  borax  pale  citron  yellow  while  hot,  but 
left  it  colorless  on  cooling;  and  gave  similar  results  with 
microcosmic  salt 

A  portion  of  the  metallic  acids  was  fiised  with  caustic  soda 
in  a  silver  crucible.  The  mass  obtained  was  dissolved  in 
water ;  and  through  the  solution  a  stream  of  carbonic  acid  was 

*  This  easy  decomposition,  which  is  the  most  strikiiig  in  the  new  varietj,  points 
also  to  the  oomparatiye  absence  of  tantalic  acid. 
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conducted  to  complete  saturation,  producing  no  precipitate, 
whereby  the  absence  of  tantalic  acid  was  inferred.* 

Analysis,  the  decomposition  being  eflfected  by  fusion  with 
potash,  gave  the  composition  as  follows : 

Metallic  acids 78-30 

Protoxyd  of  Iron 13'86 

Protoxyd  of  Manganese 1'12 

Tin  only  in  traces. 

100-28 

In  two  processes  for  the  metallic  acids,  one  by  the  decom- 
position of  the  mineral  by  sulphuric  acid,  the  other  by  potash, 
an  exact  agreement  in  specific  gravity  was  found,  viz. :  4-06 ; 
fix)m  which,  perhaps,  it  may  be  just  also  to  infer  the  absence  of 
tantalic  acid,  whose  densitv  when  pure,  though  varying  some- 
what according  to  its  mod.e  of  preparation,  averages  folly  one- 
third  higher  than  the  present  result 

Hermann  distinguishes  three  varieties  of  columbite,  viz. : 
(1)  with  gravity  above  5*9,  (2)  with  gravity  5*5  to  5*9,  and  (3) 
with  gravity  54;  but  it  is  very  doubtful  whether  an  example 
of  the  mineral  under  notice  has  ever  fallen  into  his  hands,  as 
this  locality  is  of  recent  discovery.  In  conclusion,  it  may  be 
added  that  minute  coatings  of  uranochre  were  observed  in 
patches  and  specks  upon  a  few  of  the  crystals;  though  no 
evidence  of  the  presence  of  uranium  was  afforded  in  the 
mineral  itself 

2.   Unknown  mineral  {microlite  f)  in  Haddam  columbite. 

This  mineral  I  suspect  to  be  new.  It  has  never  Mien  under 
my  notice  imtil  found  among  the  productions  of  a  recent  blast- 

*  The  following  reaotions  were  obtained  in  testing  a  solution  of  the  above  oom- 
poond  of  soda  yrVSb.  the  metallio  add;  with  protonitrate  of  mercury,  a  curdj,  dense 
precipitate  of  a  pale  yellowish  white,  which  after  fifteen  minutes  assumed  a  green 
tint:  with  oorrosive  sublimate,  no  precipitate,  but  by  slight  evaporation,  it  thick- 
ene4  u^d  by  drying,  still  farther,  a  red-brown  ozychlorid  of  mercury  was  deposit- 
ed ;  sulphate  of  soda  gave  no  precipitate,  but  sulphate  of  potash  a  feeble  one  after 
a  little  standing;  ferrocyanid  of  potassium,  no  change  at  first,  but  a  pale  yellowish 
one  afterwards;  phosphoric  add  rendered  the  solution  feebly  opaline  at  the  end  of 
two  hours:  cyanid  of  potassium  produced  immecUatelv  a  thick,  white  predpitate; 
infasion  of  nut-gaUs  no  eflfeot  until  a  drop  of  hydrochloric  add  was  added,  when  a 
thidc,  orange-red  predpitate  appeared ;  nitric  add  gave  an  abundant  predpitate 
that  did  not  dissolve  by  heating ;  hydrochloric  acidproduced  a  voluminous  pre- 
o^itate;  a  portion  of  the  solution  was  evaporated  to  ^th  its  bulk,  whereby  a  por^ 
tion  of  ibB  salt  was  thrown  down,  whidi  was  redissolved,  with  exception  of  a  uint 
opaUnity  in  the  liquid ;  nitrate  of  sOver  added  to  this  last  solution  produced  an 
abundant  pale  yellow  predpitate  that  was  redissolved  by  boiling,  a  few  drops  of 
ammonia  changed  its  color  to  brown,  a  larger  quantity  dissolved  it  entirely,  and  by 
drying  in  porcelain,  it  became  first  brown,  than  black.  The  foregoing  reactions  are 
those  heretofore  supposed  to  belong  to  the  soda  salts  of  niobium,  or  odumbiiun : 
but  it  is  probable  that  they  may  be  shared  to  some  extent  by  those  of  the  aDiea 
metal,  ifanenium. 
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ing  of  the  columlate  at  the  Brainard  loealitj.  It  occurs  very 
sparingly  (for  the  most  part  requiring  the  use  of  the  microscope 
for  its  detection),  occupying  the  sides  of  open  crevices  in  large 
crystals  of  columbite,  and  also  between  the  surfiices  of  these 
crystals  and  feldspar.  At  first,  I  was  led  to  suspect  them 
to  be  cassiterite ;  but  blow-pipe  examination  with  *  soda  on 
charcoal  only  afforded  minute  traces  of  tin-  The  high  ada- 
mantine lustre  next  suggested  zircon  and  tungsten.  The  color 
was  intermediate  between  that  of  wohlerite  and  monazite ;  but 
a  closer  examination  showed  a  wide  divergence  in  other  proper- 
ties fix)m  either  of  these  speciea 

Apparency  equilateral  triangular  planes  were  detected ;  and 
finally  portions  of  both  pyramids,  which  leave  little  doubt  that 
the  form  is  that  of  the  regular  octahedron,  especially  as  two  of 
the  solid  angles  were  each  similarly  replaced  by  four  planes, 
resting  on  the  octahedral  fisujea  To  verify  this  conjecture  of 
a  cubic  primary,  will  require  the  breakmg  up  of  the  only 
specimens  I  possess  of  the  crystals,  which  for  the  present  I 
defer  in  the  hope  of  obtaining  other  examplea  The  hardness 
is  5'  to  6 '5.  Brittle,  firacture  conchoidal,  semi-transparent  to 
translucent  Luster  of  fiiucture,  resinous ;  that  of  surface  of 
crystals,  adamantina     Streak  yellowish  white. 

Before  the  blow-pipe,  infdsibla  AAer  long  heating,  it  loses 
its  brown  tint,  and  while  still  hot,  assumes  a  feeUe  citron 
yellow  color,  which  becomes  paler  on  cooling,  when  it  is  seen 
to  have  lost  much  of  its  luster,  and  is  also  less  translucent 
With  microcosmic  salt  in  the  outer  flame,  it  slowly  dissolves 
into  a  perfectly  colorless,  transparent  glass ;  but  in  the  interior 
flame,  it  becomes,  while  warm,  slightly  milky  with  a  tinge  of 
blue.  An  intermittent  flame  produced  the  same  transparency 
and  tinge  of  blua  Long  contmued  heatii^  produced  no  trace 
of  brown,  violet,  amethyst  or  yellow.  The  addition  of  tin 
gjive  a  bluish  white  semi-opaque  pearl 

It  approaches  most  nearly  to  the  microlite,  but  differs  fixjm  it 
in  the  aosence  of  all  cleavages  as  well  as  in  luster  and  in  its 
behavior  before  the  blow-pipe.  Its  mode  of  occurrence  and 
properties  lead  to  the  suspicion  of  its  being  chiefly,  if  not 
wholly,  composed  of  (me  of  the  metallic  acids  of  the  oolumbium 

Soup.  The  microlite,  though  occurring  within  a  few  yards  of 
e  columbite  at  Ohesterflela  and  in  the  same  ledge  of  granite, 
was  never  seen  associated  with  this  spedies,  but  invariably  pre- 
sents itsdf  either  in  the  albite  or  crystals  of  tourmaline,  wnile 
the  present  mineral  at  Haddam  occurs  solely  in,  or  upon,  the 
oolumbite. 

8.  Nev)  localUy  of  jBismuihme  cmd  Bismutite  in  Bcddam, 

About  thirty  years  since  I  pointed  out  the  existence  of  botb 
these  species  and  a  third  bismuthic  minenO,  tiie  bismucone,  as 
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existinff  together  in  small  quantity,  associated  with  chiysoberyl, 
yellow  beryl,  columbite,  garnet  and  a  zircon  mineral  which  I 
afterwards  called  calyptolite.  Mr.  Ames  has  lately  procured 
for  me  large  crystalnne  masses  of  bismuthine,  more  or  less 
coated  by  bismutite,  from  a  quarryman  who  had  discovered 
them  on  the  iolite  hill,  situated  about  one  mile  to  the  southwest 
of  the  meeting-house.  They  had  apparently  formed  a  narrow 
seam  in  the  common  orthoclase  granite,  which  had  been  opened 
with  a  view  to  working  as  a  porcelain-feldspar  quarry.  One  of 
the  specimens  weighs  about  half  a  pound;  and  constitutes  a 
deeply  striated  or  channeled  crystal  The  mineral  was  supposed 
to  be  molybdenite.  Examined  before  the  blow-pipe,  it  affords 
no  indications  either  of  tellurium  or  selenium. 

^  On  the  metallic  acid  in  Mtcrolite. 

It  having  been  suggested  by  Prof  Brush,  from  blow-pipe 
experiments*  and  the  mgher  percentage  of  the  metallic  acia  m 
this  mineral,  that  it  is  the  tantalic  instead  of  the  columbic,  I 
made  the  following  experiments  upon  two  small  crystals  whose 
weight  together  was  0*360  gram.  It  was  decomposed  by 
fusion  with  bisulphate  of  potash,  cold  water  dissolved  the  mass, 
which  afterwards  deposited  a  white  granular  precipitate,  the 
clear  supernatant  liquid  not  showing  even  an  opaline  tendency 
on  ebulition.  The  white  precipitate  after  ignition  gave  72-80 
p.  c.  for  the  metallic  acid.  It  evinced  scarcely  the  slightest 
yellow  tint  when  hot ;  and  when  cold,  was  perfectly  white. 

A  portion  of  it  gave  with  microcosmic  salt,  a  perfectly  clear 
glass,  which  showed  only  a  faint  yellowish  tince  while  hot 
The  addition  of  sulphate  of  iron  produced  a  blood  red  tint 
when  heated  in  the  inner  flame;  on  cooling,  it  changed  to 
dirty  yellow.  With  borax,  it  dissolves  almost  without  color, 
being  only  a  faint  greenish  yellow  ;  but  the  globule  inclines  to 
opacity.    No  tinge  of  violet  or  pink  is  visible. 

Fused  with  soda,  the  metallic  acid  afforded  a  bluish  gray 
mass.  The  excess  of  alkali  being  removed  by  cold  water,  the 
addition  of  more  water  took  up  the  residuum.  A  portion  of 
this  solution  on  being  acidulated  with  hydrochloric  acid,  and 
afterwards  treated  with  solution  of  nutgalls,  gave  a  very  yellow 
orange  precipitate,  quite  different  from  that  produced  by  colum- 
bic acia,  which  when  contrasted  therewith  was  seen  to  have  a 
deep  reddish  tintf  as  compared  with  columbic  acid. 

The  chief  portion  of  the  sodio  solution  was  then  super- 
aatorated  with  carbonic  acid,  and  gave    rise    to  a   dedded 

*  Daim'8  Mineralogj,  p.  614. 

f  Thefe  wae  a  want  of  oorrospondenoe  also  in  tbe  leaotiaiB  of  tiie  metallic  acid 
and  soda  compound,  with  nitrate  of  diver,  nitrate  of  BierooTy,  oonosive  eobfimate 
and  ferrocyanid  of  potassium. 
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precipitata  From  the  forgoing  results,  it  would  seem  little 
doubt  remains  that  microlite  is  a  tantalate  rather  than  a  colum- 
bate  of  lima 

5.  Bedondtte. 

I  have  examined  still  farther  the  hydrous  phosphate  of 
alumina  and  iron  described  by  me  in  a  previous  number  of 
this  Journal  (voL  xlvii,  p.  338),  as  occurring  so  abundantly  in 
the  island  of  Eedonda,  W.  L,  and  am  now  of  the  opinion  that 
it  constitutes  a  species  distinct  from  barrandite,  from  which  it 
differs  in  several  particulars,  and  essentially  in  specific  gravity. 
Barrandite  has  gr. =2-576.  Redondite  gives  gr.=2'019,  which 
may  be  presumed  to  be  a  little  too  high,  as  the  three  examples 
used  in  the  determination  were  found  on  analysis  to  give  8*8 
p.  c.  of  silica. 

The  phosphoric  acid  was  determined  on  the  same  specimens 
by  the  molybdate  of  ammonia  process;  and  amounted  to 
40192  p.  a  But  as  the  silica  (8*8  p.  c.)  was  obviously  acci- 
dental, the  proportion  of  phosphoric  acid  in  the  pure  mineral 
will  stand  at  4407  p.  c.     The  water  is  24*73  p.  c 

6.  PhospJiortc  acid  in  the  Diaspore  of  Chester,  Mass. 

Heermann  having  found  phosphoric  acid  in  the  diaspores  of 
several  localities,  I  thought  it  worth  while  to  analyze  a  good 
crystal  of  this  mineral  from  Chester.  It  was  semi-transparent 
and  of  a  rich  hair-brown  color  with  a  faint  tin^e  of  violet 
Sp.  gr.=3'343.  The  phosphoric  acid  was  determmed  by  the 
molybdate  of  ammoma.     I  obtained 

Water, 16-80 

Phosphoric  acid, 0-32 

Protoxyds  iron,  with  traces  of  man^nese 0*38 

Alumina  not  determined ;  but  by  dmerence...83*50 

100-00 

7.  ThePelham  Vermiculitet 

It  occurred  to  me  as  possibly  interesting  to  make  some 
chemical  examination  of  this  rather  curious  exfoliating  mica, 
described  by  Mr.  Adams  in  a  late  number  of  this  journal  (vol 
xlix,  p.  271).  It  is  very  abundant,  and  to  the  eye  apparently 
as  homogeneous  as  other  softened  micas. 

It  loses  on  an  average  7  p.  a  of  water  by  ignition.  By  diges- 
tion in  hot  aqua  regia,  half  its  weight  comes^  into  solution, 
leaving  behind  50  p.  c.  of  minute,  colorless  scales,  closelj 
resembling  niargario  acid.  They  are  so  remarkable  for  their 
uniformity  oi  size,  freedom  from  color,  and  pearly  luster,  as 
scarcely  to  suggest  their  inorganic  composition.  Under  the 
microscope,  however,  they  very  nearly  give  the  distinct  lateral 
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cleavage  lines  of  mica ;  nor  have  they  the  perfect  elasticity  of 
a  true  mica.  They  show  no  tendency  to  ferther  exfoliation 
when  heated ;  before  the  blow-pipe  they  melt  with  difficulty 
on  the  edges  into  a  colorless  glass.  Prof  DesCloizeaux  was 
kind  enough  to  examine  some  of  these  scales  optically ;  and 
found  them  to  be  uniaxial,  from  whence  it  is  probable  that 
they  belong  to  the  species  biotite. 

The  solution  in  aqua  regia  afforded  the  following  result  in 
reference  to  100  parts  of  the  dissolved  material 

Alumina 1400 

Magnesia 13-68 

Peroxydof  iron 3200 

Silica 24-00 

No  search  was  made  for  alkalies ;  but  from  the  result  obtained 
it  is  apparent  that  the  magnesia  in  part  explains  the  use  made 
by  the  farmers  of  this  material  for  a  fertilizer,  as  described  by 
Mr.  Adams. 

The  point,  however,  which  most  interested  me  was  the  dis- 
covery thus  accidentally  made  of  the  cause  of  the  worm-like 
exfoliation  in  the  mineral,  viz :  from  the  coatinff  of  the  mica 
scales  with  a  hydrated,  argillaceous  mixture,  wnich  probably 
owes  its  origin  to  the  decomposition  of  some  other  species  of  the 
micaceous  or  chloritic  fiunily.  In  subjecting  a  fra^ent  of  the 
vermiculite  of  Millbury,  Mass.,  to  a  similar  action  of  aqua  regia, 
the  result  was  an  abundance  of  brilliant  green  scales,  probably 
belonmig  to  the  species  ripidolite.  It  may  therefore  be  sug- 
gested, that  many  earthy  species  of  minerals  (silicates)  will  under 
analogous  treatment  be  found  to  be  less  homogeneous  than  has 
been  supposed. 

Amherst^  Maj  7, 1870. 


Abt.  Xm. — Notice  of  a  new  Species  of  Gaviaijrom  the  Eocene 
of  New  Jersey ;  by  Professor  0.  C.  Mjlbsh,  of  Y  ale  OoUega 

The  Museum  of  Tale  College  has  recently  received  some 
interesting  reptilian  remains  from  the  Eocene  ^reensand  of  New 
Jersey,  which  indicate  a  new  species  of  Gbvial,  considerably 
smaller  than  any  Crocodilian  neretofore  discovered.  These 
specimens,  which  were  found  together,  and  are  evidently  parts 
of  the  same  skeleton,  consist  of  various  fingments  of  the  skull, 
and  ten  vertebrae.  The  codssification  of  the  neural  arches  of 
the  vertebrae,  and  the  almost  entire  obliteration  in  some  of  them 
of  the  sutures,  would  imply  that  the  individual,  although 
diminutive,  was  nearly  or  quite  mature. 
Ail  Joub.  Scl—Ssoond  Sbbibs,  Vou  L,  No.  148.— July,  187a 
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The  few  portions  of  the  ekxill  preserved  are  sufficiently  char- 
acteristic to  show  that  the  animal  had  an  elongated  muzzle,  and 
that  the  upper  and  posterior  parte  of  the  head  were  of  the  gavial 
tjrpa  The  form  oi  the  parietal  bone  indicates,  moreover,  that 
the  temporal  apertures  were  large,  and  near  together,  with  their 
adjoining  sides  nearly  vertical  The  quadrates  are  elongate, 
unusuaUy  straight  on  the  inner  side,  and  their  condylar  sur- 
feces  deeply  and  obliquely  notched.  The  pneumatic  foramen^ 
on  the  upper  surface  of  the  quadrate  near  the  inner  edge,  is 
verjr  large,  and  characteristic.  The  teeth  of  this  specimen  were 
unK)rtunately  not  secured 

The  vertebrae  are  well  preserved,  and  present  marked  char- 
acters. The  articular  cup  is  transversely  oval  in  the  cervicals 
and  anterior  dorsals,  and  has  its  upper  mai^n  depressed  in  the 

Posterior  dorsals.  The  hypapophyses  are  simple  and  elongate, 
'he  neural  canal  of  the  cervical  and  anterior  dorsal  series  is 
transverse,  and  sub-rectangular  in  outline,  and  the  floor  unusu- 
allv  broad  and  flat  In  the  posterior  dors^  the  canal,  although 
still  transverse,  becomes  less  rectangular,  with  the  broader  por- 
tion above. 

The  principal  dimensions  of  the  tenth,  or  first  dorsal,  tCTtebra 
are  as  follows : — 

Length  of  centrum,        -        -  -        -        15*    lineR 
Transverse  diameter  of  cup,        -        -        -     8*76    " 

Vertical  diameter  of  cup,        -  -        -  7*        " 

Width  of  neural  canal,  m  front,  -        -     6*        " 

Height  of  neural  canal,  in  front,  -        -  8*50    " 

The  species  here  described  may  perhaps  prove  to  be  generi- 
cally  identical  with  the  one  namea  by  the  writer  Thecachampsa 
Sqiumkensis,  which  is  the  only  Crocoaiiian  hitherto  found  in  the 
Eocene  of  New  Jersey.  The  genus  Thecachampsa^  however,  as 
proposed  by  Prof  Cope,  cannot  vet  be  r^arded  as  a  vaHd  one, 
since  the  concentric  structure  oi  the  dentine,  on  which  it  was 
founded,*  is  not  a  character  of  generic  importance ;  for  it  occurs 
in  various  other  Crocodilians,  and  also  in  some  of  the  Cetacea. 
The  present  remains,  therefore,  may  be  placed  provisionally  in 
the  genus  Cfavtaiis,  and  the  species  be  called  Qavialis  minor. 
It  may  readily  be  distinguishea  from  Thecachampsa  Sjuankensis, 
aside  fix>m  its  greatly  inferior  size,  by  the  posterior  dorsal 
vertebrflB,  which  have  the  cup  and  neural  canal  transverse, 
instead  of  vertical,  and  especially  by  having  the  bodies  of  these 
vertebrflB  proportionally  more  elongate,  and  witiiout  Ae 
remarkable  constriction,  which  is  one  of  the  most  striking 
characters  of  the  latter  speciei^. 

*  Prooeedings  Philadelphia  Acad.  Nat  Sdenoes,  1867,  p.  143. 
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The  present  specimens  indicate  that  the  animal  to  which  they 
belonged  was  quite  slender,  and  about  six  feet  in  lengtL  They 
were  found  by  Hugh  Hurley,  Esq.,  in  the  Eocene  ffreensand 
of  Shark  River,  Monmouth  county.  New  Jersey,  and  by  him 
presented  to  the  Museum  of  Yale  College. 

New  Haven,  Conn.,  June  10th,  1870.  , 


Art.  XIV. — On  Hydrogenium-amatgam ;  by  O.  LoEW,  of  the 
Collie  of  the  City  of  New  York.* 

When  zinc-amalgam  is  shaken  with  water,  a  slow  decompo- 
sition of  the  latter  takes  place,  recognized  by  the  formation  of 
flocculi  ol  hydrated  oxyd  of  zinc,  and  the  evolution  of  small 
bubbles  of  hydrogen  on  allowing  the  mixture  to  stand  for  a 
time.  This  decomposition  of  water  by  zinc  is  intensified  when 
a  small  quantity  oi  bichlorid  of  platinum  is  present ;  a  spongy  * 
body  then  being  formed  on  the  surfi^e  of  the  zinc-amalgam. 
This  body  I  have  found  to  be  an  alloy  of  hydrogenium  and 
mercury. 

In  order  to  obtain  the  hydrogenium-amalgam  on  a  larger  scale, 
zinc-amalgam  containing  a  few  per  cents  of  zincf  is  shaken 
thoroughly  with  about  an  equal  volume  of  a  solution  of  bi- 
chlorid of  platinum  containing  about  10  per  cent  of  the  chlorid, 
care  being  taken  to  keep  the  mixture  cooL  The  zinc-amalgam 
swells  up  considerably,  precisely  as  in  the  ammonium-amalgam 
experiment,  and  contmues  to  evolve  hydrogen  till  the  decompo- 
sition of  the  amalgam  is  completa  I  have  found  that  the  vol- 
ume of  the  hydrogen  thus  aeveloped  was,  in  several  experi- 
ments from  100  to  150  times  that  of  the  mercury  employed. 
This  hydrogen  possesses  a  faint  but  peculiar  odor. 

When  this  amalgam  of  hydrpcemum  (prepared  with  about 
5  per  c6nt  of  zinc^  is  pressed  directly  after  its  preparation, 
between  sheets  of  filtering  paper  and  then  spread  out  in  a  layer 
(not  too  thin)  to  the  air,  l£e  temperature  soon  rises  considerably, 
and  vapors  of  water  are  formed,  which  may  be  condensed  in  a 

glass  receiver.  The  finely  divided  platinum  present  is  obviously 
lie  cause  of  this  rapid  oxydation  of  the  hycfrogenium.  In  this 
action  of  platinic  chlorid  upon  zinc-amalgam  oxychlorid  of  zinc 
is  at  the  same  time  formed;  and  though  this  may  be  removed 
by  means  of  hydrochloric  acid,  yet  by  this  treatment  a  part  of 
the  hydrogenium-amalgam  is  aestroyed.    Ji,  after  this,  it  be 

*  Read  before  the  Lyoemn  of  Natoral  History,  Ohemical  Section,  Apr.  11. 

f  A  dnc-amalffam  ooataining  more  than  6  per  cent  of  sine  is  a  solid,  and  in  this 
state,  is  not  well  fitted  for  use.  mongh  it  would  doubtless  produce  more  hydrogenium 
in  the  amalgam.  A  zino-amalgam  of  6  per  cent  is  readily  Uquifled  at  a  moderate 
heat  and  should  then  be  inmiediately  used. 
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washed  with  water,  it  undergoes  a  very  slow  decomposition, 
the  volume  increases  and  buboles  of  hydrogen  escape  through 
the  water  above.  An  addition  of  zinc-amalgam  or  sodium- 
amalgam  greatly  accelerates  the  decomposition  of  the  hydro- 
genium-amalgam. 

Platinum  after  perfect  amalgamation  does  not  act  as  energeti- 
cally as  in  its  nascent  state;  i.  e.,  when  precipitated  on  the 
amalgam.  When  platinum-amalgam  is  mixed  with  zinc-amal- 
gam the  decomposition  of  the  water  by  zinc  is  extremely 
slow  and  the  hydrogenium-amalgam  does  not  appear  for  some 
tima  Under  certain  conditions  moreover,  the  hydrogenium- 
amalgam  is  formed  without  the  aid  of  platinic  chlorid.  I  had 
at  one  time  about  twenty  pounds  of  mercury  containing  zinc, 
which  was  left  standing  in  a  bottle  with  water  for  J;hree  weeks  ; 
the  hydrogenium-amalgam  formed  on  the  surlBsice  of  the  mer- 
cury, gradually  decomposing  above  and  being  renewed  fix)m 
below. 

Graham  compares  hydrogenium  to  the  active  modijScation  of 
oxygen,  and  no  doubt  there  is  much  analogy  between  them. 
We  may  distinguish  three  modifications  of  hydrogen ;  namely, 
(1)  common  nascent  hydrogen  formed  by  t^e  action  of  sodium- 
amalgam  on  water,  or  by  that  of  zinc  and  hydrochloric  acid ;  it 
has  a  strong  reducing  power  but  cannot  form  hydrogenium- 
amalgam  ;  (2)  common  gaseous  hydrogen  which  has  at  common 
temperatures  only  a  very  weak  reaucing  power;  and  (3)  hydro- 
genium. There  are  reasons  for  believing  that  these  differences 
may  be  expressed  by  the  following  formula© : 


Antozone 
a  oxygon. 

[H] 

Common  nascent  or 
a  hydrogen. 

[00] 

Common  oxygen 
P  oxygen. 

[HH] 

Common  gaseous  or 
/3  hydrogen. 

[00]0 

Ozone 
y  oxygen. 

[HH]H 

Hydrogenium 
y  hydrogen. 

Art.  XV.  —  The  Brachiopoda,   a  Division  of  Annelida;*    by 
Edward  S.  Morsk 

At  a  meeting  of  the  Boston  Society  of  Natural  History, 
June  1st,  1870,  Sir.  Edward  S.  Morse  made  a  verbal  communi- 
cation on  the  position  of  the  Brachiopoda  in  the  animal  king- 
dom. He  referred  to  the  branch  of  Mollusca  as  it  was  under- 
stood forty  years  ago,  when  misled  by  external  characters,  many 
worms,  liKe  SerptUa  and  Spirorbis,  and  a  group  of  Crustaceans, 
the  Cirripedia,  were  included  with  mollusks,  and  that  from  a 
proper  recognition  of  their  characters  these  diverse  forms  had 
*  Abstract  from  Proceedings  Boston  Society  Natural  History. 
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been  eliminated  fix)m  time  to  time,  and  referred  to  their  proper 
branches.  After  long  and  careful  study  Mr.  Morse  was  pre- 
pared to  state  that  the  Brachiopods  were  true  Articulates,  and  not 
MoUusks,  and  that  their  proper  place  was  among  the  worms, 
forming  a  group  near  the  tubicolous  Annelids. 

He  stated  that  for  the  past  year  he  had  been  deeply  engaged 
in  the  study  of  the  Brachiopoda,  and  more  particularly  their 
early  stages.  Beside  material  from  the  coast  of  New  England, 
he  had  had,  through  the  kindness  of  Prof  A.  E.  Verrill,  a  large 
lot  of  Discina  from  Callao,  Peru,  belonging  to  the  Yale  Col- 
lege Museum.  Prom  these  he  had  studied  their  early  sages, 
but  as  he  had  in  preparation  a  memoir  upon  the  subiect,  he 
would  now  confine  himself  to  the  considerations  that  follow. 

He  first  spoke  of  the  structure  and  composition  of  the  Brach- 
iopod  shell,  and  pointed  out  the  relations  between  the  coecal 
prolongations  of  the  mantle  in  TerArcUula  and  a  similar  struc- 
ture in  the  test  of  Crustacea.  He  had  also  noticed  a  marked  re- 
semblance between  the  polygonal  cells  in  the  shell  of  a  young 
Discina,  and  a  similar  feature  in  certain  lower  Crustaceans. 
The  scale-like  structure  of  the  test  of  Idotaea,  resembled  the 
scale-like  structure  of  Lingula.  The  skin  of  Nereis  had  similar 
^punctures  or  dots,  as  seen  in  Terebratula  and  also  in  the  pedun- 
cle of  Lingtda.  He  had  submitted  the  shell  of  Discina  to 
chemical  tests  and  believed  it  to  be  chitinous.  Gratiolet  had 
already  given  the  chemical  analysis  of  Lingula  anatina  and 
found  forty  two  per  cent  of  phosphate  of  lime,  and  only  six 
per  cent  of  carbonate  of  lima  The  position  of  the  valves  of 
all  Brachiopoda  were  dorsal  and  ventral,  and  this  was  a  stronff 
articulate  cnaracter  to  be  compared  to  the  dorsal  and  ventral 
plates  of  the  Articulates.  The  nomy  setae  that  fringe  the  man- 
tle of  Brachiopods  was  a  feature  entirely  absent  in  the  Mol- 
lusca,  and  peculiar  to  the  worms. 

The  bristles  of  worms  difier  from  those  of  other  articulate 
animals  in  having  sheaths  containing  muscular  fiber,  while  in 
other  Articulates,  the  hairs  were  simply  tubular  prolongations  of 
the  epidermal  layer.  In  Brachiopods  the  setae  or  bristles  were  se- 
'  creted  by  follicles  imbedded,  or  surrounded  by  muscular  fibers, 
and  were  moved  freely  by  the  animaL  In  the  structure  of  the 
setae  he  found  an  identity  with  that  of  the  worms.  He  then 
called  attention  to  the  resemblance  between  the  lophophore  of 
the  Brachiopods  and  a  similar  structure  in  the  tubicolous  worms. 
In  Sahella  the  cephalic  collar  was  split  laterally,  and  a  portion 
of  it  reflected.  Let  this  collar  be  developed  so  as  to  cover  the 
fringed  arms,  and  a  representation  of  the  mantle  of  Brachiopoda 
womd  be  attained.  The  thin  and  muscular  visceral  walls 
suggest  similar  parts  in  the  worms.  The  circulating  system  he 
haa  not  sufficiently  studied,  though  Dr.  Gratiolet  had  stated 
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that  in  this  respect  there  was  a  strong  resemblance  to  the  Crus- 
tacea. 

In  regard  to  the  respiratory  system,  Burmeister  had  shown 
that  there  was  a  resemblance  between  the  soft  folds  or  lamell», 
developed  on  the  internal  surfisice  of  the  mantle  of  Balanidotj 
and  similar  features  in  Lingula;  though  the  existence  of  these 
folds  in  LingyJa  had  been  Questioned,  he  would  presently  show 
that  Vogt  was  rieht  in  his  observations.  In  regard  to  the  repro- 
ductive system,  he  called  attention  to  the  fact  that  in  one  group 
of  Cirripeds  the  ovaries  were  lodged  in  the  upper  sur&ce  of  the 
peduncle,  while  in  another  group  the  same  parts  were  lodged  in 
the  mantla  A  similar  condition  existed  in  the  Brachiopods 
where  in  one  group  the  mantle  holds  the  ovaries,  while  in  another 
group  they  are  foxmd  in  the  visceral  cavitj. 

Through  Polyzoa  also  he  showed  that,  m  their  winter  ^gs  or 
statoblasts,  a  relation  was  seen  to  the  ephippia  of  Daphnia^  and 
the  winter  eggs  of  Rotifers. 

Of  great  importance  also,  and  upon  which  he  laid  particular 
weight,  were  the  peculiar  oviducts  with  their  trumpet-shaped 
openings  so  unlike  the  oviducts  of  mollusks,  and  as  he  beheved, 
bearing  the  closest  affinity  to  the  oviducts  in  many  of  the 
worms,  namely :  a  pair  of  tubes,  and  in  one  case  two  pairs,  hav-^ 
ing  their  inner  apertures  with  flaring  mouths,  suspended  in  the 
visceral  cavity,  thus  opening  a  direct  communication  between 
the  visceral  fluids  and  the  surrounding  media.  He  then  called 
attention  to  what  little  information  we  had  regarding  the  em- 
bryology of  the  Brachiopods.  Lacaze  Duthiers  had  snown  that 
in  Thecidium  the  embryo  was  composed  of  four  s^ments  with 
eye-spots  and  other  strong  articulate  features.  Fritz  MiiUer  had 
given  a  description,  with  figures,  of  the  early  stage  of  DiscinOj 
in  which  we  have  not  only  little  cirri  projecting  from  the  shell, 
but  a  little  appendage  recalling  the  plug  or  operculum  in  some 
of  the  tubicuious  worms. 

Of  great  importance  also  was  the  fact  that  in  the  early  stage 
of  Disdnaj  Miiller  observed  large  bristles,  and  these  were  moved 
fi-eely  by  the  animal  Smitt  had  shown  that  in  certain  Polyzoa 
{Lepralia)  the  embryo,  besides  being  furnished  with  cilia,  also 
supported  several  bristles  or  setae  wnich  were  locomotive,  and 
finally  in  the  worms,  ClaparMe  and  Mecznikow  had  figured  an 
embryo  of  Nerine  in  which  barbed  bristles  were  also  developed. 
Mr.  Morse  referred  to  his  communication  before  the  Amencan 
Association  for  the  Advancement  of  Science  on  the  early  stages 
of  the  Brachiopods,  in  which  he  had  shown  the  intimate  connec- 
tions existing  between  this  group  and  the  Polyzoa.  Now  Leuck- 
art  had  already  seen  reasons  for  placing  the  Polyzoa  with  the 
Annelids,  and  he  would  call  attention  to  Creplna  gracilis  and 
Phorronis  hippocrqpia^  admitted  to  be  worms  or  early  stages  of 


Digitized  by  VjOOQ  IC 


E.  &  Morse — Brachiopoda  a  division  of  Annelida.        108 

them,  and  their  close  resemblance  in  nearly  every  point  of  their 
structure  to  the  hippocrepian  Polyzoa.  Mr.  Morse  then  stated 
that  in  the  evidence  already  given,  he  had  drawn  his  conclu- 
sions from  alcoholic  specimens  of  Terebratula  and  Disdna,  and 
from  the  papers  of  Lacaze-Duthiers,  Claparfede,  Mecznikow, 
Hancock,  Huxley,  Vogt,  Hyatt,  Williams,  De  Morgan  and  oth- 
ers. He  felt  the  importance  of  first  examining  Lingula  in  a 
living  condition  before  making  these  announcements  and  for 
this  reason  he  had  recently  visited  the  coast  of  North  Carolina 
for  the  express  purpose  of  finding  if  possible  the  rare  Lmgula 
pyramidata  of  Stimpson,  first  discovered  by  Prof  Agassiz  in 
South  Carolina.  After  nearly  a  week's  firuitless  search  he  had 
found  it,  had  studied  it  alive,  and  had  brought  with  him  living 
examples,  which  he  has  the  pleasure  of  e^biting  before  the 
Society. 

He  would  here  exm-ess  his  deep  sense  of  gratitude  to  Dr.  El- 
liott Coues,  Surgeon  tJ.  S.  A.  at  Fort  Macon,  JN.  C,  and  the  Com- 
mandant of  the  Post,  Major  Joseph  Stewart,  U.  S.  A.,  for  the 
constant  aid  and  sympathy  rendered  to  Dr.  A.  S.  Packard  and 
himself  during  their  visit  there.  He  would  not  enter  into  a 
description  of  Lingula  as  he  had  already  in  preparation  a  me- 
moir upon  the  subject,  but  woxild  call  attention  simply  to  the 
additional  evidence  in  support  of  the  views  advanced 

Lingula  was  found  in  a  sand  shoal  at  lowwater  mark,  buried 
just  below  the  surface  of  the  sand.  The  peduncle  was  six  times 
the  length  of  the  shell,  and  was  encased  in  a  sand  tube  differing 
in  no  respect  fix)m  the  sand  tubes  of  neighboring  annelida  In 
many  instances  the  peduncle  was  broken  in  sifting  them  from 
the  sand,  yet  the  wound  was  quickly  repaired,  and  another  sand 
case  was  formed. 


Pig.  1.  Pedande  perfect,  retaining  portion  of  sand  tube. 

Fig.  i.  Showing  valves  in  motion ;  peduncle  broken  and  forming  new  sand-case. 

Fig.  3.  Peduncle  broken  dose  to  ^e  body,  and  forming  new  sand-case. 

He  observed  that  Lingula  had  the  power  of  moving  over  the 
sand  by  the  sliding  motion  of  the  two  valves,  using  at  the  same 
time  the  fringes  of  setaa  which  swung  promptly  back  and  forth 
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like  a  galley  of  oars,  leaving  a  peculiar  track  in  the  sand.  In 
the  motion  of  the  setae  he  noticed  the  impulse  commencing 
fix)m  behind  and  running  forward. 

Within  the  mantle  he  found  a  series  of  rows  of  prominent 
lamellae  in  which  the  blood  rapidly  circulated,  thus  confirming 
the  correctness  of  Vogt's  observations.  These  lamellae  were 
contractile,  however. 

The  peduncle  was  hollow,  and  the  blood  could  be  seen  cours- 
ing bacK  and  forth  in  its  channel  It  was  distinctly  and  regu- 
larly constricted  or  ringed,  and  presented  a  remarkably  worm- 
like appearanca  It  had  layers  of  circular  and  longitudinal 
muscular  fiber,  and  coiled  itself  in  numerous  folds  or  unwound 
at  full  length.  It  was  contractile  also,  and  would  quickly  jerk 
the  body  beneath  the  sand.  But  the  most  startling  observation 
in  connection  with  this  interesting  animal,  was  the  fiwt  that  its 
blood  was  red.  This  was  strongly  marked  in  the  gills  and  va- 
rious ramifications  of  the  mantle  and  in  the  peduncla  At  times 
the  peduncle  would  become  congested  and  then  a  deep  rose 
blush  was  markedly  distinct  Mr.  Morse  expressed  his  gratifi- 
cation in  having  come  to  the  conclusions  in  regard  to  the  anne- 
lidan  characters  of  Brachiopods  a  long  time  previous  to  his  ob- 
servations on  Lingula. 

He  then  concluded  by  stating  that  the  Brachiopods,  with  the 
Polyzoa,  should  be  removed  fix)m  the  Mollusca,  and  placed  with 
the  Articulates  among  the  Annelids.  That  the  Brachiopods 
came  near  the  tubiculous  worms,  though  they  were  much  more 
highly  cephalized.  That  they  exhibit  certain  crustacean  char- 
acters, but  were  widely  removed  from  the  Mollusca  unless  a  re- 
lation could  be  traced  through  the  homologues  of  the  Polyzoa 
to  that  aberrant  group  the  Tiinicates,  as  pointed  out  by  All- 
man.  He  believed  the  Brachiopods  to  oe  a  comprehensive 
type,  exhibiting  general  articulate  features,  and  forming  an- 
other example  of  those  groups  belonging  to  the  last  that  ex- 
hibit the  characters  of  two  or  more  classes  combined 

It  was  interesting  in  this  connection  to  remark  that  Lingula, 
one  of  the  earliest  forms  created,  had  yet  remained  the  same 
through  all  ages  of  the  earth's  history. 


A  New  Comet. — Winnecke  discovered  a  new  telescopic  comet 
at  Carlsruhe  on  the  night  of  the  29-30  of  May.  The  position  ob- 
tained by  him  for  May  30,  is  as  follows :  M.  T.  at  C.  U^  IS"*  34*. 
R.  A.  0^  60"»  9-55».  Decl-f  28°  62'  18".  Vogel  found  for  the  same 
comet  at  the  Leipsic  observatory,  M.  T.  at  Leipsio  13*^  2""  28*5% 
R.  A.  0^  6(J^  4-09».  Decl.  -f-28°  63'  17-4«.  We  would  call  the  atten- 
tion of  American  astronomers  to  the  prizes  for  the  discovery  of 
comets  offered  by  the  Austrian  Academy,  (See  this  Jour.,  voL 
xlix,  p.  442). 
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SCIENTIFIC  INTELLIGENCE. 

I.   PHYSICS  AND  CHEMISTRY. 

1.  On  the  emission^  absorption  and  reflexion  of  varieties  of 
heat  radiated  at  low  temperatures, — Magnus  has  communicated  an 
interesting  and  valuable  paper  on  the  heat  radiated  at  low  tempe- 
ratures, and  on  the  absorption  and  reflexion  of  such  rays.  The 
results  of  this  investigation, — ^the  last  we  suppose  made  by  the 
lamented  author, — are  so  far  as  published,  in  his  own  words  as  fol- 
lows: 

(1.)  Different  bodies  at  150°  C.  radiate  different  kinds  of  heat. 
These  kinds  of  heat  are  more  absorbed  by  a  substance  of  the  same 
kind,  as  the  radiating  body,  than  by  others,  and  this  absorption 
increases  with  the  thickness  of  the  absorbent. 

(2.)  There  are  substances  which  emit  only  one  or  a  few  kinds  of 
heat,  others,  which  emit  many  kinds. 

(3.)  To  the  first  of  these  belongs  rocksalt  when  quite  pure. 
Just  as  its  ignited  vapor,  or  that  of  one  of  its  constituents,  sodium, 
radiates  but  one  color,  so  rocksalt,  even  at  a  low  temperature, 
emits  but  one  kind  of  heat  It  is  monothermic,  as  its  vapor  is 
monochromatic. 

(4.)  Rocksalt  even  when  cjuite  clear  emits,  together  with  its  pe- 
culiar rocksalt-heat,  heat  which  is  not  more  absorbed  by  a  plate  of 
rocksalt  80™"*  in  thickness  than  by  one  20""  in  thickness. 

(6.)  Rocksalt  absorbs  very  powerfully  the  heat  which  it  radi- 
ates. It  therefore  does  not,  as  Melloni  supposed,  allow  all  kinds  of 
heat  to  pass  through  it  with  equal  facility. 

(6.)  The  great  mathermancy  of  rocksalt  does  not  depend  upon 
its  less  power  of  absorption  for  different  kinds  of  heat,  but  upon 
the  fact  that  it  radiates  only  one  kind  of  heat,  and  consequently 
absorbs  only  this  one,  and  that  almost  all  other  substances  send 
out  heat  containing  only  a  small  fraction  or  none  of  the  rays  which 
rocksalt  emits.  But  all  rays  which  differ  from  those  radiated  by 
any  substance,  are  not  absorbed  by  it,  but  pass  through  with  un- 
diminished intensity. 

From  this  we  may  infer  that  every  substance  is  diathermanous, 
only  because  it  radiates  but  few  waves  of  quite  definite  length, 
and  consequently  absorbs  only  these,  allowing  all  the  others  to 
pass  through. 

(7.)  Sylvin  behaves  like  rocksalt,  but  is  not  monothermic  to  the 
same  extent.  In  the  case  of  this  substance  also  an  analogy  exists 
with  its  ignited  vapors,  or  those  of  potassium,  which  as  is  well 
known  yield  a  nearly  continuous  spectrum. 

(8.)  Fluor  spar  completely  absorbs  pure  rocksalt  heat.  We 
ought  therefore  to  expect  that  the  heat  which  it  emits  will  be 
equally  absorbed  by  rocksalt.  Nevertheless  70  per  cent  of  this 
heat  pass  through  a  rocksalt  plate  20""  in  thickness.  This  may 
doubtless  be  easily  explained  with  reference  to  the  jproportion  of 
the  quantity  of  heat  which  fluorspar  emits  in  comparison  with  that 
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of  the  rooksalt;  still  it  is  possible  that  fluorspar  at  150^  emits 
rays  other  than  those  whicn  it  absorbs  at  ordinary  temperatures. 
This  behavior  is  however  probably  connected  with  the  great  re- 
flecting power  of  fluorspar  for  rocksalt-heat,  of  which  I  ishall 
speak  m  the  second  part  of  this  memoir. 

(9.)  If  it  were  possible  to  produce  ^  spectrum  of  the  heat  radia- 
ted at  160°  C,  the  spectrum  would,  if  rocksalt  were  the  radiating 
body,  exhibit  only  one  luminous  band.  If  sylvin  were  used  as  a 
radiator,  the  spectrum  would  be  much  more  extended,  but  would 
still  occupy  but  a  small  portion  of  the  spectrum  whi^h  the  heat 
radiated  firom  lamp-black  would  form. 

In  concluding  this  part  of  his  memoir  Magnus  makes  some  re- 
marks on  transparency  which  seem  to  us  very  suggestive.  K 
we  assume  that  there  is  a  constant  interchange  of  heat  even  be- 
tween bodies  having  the  same  temperature,  we  mav  fairly  assume 
also  that  there  is  such  an  exchange  in  the  case  of  bght  We  can- 
not observe  the  light  which  bodies  emit  at  ordinary  tempera- 
tures, but  they  do  not  absorb  light,  since  this  absorption  pro- 
duces their  colors.  If  such  an  exchange  of  light  takes  place  at 
ordinary  temperatures,  it  would  follow  that  transparent  bodies 
either  radiate  only  such  rays  as  are  not  containea  in  the  light 
emitted  bv  ignited  bodies,  and  then  they  absorb  none  of  these 
rays,  or  that  they  emit  only  one  or  a  few  of  the  wavelengths 
of  the  light  which  is  visible  to  us;  since  then  they  absorb  only 
these,  and  allow  all  others  to  pass  through,  so  that  the  inten- 
sity of  the  transmitted  light  is  but  little  less  than  that  of  the 
incident  light  We  may  therefore  infer  that  the  transparency 
of  bodies  depends  upon  the  fact  that  they  only  radiate  a  few 
of  the  wave-lengths,  which  are  contained  in  the  light  known  to 
us. — Pogg,  Ann,y  Band  oxxxix,  p.  431.  w.  g. 

2.  On  the  breadth  of  the  spectral  lines. — Lippich  has  given  an 
explanation  of  the  breadth  of  the  spectral  lines  of  luminous  eases, 
which  depends  upon  the  now  generally  received  dynamicsu  the- 
ory of  gases  and  vapors.  The  explanation  amounts  to  a  mathe- 
matical theory  of  the  broadening  of  the  bands,  the  diminutions  in 
their  intensity,  the  addition  of  new  bands,  and  the  appearance  of 
parts  of  continuous  spectra,  all  of  which  appear  to  depend  upon 
changes  of  temperature.  In  the  present  paper  the  author  treats 
only  of  the  appuoation  of  the  theory  to  the  widening  of  the  bands. 
The  fundamental  assumption  is  this ;  if  it  be  necessary  to  consider 
a  molecule  of  a  gas  as  a  svstem  capable  of  vibration,  the  spec- 
trum of  an  ideal  gas  in  which  the  molecules  would  be  perfectly 
free  elastic  systems,  could  consist  only  of  a  number  of  diflerent 
colored  banas  of  absolutely  homogeneous  light,  if  the  vibratory 
motions  of  the  molecules  alone  are  taken  into  account.  Accord- 
ing to  the  theory  of  Kr6nig  and  Clausius,  the  molecules  of  a  gas 
have  progressive  motions,  with  very  neat  velocities,  and  this  cir- 
cumstance in  connection  with  the  well  known  influence  of  the  mo- 
tion of  a  luminous  point  upon  the  refrangibility  of  the  emitted 
rays,  makes  it  possible  to  explain  the  widening  of  the  spectral 
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bands,  and  to  show  the  dependence  of  the  breadth  of  the  brands 
upon  the  temperature  and  density  of  the  ignited  gas.  Setting  out 
with  these  principles,  the  author  arrives  at  the  fouowing  law : 

The  ratio  of  the  difference  of  the  toave^engths  which  correspond 
to  the  borders  of  a  spectral  bandy  to  the  mean  wavelength  of  this 
bandy  is  for  one  and  the  same  gas  constant  for  ail  the  spectral 
bandSj  and  in  different  gases  is  directly  proportional  to  tJie  square 
root  of  the  absolute  temperature^  but  inversely  proportional  to  the 
square  root  of  the  density. 

The  breadths  of  the  bands,  as  they  appear  in  the  spectroscope  to 
the  eye,  will  increase  with  the  refrangibility  of  the  rays  somewhat 

more  rapidly  than  ^.    The  author  in  the  next  place  shows  that 

in  the  case  of  dark  bapds  in  a  spectrum,  produced  by  inversion, 
the  distribution  of  the  darkness,  so  to  speiHc,  and  the  oreadths  of 
the  band  will  follow  the  same  law  as  that  above  given  for  bright 
bands.  The  mere  comparison  of  the  relative  breadths  of  the 
bands  may  lead  to  important  conclusions.  K  in  any  gas-spectrum 
bands  of  different  breadths  lie  near  together,  we  might  infer  the 
presence  of  a  mixture  of  gases  of  different  densities,  or  of  differ- 
ent allotropic  states  of  the  same  gas.  Thus  the  author  thinks  that 
the  presence  of  some  fine  lines  in  the  blue  of  the  oxygen-spectrum 
may  indicate  the  presence  of  the  denser  ozone.  Furmermore,  the 
observation  of  the  breadths  of  these  lines  may  decide  whether  the 
appearance  of  new  lines  is  due  to  the  more  intense  vibrations  of 
the  same  molecules,  or  to  their  allotropic  conditions.  For  the 
same  gas  the  breadth  of  the  spectral  bands  permits  a  conclusion 
as  to  the  temperature.  This  is  of  special  interest  in  the  case  of 
the  heavenly  bodies,  in  the  spectra  of  which  a  widening  espe- 
cially of  the  hydrogen  lines  has  been  observed.  The  author  does 
not  agree  with  Frankland  and  Lockyer  in  ascribing  this  result 
solely  to  the  higher  pressure  of  the  gas,  but  thinks  that  it  must 
also  have  a  much  higher  temperature.  As  Hug^ns  and  Lockyer 
have  observed  a  vrii^ning  of  certain  dark  lines  m  the  spectrum  of 
the  umbra  of  a  solar  spot,  the  author  infers  that  the  gases  and 
vapors  forming  the  umbra  must  have  a  higher  temperature  than 
that  of  the  part  of  the  sun's  atmosphere,  in  which  Fraunhofer's 
lines  originate.  Finally,  lippich  suggests  that  measurements  of 
the  breadths  of  the  spectral  bands  will  finally  lead  not  merely  to 
relative  but  to  approximate  absolute  values  of  temperature  and 
density.  Amon^  other  results,  it  may  be  possible  in  this  way  to 
fnmisn  an  expenmental  proof  of  the  correctness  of  the  dynamical 
theory  of  gases.  In  conclusion,  the  author  remarks  that,  strictly 
speakmg,  tne  results  which  he  has  obtained  apply  only  to  perfect 
gases.  Changes  in  the  spectrum  will  indicate  changes  from  gases 
to  vapors.  New  periods  of  vibration  will  occur,  which  wifl  ex- 
hibit themselves  in  the  spectrum  with  the  less  intensity,  the  great- 
er their  deviation  from  the  periods  of  vibration  of  the  molecules  of 
the  perfect  gas.  In  this  manner  a  spectral  band  will  feule  out  on 
both  sides,  and  with  increased  pressure  the  illuminated  portion 
will  become  broader  the  more  the  gas  deviates  from  the  law  of 
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Gay  Lussac  and  Mariotte.  This  explanation  agrees  with  Wtlll- 
ner  8  experiments,  according  to  whicn  the  "  wasning  out "  of  the 
bands  occurs  in  the  cases  of  oxygen  and  nitrogen,  under  much 
lower  pressures  than  in  the  case  of  hydrogen. — Pogg,  Ann.^ 
cxxxix,  p.  465.  w.  g. 

3.  On  the  position  of  thaUlwn  among  the  elements. — ^Rammels- 
BSBO  has  contributed  some  interesting  facts  in  relation  to  the  com- 
pounds of  thallium,  without  however  fumishine  data  for  deter- 
mining the  degree  of  atomicity  of  the  metal.  "Die  author,  in  the 
first  place,  calls  attention  to  the  fact  that  the  isomorphism  of  thal- 
lium in  its  compounds  with  potassium  and  sodium  is  not  sufficient 
to  decide  the  question.  When  thallic  sesquioxyd  is  heated  with  a 
solution  of  iodic  acid,  a  normal  dithallio  salt  is  formed,  which  has 
the  formula  TlflOjk-l-Saq.  The  sesquioxyd  dissolves  easily  and 
completely  in  cnlornydric  acid,  forming  a  colorless  solution,  which 
after  addition  of  potassic  or  anmiomc  chlorid  yields  beautiful 
CTvstals.  The  new  salts,  respectively  TlClj,6kCl+4aq.  and 
TlCLyeNH^Cl+iaq.,  form  large  colorless  transparent  crystals, 
which  resemble  combinations  of  the  cube,  octahedron  and  dodeca- 
hedron, but  which  really  belong  to  the  square  prismatic  system. 
They  are  not  decomposed  by  water,  even  on  boiling.  With  bro- 
mine and  potassic  bromid,  and  iodine  and  potassic  iodid,  thallium 
forms  the  salts,  TlBrg,8KBr-f-3aq.  and  TU  j,8KI+3aq.,  which  crys- 
tallize in  regular  octahedra.  Kammelsberg  remarks  that  uie 
thallium  atom,  Tl=204,  can  hardly  be  regarded  as  other  than 
monatomic,  but  as  the  double  atom  of  the  molecule  in  the  dithal- 
lic  compounds  is  hexatomic,  the  single  atom  would  have  to  be 
considered  as  tetratomic.  The  specific  heat  of  thallium  is  an  evi- 
dence that  the  metal  is  Tl=204,  but  the  isomorphism  of  two  monr 
atomic  with  one  diatomic  atom  has  been  established  in  so  *many 
cases  that  no  certain  conclusion  can  be  drawn  fi*om  the  isomor- 
phism of  thallium  with  potassium  and  sodium.  It  seems  probable 
that  the  question  can  only  be  settled  by  determinations  of  vapor 
density. — Berichte  der  JJeutschen  Chemischen  OeseUschcrft^  Jahr- 
gangy  3,  No.  7,  p.  360.  w.  G. 

4.  On  a  new  method  for  the  volumetric  estimation  of  copper, — 
Wbil  has  given  a  new  method  for  the  determination  of  copper 
which  appears  deserving  of  attention.  It  is  based  upon  the  fol- 
lowing facts.  At  a  boiUne  heat  and  in  presence  of  an  exaess  of 
firee  chlorhydric  acid  the  least  trace  of  cupric  chlorid  communi- 
cates a  very  distinct  greenish  yellow  tint  to  the  solution.  This 
tint  is  the  more  intense  the  greater  the  quantity  of  acid  present. 
Stannous  chlorid  instantly  reduces  under  these  circumstances  cu- 
pric chlorid  to  colorless  soluble  cuprous  chlorid. 

2€uCl,  -f  SnCl,  =  eujjCla  +  SnCl^. 
The  reaction  is  finished  when  the  green  solution  of  cupric  chlorid 
is  completely  decolorized.  A  single  drop  of  stannous  chlorid  in 
excess  is  easily  detected  by  a  (frop  of  mercuric  chlorid,  which 
gives  a  precipitate  of  calomel  When  the  solution  contains  iron 
m  the  form  of  sesquioxyd  as  well  as  copper,  the  volume  of  the 
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solution  of  tin  employed  will  indicate  the  sum  of  the  copper  and 
iron.  In  this  case  the  author  precipitates  the  copper  in  another 
portion  of  the  assay  by  means  of  zinc  coupled  with  platinum,  and 
then  determines  the  iron  by  means  of  potassic  hypermanganate. 
The  copper  is  then  easily  foimd  bjr  difference.  The  author  deter- 
mines tne  litre  of  his  solution  or  tin  by  means  of  pure  metallic 
copper,  and  preserves  it  from  oxydation  under  a  layer  of  petrole- 
um. It  is  of  course  necessary  that  the  solution  of  copper  should 
be  perfectly  free  from  nitric  acid. —  Comptes  HenduSy  Ixx,  p.  997. 

w,  G. 

5.  Ont?ie  utilization  of  the  secondary  products  obtained  in  the 
manufacture  of  chloral, — Dr.  A.  W.  Hofmann  has  examined  a 
mixture  of  secondary  products  obtained  during  the  manufacture  of 
chloral,  and  con^ensea  during  cold  weather.  The  liquid  began  to 
boil  at  17**-18°,  rising  slowly  to  30°-31°,  where  the  temperature 
remained  constant  a  snort  time,  and  then  rising  again  to  50^,  when 
nearlj^  all  distilled  over.  The  most  volatile  portions  were  mixed 
with  three  times  their  volume  of  alcohol  saturated  at  0°  with  am- 
monia and  heated  in  a  water  bath  for  an  hour.  The  liquid  was 
then  filtered  to  separate  crystals  of  sal-ammoniac  and  the  alcohol 
ammonia  and  chlorinated  ethylic  chlorids  distilled  off  The  mass 
of  chlorhydrates  of  ethyl-ammonias  remaining  were  decomposed 
with  caustic  soda,  and  the  separated  liquid  alkalies  dehydrated  by 
caustic  soda,  and  finally  distuled.  In  this  manner  5  litfes  of  the 
secondary  products  operated|on  gave  1^  liters  of  a  mixture  of  an- 
hydrous ethylamines.  These  could  be  separated  from  each  other 
bv  means  of  oxalic  ether,  in  the  manner  already  pointed  out  by 
Hofriann.  The  results  of  this  investigation  are  interesting,  from 
the  prospect  which  they  afford  of  obtaming  the  ethyl-ammonias  as 
an  article  of  conmierce,  at  a  reasonable  price,  and  m  comparative 
abundance. —  Comptes  Bendus^  Ixx,  p.  906.  w.  g. 

6.  On  the  nature  of  the  secondary  products  obtained  in  the  man- 
ufacture of  chloral. — Kbamer  has  studied  the  other  products  of 
the  action  of  chlorine  upon  alcohol,  the  existence  of  a  large  quan- 
tity of  ethylic  chlorid  having  been  shown  by  Hofinann.  As  the 
ethylic  chlorid  was  in  contact  with  an  excess  of  chlorine,  it  was 
natural  to  expect  to  find  in  the  less  volatile  oily  products  the 
whole  series  of  chlorinated  ethylic  chlorids  described  by  Regnault, 
and  experiment  showed  that  several  of  these  substances  were  pres- 
ent. The  most  volatile  product  boiling  at  60°,  proved  to  be  chlo- 
rinated chlorethyl  or  chlorethyliden,  -GjH^Cl^,  identical  with  the 
ohlorethyliden  prepared  from  aldehyd.  A  liquid  boiling  at  85°, 
proved  to  be  ethylen-dichlorid,  the  formation  of  which  by  the  ao- 
tion  of  chlorine  upon  ethylic  chlorid  had  not  before  been  observed. 
The  next  product  was  chlorinated  ethylen  dichlorid  -GjELCl .  CL 
boiling  at  115**,  and  the  last  bichlorinated  ethylen,  CJjHjClj,  boil- 
ing at  37°.  Other  chlorinated  products  were  also  observed,  but 
not  yet  studied.  To  prove  the  identity  of  the  chlorethyliden  ob- 
tained in  this  manner  with  that  obtained  from  aldehyd  by  the  ac- 
tion of  phosphoric  pentachlorid,  Kr&mer  heated  a  portion  of  it 
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with  alcoholic  ammonia  to  160^  for  12  hours.  In  this  manner  an 
oily  base  boiling  at  1 80**-l  82°,  and  having  the  characteristic  odor 
of  collidine,  -CgU  nN,  was  obtained.  This  base  had  already  been 
formed  from  aldeh^d-ammonia  by  Bsyer,  and  found  to  be  identi- 
cal with  that  obtamed  by  Anderson  from  animal  oiL — Berichte 
der  DetUechen  Chemisehen  QeselUchq/ty  Jahrffang^  8,  p.  267-262. 

w.  G. 
7.  On  %ome  proj^erties  of  iron  precipUated  by  the  galvanic  cur- 
rent,— Lbnz  has  given  some  interesting  particulars  in  relation  to 
the  composition  and  properties  of  iron  as  precipitated  in  the  me- 
tallic form  by  the  battery.  The  iron  examined  was  deposited  by 
Klein^s  process  from  a  solution  of  the  mixed  sulphates  of  iron  and 
magnesium.  Weak  currents  were  employed,  and  the  solution  was 
kept  neutral  by  carbonate  of  magnesia.  Iron  so  tjjirown  down  has 
a  beautiful  fine-granular  structure,  showing  no  traces  of  crystals 
under  the  microscope.  Its  color  is  a  soft  bright  gray.  Its  hard- 
ness is  very  remarkable — not  less  than  5*6  of  the  ordinary  mineral 
scale,  and  it  is  excessively  brittle,  so  that  it  may  be  rubbed  to 
powder  between  the  fingers.  When  the  iron  is  slowly  reduced 
upon  a  polished  surface,  it  is  free  from  flaws  and  has  a  velvetv 
look.  As  it  becomes  thicker,  bubbles  or  pits  are  formed  as  small 
oval  depressions.  When  heated  over  a  fire  the  iron  loses  many  of 
these  properties  in  a  remarkable  degree.  Its  hardness  diminishes 
and  becomes  4*5 ;  its  brittleness  entirely  disappears,  and  it  be- 
comes so  nexible  and  tenacious  that  it  cannot  oe  broken  by  re- 
peated bendinff  or  even  bv  folding  and  strongly  smoothing  down 
the  folds.  When  heated  m  vacuo  the  iron  changes  color  and  be- 
comes almost  as  white  as  worked  platinum.  The  ienited  iron  rusts 
very  quickly  both  in  air  and  in  previously  boiled  watery  this  is 
not  the  case  with  the  metal  before  ignition.  In  the  electric  series 
unignited  iron  stands  nearer  to  copper  than  the  ignited  metaL 
On  analysis  by  means  of  SprengePs  pump,  the  precipitated  iron 
was  found  to  contain  various  eases — ^vapor  of  water,  mtrogen,  car- 
bonic oxyd,  carbonic  acid  and  hydrogen.  Levv  thinks  Siat  the 
carbonic  acid  came  from  the  solution  nrom  which  the  iron  was  pre- 
cipitated, and  that  the  carbonic  oxyd  was  formed  during  the  igni- 
tion of  the  tube  containing  the  iron  in  the  process  of  uialysb ; 
also  that  the  vapor  of  water  was  formed  by  the  union  of  hydrogen 
with  the  oxygen  of  a  small  amount  of  rust  in  the  iron,  since  it  was 
only  given  off  at  1,600°  C.  The  hydrogen  in  the  iron  was  always 
in  largest  quantity ;  the  whole  quantity  of  gas  varied  greatly,  and 
sometimes  amounted  to  185  times  the  volume  of  the  iron.  The 
absorption  of  the  gases  was  found  to  take  place  mainly  in  the  first 
layers  formed.  Cm  warming  the  reducea  iron,  the  evolution  of 
gas  began  at  temperatures  below  100°,  but  at  this  temperature 
chiefly  hydrogen  was  evolved.  Ignitea  galvanically  reduced  iron 
decomposes  water  and  absorbs  the  firee  hydrogen  either  wholly  or 
partially. — BvUetin  de  P  Aoadimie  de  Piterebourfj  xiv,  p.  337, 
eited  in  Dingier* %  Pofytechniechee  Journal,  cxcvi,  p.  44.      w.  o. 
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8.  On  ths  preparaiion  of  barium  chlorate, — ^Brandau  has  pro- 
posed the  following  simple  method  for  the  preparation  of  banum 
chlorate:  Commercial  crystallized  aluminum  sulphate,  sulphuric 
acid,  and  potassium  chlorate,  in  the  ratio  of  one  molecule  of  each  of 
the  two  former  to  two  of  the  latter,  are  mixed  with  water  to  the 
consistence  of  a  thin  paste,  wanned  for  half  an  hour  on  the  water- 
bath,  allowed  to  cool  completely,  and  treated  with  alcohol  in  excess. 
Upon  filtering,  and  neutralizing  with  barium  hydrate,  barium  sul- 
phate and  some  aluminum  hydrate  are  precipitated,  and  barium 
chlorate  remains  in  solution.  The  alcohol  is  distilled  off,  and  the 
filtrate  on  evaporation  yields  crystals  of  the  pure  barium  chlbrate. 
The  only  precaution  necessary  is  to  have  the  aluminum  sulphate 
and  the  pulphuric  acid  in  slight  excess. — Ann,  Ch,  Fharm,^  cli,  861, 
Sept.  1869.  G.  p.  B. 

9.  On  tJ^  properties  of  Selenium, — Rathke  has  investigated,  in 
the  Halle  laboratory,  the  various  modifications  which  selenium, 
like  sulphur,  is  capable  of  assuming.  Notwithstanding  the  differ- 
ence in  the  behavior  of  the  various  forms  of  each,  respectively, 
to  solvents,  especially  €Sg,  Rathke  places  the  insoluble  black  se- 
lenium with  the  rhombic  variety  of  sulphur,  and  the  red  amor- 
phous selenium  with  the  insoluble  amorphous  form  of  sulphur.  As 
in  the  case  of  sulphur,  the  latter  variety  of  selenium  is  produced 
by  the  decomposition  of  selendithionates  (solutions  of  selenium  in 
alkaline  sulphites)  by  acids ;  by  the  action  of  water  on  selenium 
chlorid ;  and  by  tne  sudden  cooling  of  fused  selenium.  So  on  the 
other  hand,  by  the  slow  decomposition  of  a  solution  of  potassium 
selenid,  distinct  crystals  of  black  selenium  are  produced,  precisely 
as  when  by  the  similar  decomposition  of  alkaline  sulphids,  lar^e 
rhombic  crystals  of  sulphur  separate.  Though  red  selenium  is 
more  stable  than  the  corresponding  form  of  sulphur,  yet,  like  this, 
it  passes  into  the  other  variety  on  raising  the  temperature  to  lOO^' 
C.,  with  a  distinct  evolution  of  heat.  The  specific  gravity  of  selen- 
ium in  these  forms,  is  as  follows :  For  the  black  variety,  4*80  to 
4*81 ;  the  red,  crystallized  from  carbon  disulphid,  (and  correspond- 
ing tomonoclinic  sulphur,)  4*46  to  4*51,  the  red,  amorphous,  4*26. 
Agreeing  here,  also,  with  the  corresponding  forms  oi  sulphur,  as 
already  given.  Regarding  the  behavior  of  selenium  toward  carbon 
disulphid  as  exceptional,  Kathke  tried  the  action  of  other  solvents. 
Sulphur  chlorid  saturated  with  selenium  with  the  aid  of  heat,  de- 
posits on  cooling,  crystals  of  sulphur,  leaving  selenium  chlorid,  in 
which  selenium  dissolves  freely,  forming  when  cold  a  syrupy  liquid, 
from  which,  on  standing,  the  black  variety  of  selenium  separated 
in  small  nodules.  The  solubility  of  rhombic  (octahedral)  sulphur 
in  carbon  disulphid,  led  to  the  supposition  that  selenium  might  be 
equally  soluble  in  carbon  diselenid.  Various  methods  for  prepar- 
ing this  substance  were  tried,  but,  though  small  quantities  were 
obtained  by  acting  on  selenium  phosphid  with  moist  vapor  of  car- 
bon tetrachlorid,  heated  in  a  tube,  sufficient  for  the  above  purpose 
could  not  be  obtained.  Carbon  tetrachlorid  itself,  does  not  dis- 
solve .the  black  variety  of  selenium,  selenium-ethyl  dissolves  both. 
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but  in  very  small  quantity.  Of  the  solvents  tried,  only  those  which 
were  selenium-compounds  dissolved  black  selenium. 

Rathke  also  examined  the  compounds  which  sulphur  forms  with 
selenium,  hoping  to  throw  some  light  upon  their  mutual  iso-dimorph- 
ism.  He  first  melted  the  substances  together  in  the  ratio  of  one 
atom  of  selenium  to  two  of  sulphur,  repeatedly  extracted  the  re- 
sulting mass  with  carbon  disulphid,  and  crystallized  out  the  por^ 
tion  dissolved  in  fractions.  The  crystals,  however,  increased  pro- 
gressively in  sulphur  and  diminished  in  selenium.  The  precipitate 
obtained  when  sulphydric  gas  and  selenium  dioxyd  gas  act  up- 
on esPch  other  in  solution,  was  then  examined.  By  solution  m 
carbon  disulphid  and  evaporation,  well-formed  rhombic  prisms,  in 
color  like  potassium  dichromate,  were  obtained,  which  gave  on 
analysis  63*86  per  cent  selenium  and  36-60  per  cent  sulphur.  These 
crystals,  then,  though  by  no  means  a  mixture  of  the  constituents, 
do  not  correspond  m  composition  to  the  formula  SeS,,  which  re- 
quires 66*42  per  cent  Se  and  44*68  per  cent  S.  The  process  was 
then  reversed,  and  the  precipitate  produced  when  selenhydric  gas 
reacts  upon  sulphur  dioxyd  collected  and  treated  as  above.  It 
contained  considerable  black  selenium,  not  taken  up  by  the  solvent. 
On  fractionally  crystallizing,  three  products  were  obtained,  one 
(c)  soluble  in  67  parts  €JSj,  the  second  (d)  in  263  parts,  and  the 
third  (a)  considerably  more  so  than  selenium  itself  (a)  consisted 
of  minute  dark  ruby-red,  rounded  crystals ;  (6)  of  brilliant-red 
prisms ;  and  (o)  of  orange-red  tabular  prisms.  On  analysis,  (a) 
was  found  to  agree  nearly  with  the  formula  Se  jS ;  but  (ft)  and  (e) 
were  intermediate  between  Se^Sand  Se9,.  Rathke  regards  them 
as  isomorphous  mixtures. 

Carbon  diselenid  €Seg  was  prepared  but  only  in  small  quantity, 
not  even  sufficient  for  analysis.  It  appeared  as  a  thin,  brilliant- 
brown  liquid,  of  peculiar  and  disagreeable  odor,  recalling  at  first, 
when  dilute,  that  of  carbon  disulphid,  but  being  when  concen- 
trated, verv  pungent  and  irritating  to  the  eyes.  It  burned  with 
tfie  Wue  selenium  flame,  was  not  very  volatile,  and  was  insoluble 
in  all  solvents  tried.    At  the  same  time  there  was  formed  ethyl 

selenxanthate,     -GSe    _   and  potassium  selenxanthate,    €Se :  _  . 

Rathke  also  also  attempted  the  production  of  selenium  tetra-ethyd 
but  succeeded  in  getting  only  tri-ethylselenin  chlorid  Se  {€^ 
H 5)301,  in  combination  with  zinc  chlond,  and  also  with  platinum 
chlorid. — Ann.  Gh,  Phartn.y  clii,  181,  Nov.  1869.  g.  p.  b. 

10.  On  the  vrepa/ration  of  nitrogen  pentoxyd  {nitric  anhydrid,) 
— Odet  and  Vignon  employ  for  this  purpose  a  double  U  tube,  in 
each  bend  of  which  140  to  160  grams  of  silver  nitrate  is  placed, 
the  whole  being  heated  to  a  temperature  of  60°  C.  Phosphoryl 
chlorid  (POOL )  is  allowed  to  fall  drop  by  drop,  into  the  first  leg 
of  the  tube.  The  nitryl  chlorid  (NOjCl)  thus  produced,  reacts  up- 
on the  silver  nitrate  in  the  second  bend,  to  which  is  attached,  by 
melting,  a  receiver,  in  which  the  product  of  the  reaction  collects. 
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This  receiver  is  immersed  in  a  freezing  mixture.  No  disengage- 
ment of  oxygen  takes  place,  silver  phosphate  and  chlorid  be- 
ing the  only  secondary  products.     The  reactions  are  as  follows : — 

(1)  Sg  '  f  ^)»+  (P^)  Cla=  if,  [  ^»  +  (Ne.Cl),. 

(2)  A^ »  [  ^  +  (Ne,)Cl  =  NO^  }  ^  +  AgCl. 

—  Comptes  BendtiSy  bdx,  1142.  *  g.  p.  b. 

11.  On  a  new  method  for  preparing  bromhydrie  acid, — Cham- 
pion and  Pkllkt  describe  a  new  and  simple  mode  of  preparing 
bromhydrie  acid  by  the  action  of  bromine  upon  paraffin  at  a  mod- 
erately elevated  temperature.  Two  retorts  are  employed,  one  for 
the  bromine,  the  other  for  the  paraffin.  The  neck  of  the  first  re- 
tort is  prolonged  and  bent  at  right  angles  so  as  to  enter  the  tubu- 
lure  of  the  second — being  fixed  there  by  a  ground  ioint — termi- 
nating near  the  bottom,  ^y  means  of  a  sand  or  oil-bath,  the  pa- 
raffin is  kept  at  a  temperature  of  180°  C.  and  by  a  saline  bath  the 
bromine  is  maintained  at  65°  C.  As  the  bromine  gradually  distils 
over  into  the  paraffin,  the  bromhydrie  acid  gas  is  evolved,  and  af- 
ter passing  through  a  bulb  tube  containing  water,  and  a  U  tube 
filled  with  broken  glass  and  bits  of  moistened  phosphorus,  to  re- 
move any  traces  of  unchanged  bromine,  it  is  collected  in  the  liquid 
to  be  saturated  with  it,  placed  in  a  vessel  surrounded  with  ice. 
The  aqueous  solution  thus  obtained  satui»ted  at  0°  C.  has  a  density 
of  1*78,  and  coiTcsponds  to  the  fonnula  HBr,  H^O.  Each  c.  c. 
contains  1'46  grms.  HBr. — £uU.  Soc,  Ch.^  II,  xiii,  197,  March,  1870. 

G.  p.  B. 

12.  On  the  recovery  of  Uranium  Jrom  the  Phosphate. — In  using 
a  solution  of  uranium  K)r  determining  volumetrically  phosphoric 
acid,  residues  of  uranium  phosphate  are  obtained,  from  which  it  is 
desirable  to  recover  the  uranmm.  Two  methods  for  doing  this 
have  been  lately  proposed.  The  first  hy  Heintz,  obtains  the  ura- 
nium as  nitrate.  Tne  phosphate,  previously  washed,  dried  and 
weighed,  is  dissolved  in  nitric  acid.  Half  as  much  pure  tin  is 
weighed  out,  and  nine-tenths  of  it  added  to  the  nitnc  solution, 
which  is  then  heated  until  the  tin  is  entirely  converted  into  stan- 
nic hydrate ;  if,  in  this  solution,  ammonia  gives  a  precipitate  not 
entirely  soluble  in  acetic  acid,  the  rest  of  the  tin  is  added,  and  the 
process  repeated.  All  the  phosphoric  acid  is  contained  in  the  pre- 
cipitate. The  filtrate  is  diluted,  treated  with  sulphydric  gas  to 
precipitate  the  last  traces  of  tin,  again  filtered,  ana  evaporated  to 
crystallization. 

The  second  method,  proposed  by  Reichabdt,  consists  in  dissolv- 
ing the  uranium  residues  in  either  nitric  or  chlorhydric  acid,  adding 
an  excess  of  ferric  chlorid,  making  the  solution  acid  with  acetic 
acid  by  adding  sodium  acetate,  and  after  considerable  dilution, 
heating  to  boiling.  All  the  phosphonc  acid,  together  with  the 
excess  of  iron,  is  thus  precipitated.  Instead  of  boiling  the  solu- 
tion after  the  addition  of  the  ferric  chlorid,  it  may  be  treated  with 

Am.  Joub.  Sci.— Sboond  Sbbibs,  Vol.  L,  No.  14a— July,  1870. 
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an  excess  of  sodium  carbonate,  and  filtered.  In  presence  of  free 
carbonic  acid,  the  sodium  carbonate  holds  the  uranium  in  solution, 
the  phosphoric  acid  being  precipitated  with  the  iron.  The  filtrate 
from  eitner  of  these  methods  is  acidulated  with  chlorhydric  acid, 
and  after  boiling  to  expel  the  carbonic,  gas,  the  uranium  oxyd  is 
precipitated  with  ammonia. — Ann,  Ch,  Phami.^  cli,  216,  Aug.  1869. 
^eitachr.  analyt.  Chem.y  1869,  116.  g.  p.  a 

13.  On  the  modifications  of  atdphur  trioxyd  {sulphuric  anhy^ 
drid.) — Schultz-Sellack  has  examined  the  isomeric  modifications 
of  sulphur  trioxyd.  It  was  prepared  by  distillation  from  di-snl- 
phuric  acid  (fuming,)  the  vapors  being  rendered  anhydrous  by 
passing  them  over  phosphoric  anhydrid.  On  cooling  the  liquid 
thus  obtained,  the  thermometer  immersed  in  it  is  observed  to  be- 
come stationary  at  16°  C,  the  fluid  solidifying  in  long  transparent 
prisms.  These  melt  again  at  the  same  temperature,  the  liquid  be- 
mg  obtained  again,  frequently  unaltered.  Sometimes,  however, 
white  flocks  remain  in  the  melted  mass,  which  gradually  collect  in 
warty  masses  of  fine  white  needles,  until  the  entire  liquid  has  be- 
come a  matted  n^ss  of  theuL  The  same  change  takes  place  when 
the  liquid  is  kept  for  some  time  at  a  temperature  below  25**  C; 
above  27°  C,  however,  it  does  not  take  place.  The  solid  anhydrid 
thus  produced  becomes  gradualljr  fluid  again  when  the  tempera- 
ture rises  to  above  60°  C;  but  this  solidification  and  liquefaction  is 
not  a  freezing  and  melting,  in  the  ordinary  sense  of  these  terms, 
since  both  take  place  graaually,  within  certain  definite  ranges  of 
temperature.  Tiie  fluid  anhydrid  has  a  remarkably  high  coefficient 
of  expansion  by  heat ;  being  for  temperatures  between  26°  and 
46°,  0*0027  for  each  degree,  more  than  two-thirds  that  of  the  gases. 
It  boils  at  46°  C.  under  a  pressure  of  760"*'° •;  at  20°  its  vapor- 
tension  is  200™™.  In  a  vacuum  the  first  modification  shows  no 
vapor-tension;  but  gradually  vapor  is  evolved,  so  that  after  seve- 
ral days,  a  tension  of  30  or  40™™*  at  20°  is  obtained.  The  vapor 
of  the  solid  as  well  as  that  of  the  fluid  trioxyd  has  a  normal  den- 
sity, found  to  be  2*74  to  2*76;  SOg  requires  2*76.  From  the 
shove  facts,  the  author  concludes  that  sulphur  trioxyd  exists  in 
two  states :  1st,  a  Sulphuric  anhydrid  solidifying  at  +16°  in  long 
colorless  prisms,  whicn  melt  at  the  same  temperature ;  boiling  at 
46°  C.  2d.  I?  Sulphuric  anhydrid,  produced  from  the  former,  at 
temperatures  below  26°,  in  very  fine  needles ;  becoming  at  temper- 
atures above  60°  gradually  fiuid  again,  being  transformed  into  « ; 
yielding  vapor  very  slowly  at  ordinary  temperatures,  which  is  like 
that  given  by  «,  but  has  a  less  tension.  He  regards  <?  as  a  polymer 
of  o,  since  many  poljrmeric  organic  compounds,  as,  for  example, 
cyanuric  acid,  show  similar  variations  in  physical  properties,  as 
their  molecules  are  more  condensed. — Ber.  JBerL  Chem,  Oes.^  iii, 
216,  March,  1870.  g.  p.  b. 

14.  On  t?^  conversion  of  isolmtyl  alcohol  inU>  tertiary  pseudo4mtt/l 
alcohol — ^From  purely  theoretical  considerations,  Mabkownikopf 
was  led  to  believe  that  isobutyl  alcohol  (that  produced  during 
fermentation)  by  the  loss  of  water,  or  its  iodia  by  the  loss  of 
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hydriodio  acid,  woald  give  a  bntylene  identical  with  the  isobn- 
tylene  of  Butlerow.  By  heating  isobutyl  iodid  with  alcoholic 
potash,  a  butjrlene  was  obtained,  which  united  directly  with  hy- 
driodic  acid,  giving  a  butyl  iodid  having  the  boiling  point  of  ter- 
tiary pseudo-butyl  iodid.  On  treating  this  with  moist  silver  oxyd, 
tri-methyl-carbinol  (tertiary  pseudo-but^  alcohol)  was  obtained 
with  its  very  characteristic  properties.  The  reaction  which  takes 
place  is  as  K>llows : 

(1)     €H       -.m=      €  (2)        £)        +HL=       €1 

'€H,€H3  €H3€H3  €H3€H,  €H^€H^ 

'3'  ^^-^1--  ^-^"*y^-  butyflSd. 

Morkownikoff  believes  that  these  facts  sustain  his  general  law  of 
the  formation  of  unsaturated  compounds;  a  law  which  for  the 
homologues  of  ethylene  may  thus  be  formulated:  WTien  tocUer 
is  removed  J¥om  an  alcohol-molecule^  that  carbonrOitom  which 
is  directlg  united  with  the  carbon-atom  holding  the  hydroxyl^ 
furnish  the  hydrogen.  A  similar  law  holds  in  the  case  of  the 
haloid  anhydnds  of  the  monatomic  alcohols.  When  combination 
takes  place  between  an  unsymmetricaUy  constituted  homologue 
of  ethylene  (for  example,  propylene  CJHgCJH^H^)  and  water  (or 
an  hcUoid  acid\  the  residues  into  which  these  latter  bodies  are 
stparatedj  are  divided  between  the  two  carbon-atoms  so  that  the 
hydroxyl  {or  the  corresponding  halogen)^  is  united  to  the  least 
hudrogenized  carbon-atom  in  the  compound. — Zeitschr.  Chem.^  II, 
VI,  29,  Dec,  1869.  G.  P.  B. 

16.  On  the  Synthesis  of  AromcUic  Acids. — Starting  from  the 
well  known  facts  that  a  monobasic  acid  may  be  viewed  as  a 
hydrocarbon  in  which  an  atom  of  hydrogen  is  replaced  by  carboxyl 
reOOH),  and  further,  that,  in  general,  the  basicity  of  acids 
oepends  upon  the  number  of  carboxyl  groups  which  they  contain, 
^Wttbtz  proposes  to  make  practical  use  of  tnem  in  synthesis.  By 
effecting  one  or  more  such  replacements  in  a  hydrocarbon,  eitner 
by  the  carboxyl  group  itself  or  its  ethyl-derivative  (■GOO("e2H5)), 
— which  can  be  effected  by  heating  the  corresponding  bromine 
derivative  of  the  next  lower  homologous  hydrocarbon  with  ethyl 
chlorocarbonate  and  sodium -amalgam,  —  any  desired  aromatic 
acid  may  be  produced.  In  this  way,  for  example,  Wurtz  prepared 
benzoic  acid;  90  grams  monobromo-benzol  (phenyl  bromid,  "GeH. 
Br)  being  heated  with  60  grams  ethyl  chlorocarbonate  (€JOO 
{€} 2^^)01)  and  8*5  kilo^ams  sodium-amalgam  containing  one 
per  cent  of  sodium.  The  action  procee&d  slowly,  requiring 
many  days  for  completion,  even  at  110°  C.  Carbonic  and  carbon- 
ous  gases  were  evolved,  sometimes  mixed  with  a  gas  which  burned 
with  a  green  flame,  probably  ethyl  chlorid.  When  the  fluid  had 
entirely  disappeared  and  the  mercurv  had  again  recovered  its 
mobilitv,  the  saline  mass  was  extracted  with  eSiei*,  and  the  ether 
distilled  off  till  the  temperature  rose  to  150°  C.  The  residue,  which 
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contained  ethyl  benzoate,  on  being  treated  with  potassium  hydrate, 
evaporating  to  dryness  to  remove  the  alcohol,  re-solution  in  water, 
and  precipitation  with  hydrochloric  acid,  afforded  benzoic  acid 
abundantly.    The  reaction,  therefore,  is  as  follows : 

€gH5Br+€ej^j^2^«-fNa2=NaCl  +  NaBr  +  €eH5(€ee€,H,) 
By  using  mono-bromo-toluol  (^^^^  \  g    ')  toluic  acid 
(€JjH^  -J  £i^L£i  H  ]  with  a  trace  of  another  acid  perhaps 


iso- 


meric with  it,  was  obtained.    With  the  isomeric  benzyl  bromid 
(CgHg(CH2Br))  the  reaction  yields  a  more  complicated  product. 

In  a  more  recent  paper,  Wurtz  shows  that  the  acid  mentioned 
above  as  obtained  simultaneously  with  the  toluic,  is  iso-toluic  acid ; 
and  that  its  presence  is  due  to  the  fact  that  the  bromo-toluol  Used, 
contained  an  isomeric  body.  The  substance  obtained  by  acting 
upon  benzyl  bromid  or  chlorid,  he  finds  to  have  the  composition 
■Gj^Hj^Og,  and  he  gives  it  the  name  di-benzyl-carboxync  acid. 
In  a  second  operation,  262  grams  benzyl  chlorid,  108  grams  ethyl 
chlorocarbonate  and  8,000  grams  one  per  cent  sodium-amalgam, 
were  heated  on  a  saline  bath,  with  an  upward  condenser,  till  the 
whole  mass  was  solid.  This  residue  was  extracted  with  ether, 
the  ether  distilled  off  till  the  temperature  rose  to  180°,  the  fluid 
remaining  in  the  retort  decomposed  with  alcoholic  potash,  the 
the  alcohol  evaporated,  the  residue  dissolved  in  water,  precipitated 
by  hydrochloric  acid  and  recrystallized  from  water.  It  separated 
in  drops  which  solidified  to  a  mass  of  fine  needles.  It  is  almost 
insoluble  in  cold  water,  and  but  little  soluble  in  hot ;  alcohol  and 
ether  dissolve  it  readily.  At  84°  it  melts  and  at  a  higher  tempera- 
ture distils.  Its  vapors  are  aromatic  and  irritating.  To  produce 
it,  Wurtz  assumes  that  under  the  influence  of  the  sodium,  the 
chlorid,  by  the  loss  of  hydrochloric  acid,  becomes  chloro-di-benzyl 

V/  ft  H  K  "V/Un 

1^  and  that  this  by  the  simultaneous  action  of  the  so- 

dium and  the  ethyl  chlorocarbonate  becomes  ethyl  di-benzyl-carb- 

oxylate      ®    *i     ^  — Comptes  Rendus^  Ixviii,  1298; 

^         £JeH,€H€ee(€2HJ.  ^  >  >  » 

Ixx,  360.  G.  P.  B. 

1 6.  On  the  volatile  acids  of  Croton  oil — ^Froelich  having  observed 
in  the  Jena  laboratory,  that  by  the  action  of  phosphorus  penta- 
chlorid  upon  ethyl-diacetic  acid,  two  metameric  chlor-acids  were 
obtained,  yielding  when  treated  with  sodium-amalgam,  two  meta- 
meric acids  of  the  composition  G^H^O^j  ^^  which  one  was  solid 
and  identical  with  that  prepared  from  allyl  cyanid,  the  other  was 
fluid,  and  supposed  to  be  the  same  as  that  descril»ed  by  Schlippe 
as  occurring  m  Croton  oil,  and  called  Crotonic  acid,  Geutheb 
undertook  a  confirmation  of  this  supposition.  Having  prepared 
the  volatile  acids  from  four  pounds  of  Croton  oil,  he  finds  that  no 
volatile  acid  of  the  composition  CJ^HgO^  exists  in  this  oil,  and 
that  the  solid  acid  contamed  in  it  is  not  angelic  acid ;  and  tiiere- 
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fore,  that  Schlippe's  statements  are  entirely  erroneous.  The  vola- 
tile fluid  acids  are  essentially  acetic,  butyric  and  valeric,  mixed 
perhaps  with  traces  of  oenanthic  acid  and  higher  members  of  the 
oleic  series.  The  solid  acid  supposed  by  Schlippe  to  be  angelic 
acid,  is  a  metamer  of  it,  to  which  Genther  gives  the  name  Tiglic 
acid.  It  constitutes  more  than  a  third  of  the  volatile  acids  of 
Croton  oil,  and  forms  a  barium  salt  readily  soluble  in  water, 
crystallizing  in  pearly  plates,  and  having  the  composition 
O^H^Ba'Oj-fSHgO.  It  has  a  remarkably  close  correspondence 
in  properties  with  the  methyl-crotonic  acid  of  Frankland  and 
Duppa.  It  is  therefore  obvious  that  the  name  "  crotonic  "  given 
to  the  acid  ^^^^^2'>  ^^  ^  misnomer,  since  croton  oil  contains  no 
acid  of  this  composition.  Geuther  therefore  proposes  to  call  the 
chlor-acid  of  Froelich,  mentioned  above,  which  fuses  at  59*5°  and 
boils  at  194*8**,  monochlor-quartenic  acid,  and  the  acid  derived 
from  it  by  the  action  of  sodium-amalgam,  which  is  fluid  at  15° 
and  boils  at  171*9°,  quartenic  acid.  For  the  metamer  of  the  chlor- 
acid,  melting  at  94°  and  boiling  between  206°-2 1 1°  with  partial 
decomposition,  he  proposes  the  name  mono-chlor-tetracrylic  acid ; 
and  for  its  derivative  64Hg02,  first  prepared  from  allyl  cyanid 
and  till  now  called  crotonic  acid,  the  name  tetracrylic  acid.  Its 
aldehyd  called  croton-aldehyd  by  Kekul6,  would  therefore  be 
tetracryl-aldehyd. — Zeitschr,  Chem.^  11,  vi,  26,  Dec.  1869.     g.  f.  b. 

17.  On  the  jRhenish  creosote  from  beech-wood  tar, — Under  the 
direction  of  Baeyer  and  Graebe  in  Beriin,  Mabasse  has  made  an 
investigation  of  beech-wood  creosote,  with  results  far  more  satisfac- 
torv  and  conclusive  than  had  been  previously  obtained.  The  ma- 
tenal  on  which  he  worked  came  from  the  manufactory  of  Dietze  & 
Company  in  Mayence ;  it  was  colorless,  a  little  thick,  heavier  than 
water,  in  which  it  was  scarcely  soluble,  and  dissolved  completely 
in  potassium  hydrate  solution.  On  subjecting  it  to  fractional  dis- 
tillation, three  separate  products  were  oDtained :  one  boiling  below 
199°,  one  between  200°  and  203°  (by  far  the  larger  portion)  and 
one  between  216°  and  220°.  After  drying  the  lightest  product, 
and  subjecting  it  to  sixteen  fractional  distillations,  a  body  was 
obtained,  which,  boiled  between  183°  and  184°,  solidified  on  cool- 
ing, and  had  the  properties  of  phenol,  which  an  analysis  proved  it 
to  be.  On  distilhng  the  second  and  largest  fraction  with  zinc-dust 
and  puriiying  and  fractioning  the  distillate,  two  products  were 
obtained;  the  one,  boiling  between  110°  and  112°, proved  on  anal- 

ysis  to  be  toluol,€?,Hg,  or  "Ge^4  *!  H    '*    ^^°^®  *^®  zinc-dust  acts 

by  reducing  hydroxyl  to  hydrogen,  the  body  yielding  this  toluol 

must  have  been  C^H^  ]  rvrr^or  cresoL    The  other  portion  boiling 

at  160°  to  156°  afforded  the  properties  and  composition  of  anisoL 

As  this  anisol  "66^4  ]  OPH  ^^®®  ^^*  exist  in  the  creosote  as  such, 

it  must  have  been  produced  by  a  similar  action  of  the  zinc-dust, 

f  ATT 

from  the  body  €eH^  •<  ^qtt    which  is  guaiacol,  the  acid  methyl 


Digitized  by  VjOOQ  IC 


118  Scientific  Intelligence, 

{  OH 

ether  of  pyrocatechin  €5^4  ]  aw'  '^^^  *^®  fraction  boiling  be- 
tween 200**  and  203**  was  thus  composed,  Marasse  fhrther  proved 
by  fusing  it  with  potassium  hydrate.  Two  liquids  were  thus 
obtained    which    on    examination    proved    to    be    cresol    itself 

I  x^ti  ^  (  OH 

€jH^-<  OH^'  ^^^  pyro-catechin  C^H^  •<  ^tt,  the  latter  produced 

by  the  saponification  of  its  ether,  guaiacol,  in  the  experiment. 
l!he  same  result  was  reached  by  acting  upon  this  fraction  with 
hydriodic  acid ;  cresol  and  pyroKjatechin  being  produced  as  before. 
And  finally,  by  acting  upon  this  fraction  with  methyl  iodid  and 
potassium  h\drate  in  sealed  tubes,  the  methyl  ethers  of  both  cresol 

t  -Pfj      \  (  0"GH  \ 

(cresyl-anisol  C^H^  <  OgIi  )  *^<1  g^^"^*^^^  (^e^*  1  0€JH^)^^'^ 
obtained.  The  last  fraction,  boiling  between  21Y**  and  220°,  af- 
forded, after  reduction  with  hydriodic  acid  and  fractioning,  phlorol, 
(  €H3  C  €H3 

-  CHj  and  homo-pyro-catechin  CJ^Hg  J  OH  , 
(OH  (OH 

which  last  substance  was  derived  from  creosol,  its  acid  methyl 

ether  OgHg  i  OCHj  precisely  as  pyro-catechin  was  in  the  previous 

(  OH 
fraction,  from  guaiacoL  Marasse  hence  concludes  that  Rhenish 
beech-wood  creosote  is  a  mixture  of  compounds  belonging  to  two 
parallel  series,  the  phenols  and  the  acid  methyl  ethers  of  pyro-cate- 
chin and  its  homologues.  And  since  the  first  members  of  the 
series  do  not  coincide  in  boiling  point,  the  first  member  of  the 
guaiacol  series  agreeing  with  the  second  member  of  the  phenol 
series,  it  is  obvious  that  that  portion  of  creosote  which  boils  at  the 
lowest  temperature  will  consist  of  the  first  member  of  the  phenol 
series,  L  e.,  phenol  itself 

Phenol  Bofling  OoAteool  Bomng 

Series.  point  Serte*.  point. 

Phenol,  CeH^(OH)^         184°  C, 


d^H.^OorCeHg 


sH,(OH) 
Cresol,    €^^4  ]  ^^^       203° 

r€H, 
Phlorol,  e^U^  \  €H3        220° 
(OH 


Guaiacol,  ^eH*']  e€H    ^^^"^  ^• 

Creosol,    ^jH,  )  OCfe,  219° 
(OH 


All  the  different  kinds  of  beech-wood  creosote  appear  to  be  identi- 
cal in  composition;  those  specimens  having  the  highest  boiling 
point,  which  contain  the  higher  members  of  these  parallel  series. — 
Ann.  Ch.  Pharm.,  clii,  69,  Oct.,  1869.  g.  f.  b. 

16.  On  Ocean  Ourrents^  in  relation  to  the  Distribution  of  Heat 
over  the  Glohe^  by  Jambs  Croll  of  the  Geological  Survey  of  Scot- 
land. (PhiL  Mag.,  Feb.  1870.) — \.  The  abeolvJte  Heating-power  of 
Ocean-currents, — *  *  *  From  an  examination  of  the  published  sec- 
tions [of  the  Gulf  Stream]  some  years  ago,*  I  came  to  the  conclu- 

*  PhiloBophioal  Magazine  for  Februaiy,  1867,  p.  127. 
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sion  that  the  total  quantity  of  water  conveyed  by  the  stream  is  prob- 
ably equal  to  that  of  a  stream  50  miles  broad  and  1000  feet  deep,* 
flowing  at  the  rate  of  four  miles  an  hour,  and  that  tbe  mean  tempe- 
rature of  the  entire  mass  of  moving  water  is  not  under  65^  at  the 
moment  of  leaving  the  Gul£  I  thimc  we  are  warranted  to  conclude 
that  the  stream,  b^ore  it  returns  from  its  northern  journey,  is  on 
an  average  cooled  down  to  at  least  40°;  consequently  it  loses  25°  of 
heat.  Each  cubic  foot  of  Water,  therefore,  in  this  case  canies  from 
the  tropics  for  distribution  upwards  of  1500  units  of  heat,  or 
1,158,000  foot-pounds.  According  to  the  above  estimate  of  the 
size  and  velocity  of  the  stream,  5,575,680,000,000  cubic  feet  of 
water  are  conveyed  from  the  Gulf  per  hour,  or  133,816,320,000,000 
cubic  feet  daily.  Consequently  the  total  quantity  of  heat  trans- 
ferred from  the  equatorial  regions  per  day  by  the  stream  amounts 
to  154,959,300,000,000,000,000  footrpounds. 

From  observations  inade  by  Sir  John  Herschel  and  by  M.  Pouil- 
let  on  the  direct  heat  of  the  sun,  it  is  found  that,  were  no  heat 
absorbed  by  the  atmosphere,  about  83  foot-pounds  per  second 
would  fall  upon  a  square  foot  of  surface  placed  at  right  angles  to 
the  sun's  rays.f  Mr.  Meech  estimates  that  the  quantitv  of  heat 
cut  off  by  the  atmosphere  is  equal  to  about  22  per  cent  of  the  total 
amount  received  from  the  sun.  M.  Pouillet  estimates  the  loss  at 
24  per  cent  Taking  the  former  estimate,  64*74  foot-pounds  per 
second  will  therefore  be  the  quantity  of  heat  falling  on  a  square 
foot  of  the  earth's  surface  when  the  sun  is  in  the  zenith.  And 
were  the  sun  to  remain  stationary  in  the  zenith  for  twelve  hours, 
2,796,763  foot-pounds  would  fall  upon  the  surface. 

It  can  be  shown  that  the  total  amount  of  heat  received  upon  a 
unit  surface  on  the  equator  during  the  twelve  hours  from  sunrise 
till  sunset  at  the  time  of  the  equinoxes  is  to  the  total  amount  which 
would  be  received  upon  that  surface,  were  the  sun  to  remain  in 
the  zenith  during  those  twelve  hours,  as  the  diameter  of  a  circle  to 
half  its  circumference,  or  as  1  to  1*5708.  It  follows,  therefore, 
that  a  square  foot  of  surface  on  the  equator  receives  from  the  sun 
at  the  time  of  the  equinoxes  1,780,474  foot-pounds  daily,  and  a 
square  mile  49,636,750,000,000,  foot-pounds  daily.  But  this 
amounts  to  only  Tra+my  P^^  ^^  ^^®  quantity  of  heat  daily  con- 
veyed from  the  tropics  by  the  Gulf-stream.  In  other  words,  the 
Gulf-stream  conveys  as  much  heat  as  is  received  from  the  sun  by 
3,121,870  square  miles  at  the  equator.  The  amount  thus  conveyed 
is  equal  to  all  the  heat  which  falls  upon  the  globe  within  63  miles 
on  each  side  of  the  equator.  According  to  calculations  made  by 
Mr.  Meech,;^  the  annual  quantity  of  heat  received  by  a  unit  surface 
on  the  frigid  zone,  taking  the  mean  of  the  whole  zone,  is  ^^  of 

♦  The  Gulf-stream  at  the  narrowest  place  examined  by  the  Coast  Survey,  and 
the  place  where  itn  velocity  was  greatest,  was  found  to  be  over  30  statute  miles 
broad  and  1950  feet  deep.  But  we  must  not  suppose  this  represents  all  the  warm 
water  which  is  received  by  the  Atlantic  from  the  equator;  a  great  mass  of  water 
flows  into  the  Atlantic  without  passing  through  the  Straits  of  Florida. 

J  Trans,  of  Roy.  Soa  of  Edinb.,  vol  xii,  p.  57.    Phil.  Mag.,  S.  4,  voL  ix,  p.  36. 
Smithsonian  Contributions  to  Knowledge,  vol.  ix. 
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that  received  at  the  equator ;  consequently  the  quantity  of  heat 
conveyed  by  the  Gulf-stream  in  one  year  is  equal  to  the  heat  which 
falls  on  an  average  on  6,873,800  square  miles  of  the  arctic  regions. 
The  frigid  zone  or  arctic  regions  contain  8,130,000  square  miles. 
There  is  actually,  therefore,  nearly  as  much  heat  transferred  from 
tropical  regions  by  the  Gulf-stream  as  is  received  from  the  sun  by 
the  entire  arctic  regions,  the  quantity  conveved  by  the  stream  to 
that  received  from  the  sun  by  those  regions  being  as  15  to  18. 

But  we  have  been  assuming  in  our  calculations  that  the  percent- 
age of  heat  absorbed  by  the  atmosphere  is  no  greater  in  polar 
regions  tjban  it  is  at  the  equator,  which  is  not  the  case.  If  we 
make  due  allowance  for  the  extra  amount  absorbed  in  polar  regions 
in  consequence  of  the  obliqueness  of  the  sun's  rays,  the  total  quan- 
tity of  heat  conveyed  by  the  Gulf-stream  will  probably  nearly 
equal  the  amount  received  from  the  sun  by  the  entire  arctic 
regions. 

If  we  compare  the  quantity  of  heat  conveyed  by  the  Gulf-stream 
with  that  conveyed  by  means  of  atrial  currents,  the  result  is  equally 
startling.  The  density  of  air  to  that  of  water  is  as  1  to  770,  and 
its  specific  heat  to  that  of  water  is  as  1  to  4*2 ;  consequently  the 
same  amount  of  heat  that  would  raise  1  cubic  foot  of  water  1® 
would  raise  770  cubic  feet  of  air  4**-2,  or  3234  cubic  feet  1°.  The 
quantity  of  heat  conveyed  by  the  Gulf-stream  is  therefore  equal 
to  that  which  would  be  conveyed  by  a  current  of  air  3234  times 
the  volume  of  the  Gulf-stream,  at  the  same  temperature  and  mov- 
ing with  the  same  velocity.  Taking,  as  before,  the  width  of  the 
stream  at  50  miles,  and  its  depth  at  1000  feet,  and  its  velocity  at 
4  miles  an  hour,  it  follows  that,  in  order  to  convey  an  equal  amount 
of  heat  from  the  tropics  by  means  of  an  atrial  current,  it  would 
be  necessary  to  have  a  current  about  1  ^  mile  deep,  and  at  the  tem- 
perature of  65°,  blowing  at  the  rate  of  four  mues  an  hour  from 
every  part  of  the  equator  over  the  northern  hemisphere  towards 
the  pole.  If  its  velocity  were  equal  to  that  of  a  good  sailing- 
breeze,  which  Sir  John  Herschel  states  to  be  about  twenty-one 
miles  an  hour,  the  current  would  require  to  be  above  1200  feet 
deep.  A  greater  quantity  of  heat  is  probably  conveyed  by  the 
Gulf-stream  alone  from  tne  tropical  to  the  temperate  and  arctic 
regions  than  by  all  the  atrial  currents  which  flow  from  the  equator. 

«  *  «  «  4c 

The  anti-trades  or  upper  return-currents,  as  we  have  seen,  bring 
no  heat  from  the  tropical  regions.  After  traversing  some  2000 
miles  in  a  region  of  extreme  cold  they  descend  on  the  Atlantic  as 
a  cold  current,  and  there  absorb  the  heat  and  moisture  which  thej 
carry  to  northeastern  Europe.  Those  atrial  currents  derive  their 
heat  from  the  Gulf-stream,  or  if  it  is  preferred,  from  the  warm 
water  poured  into  the  Atlantic  by  the  Gulf-stream.  How,  then, 
are  these  winds  heated  by  the  warm  water  ?  The  air  is  heated  in 
two  ways,  viz :  by  direct  radicUion  from  the  water,  and  by  c<mt€tc$ 
with  the  water.  Now,  if  the  Gulf-stream  continued  a  narrow  and 
deep  current  during  its  entire  course  similar  to  what  it  is  at  the 
Straits  of  Florida,  it  could  have  little  or  no  opportunity  of  com- 
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manicating  its  heat  to  the  air  either  by  radiation  or  by  contact. 
If  the  stream  was  only  about  40  or  50  miles  in  breadth,  the  atrial 
particles  in  their  passage  across  it  would  not  be  in  contact  with 
warm  water  more  than  an  hour  or  two.  Also  the  number  of  the 
particles  in  contact  with  the  water,  owing  to  the  narrowness  of 
the  stream,  would  be  small,  and  there  would  therefore  be  little 
opportunity  for  the  air  becoming  heated  by  contact.  The  same 
also  holds  true  in  regard  to  radiation.  The  more  we  widen  the 
stream  and  increase  its  area,  the  more  we  increase  its  radiating 
surface ;  and  the  greater  the  radiating  surface,  the  greater  is  the 
quantity  of  heat  thrown  off.  But  this  is  not  all ;  the  number  of 
atrial  particles  heated  by  radiation  increases  in  proportion  to  the 
area  of  the  radiating  surface ;  consequently  the  wider  the  area  over 
which  the  waters  of  the  Gulf-stream  are  spread,  the  more  effectual 
will  the  stream  be  as  a  heating-agent.  And,  again,  in  order  that 
a  very  wide  area  of  the  Atlantic  may  be  covered  with  the  warm 
waters  of  the  stream,  slowness  of  motion  is  essential    *    *    * 

The  quantity  of  heat  conveyed  by  the  Gulf-stream,  as  we  have 
seen,  is  equal  to  all  the  heat  received  from  the  sun  by  3,121,870 
square  miles  at  the  equator.  Mr.  Findlay,  however,  as  has  been 
stated,  thinks  that  I  have  doubled  the  actual  volume  of  the  stream. 
Assuming  that  I  have  done  so,  the  amount  of  heat  carried  by  the 
stream  would  still  be  equal  to  all  the  heat  received  from  the  sun 
by  1,560,935  square  miles  at  the  equator.  The  mean  annual  quan- 
tity of  heat  received  from  the  sun  by  the  temperate  regions  per 
umt  surface  is  to  that  received  by  the  equator  as  9-83  to  12.*  Con- 
sequently the  quantity  of  heat  conveyed  by  the  stream,  taking 
Mr.  Findlay*8  estimate  of  its  volume,  is  equal  to  all  the  heat 
received  from  the  sun  by  2,062,960  square  nules  of  the  temperate 
regions.  The  total  area  of  the  Atlantic  from  the  latitude  of  the 
Straits  of  Florida,  200  miles  north  of  the  tropic  of  Cancer,  up  to 
the  Arctic  Circle,  including  also  the  German  Ocean,  is  about 
8,500,000  square  miles.  In  this  case  the  quantity  of  heat  carried 
by  the  Gulf-stream  into  the  Atlantic  through  the  Straits  of  Florida, 
to  that  received  by  this  entire  area  from  the  sun,  is  as  1  to  4*12, 
or  in  round  numbers  as  1  to  4.  It  therefore  follows  that  one-fifth 
of  all  the  heat  possessed  by  the  waters  of  the  Atlantic  over  that 
area,  even  supposing  that  they  absbrb  every  ray  that  falls  upon 
them,  is  derived  from  the  Gulf  stream.  Would  those  who  call  in 
question  the  efficiency  of  the  Gulf-stream  be  willing  to  admit  that 
a  decrease  of  one-fourth  in  the  total  amount  of  heat  received  from 
the  sun,  over  the  entire  area  of  the  Atlantic  from  within  200  miles 
of  the  tropical  zone  up  to  the  arctic  region,  would  not  sensibly 
affect  the  climate  of  N  orthem  Europe  ?  If  they  would  not  wiU- 
ingly  admit  this,  why,  then,  contend  that  the  Gulf-stream  does  not 
attect  climate  ?  for  the  stoppage  of  the  Gulf-stream,  taking  it  at 
Mr.  Findlay's  estimate,  would  deprive  the  Atlantic  of  77,479,650, 
000,000,000,000  foot-pounds  of  energy  in  the  form  of  heat  per  day, 
a  quantity  equal  to  one-fourth  of  j3i  the  heat  received  from  the 
sun  by  that  area. 

*  See  Smithsonian  Contributions  to  Knowledge,  vol  ix. 
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Were  the  sun  extinguished,  the  temperature  oyer  the  whole 
earth  would  sink  to  nearly  that  of  stellar  space,  which,  according 
to  the  investigations  of  Sir  John  Herschel*  and  of  M.  Pouillet,t  is 
not  above  — 239°  F.  Were  the  earth  possessed  of  no  atmosphere, 
the  temperature  of  its  surface  would  sink  to  exactly  that  of  space, 
or  to  that  indicated  by  a  thermometer  exposed  to  no  other  heatr 
influence  than  that  of  radiation  from  the  stars.  But  the  presence 
of  the  atmospheric  envelope  would  slightly  modify  the  conditions 
of  things ;  for  the  heat  from  the  stars  (which  of  course  constitutes 
what  is  called  the  temperature  of  space)  would,  like  the  sun's  heat, 
pass  more  freely  through  the  atmosphere  than  the  heat  radiated 
back  from  the  earth,  and  there  would  in  consequence  of  this  be  an 
accumulation  of  heat  on  the  earth's  surface.  The  temperature 
would  therefore  stand  a  little  higher  than  that  of  space ;  or,  in 
other  words,  it  would  stand  a  little  higher  than  it  would  otherwise 
do  were  the  earth  exposed  in  space  to  the  direct  radiation  of  the 
stars  without  the  atmospheric  envelope.  But,  for  reasons  which 
will  presently  be  stated,  we  may  in  the  mean  time,  till  ftirther  light 
is  oast  upon  this  matter,  take  — 239°  F.  as  probably  not  far  from 
what  would  be  the  temperature  of  the  earth's  surface  were  the 
sun  extinguished. 

Suppose,  now,  that  we  take  the  mean  annual  temperature  of  the 
Atlantic  at,  say,  66^I  Then  230**+66°=296°  represents  the  num- 
ber of  degrees  of  rise  due  to  the  heat  which  it  receives.  In  other 
words,  it  takes  all  the  heat  that  the  Atlantic  receives  to  maintain  its 
temperature  296°  above  the  temperature  of  space.  Stop  the  Gulf- 
stream,  and  the  Atlantic  would  be  deprived  of  one-fifth  of  the  heat 
which  it  possesses.  Then,  if  it  takes  five  parts  of  heat  to  main- 
tain a  temperature  of  296®  above  that  of  space,  the  four  parts 
which  would  remain  after  the  stream  was  stopped  would  only  be 
able  to  maintain  a  temperature  of  four-fifths  of  296°  or  236**  above 
that  of  space :  the  stoppage  of  the  Gulf-stream  would  therefore  de- 
prive the  Atlantic  of  an  amount  of  heat  which  would  be  sufficient 
to  maintain  its  temperature  69<>  above  what  it  would  otherwise 
be,  did  it  depend  alone  upon  the  heat  received  dii*ectly  from  the 
sun.  It  does  not,  of  course,  follow  that  the  Gulf-stream  actually 
maintains  the  temperature  69**  above  what  it  would  otherwise  he 
were  there  no  ocean-currents,  because  the  actual  heating-effect  of 
the  stream  is  neutralized  to  a  very  considerable  extent  by  cold 
currents  from  the  arctic  regions.  But  69**  of  rise  represent  its 
actual  power;  consequently  69**,  minus  the  lowering  enect  of  the 
cold  currents,  repres^it  the  actual  rise.  What  the  rise  may 
amount  to  at  any  particular  place  must  be  determined  by  other 
means.        *        ♦        ♦ 

♦  'Meteorology,'  Section  36. 

f  Comptes  Rendns,  July  9,  1838.  Taylor's  Sdentiflc  MenKnrs,  vol  ix,  p.  44, 
(1846). 

X  The  mean  temperature  of  the  Atlantic  between  the  tropics  and  the  arctic 
circle,  acoordmg  to  Admiral  FitsBoy's  chart,  is  about  60^.  But  he  assigns  far  too 
high  a  temperature  for  latitudes  above  50^.  It  is  probable  that  60^  is  not  far  from 
the  troth. 
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At  present  there  is  a  difference  merely  of  80°  between  the  mean 
temperature  of  the  equator  and  the  poles  ;*  but  were  each  part  of 
the  globe's  surface  to  depend  alone  upon  the  direct  heat  which  it 
receives  from  the  sun,  there  ought,  according  to  theory,  to  be  a 
difference  of  more  than  200^.  The  annual  quantity  of  heat  received 
at  the  equator  to  that  received  at  the  poles,  supposing  the  propor- 
tionate quantity  absorbed  by  the  atmosphere  to  be  the  same  in 
both  cases,  is  as  12  to  4*98,  or,  say,  as  12  to  5.  Consequently  if 
the  temperatures  of  the  equator  and  the  poles  be  taken  as  propor- 
tionate to  the  absolute  amount  of  heat  received  from  the  sun,  then 
the  temperature  of  the  equator  above  that  of  space  must  be  to 
that  of  uie  poles  above  that  of  space  as  12  to  5.  What  ought, 
therefore,  to  be  the  temperatures  of  the  equator  and  the  poles,  did 
each  place  depend  solely  upon  the  heat  which  it  receives  directly 
from  the  sun  ?  Were  all  ocean  and  aerial  currents  stopped,  so  that 
there  could  be  no  transference  of  heat  from  one  part  of  the  earth's 
surface  to  the  other,  what  ought  to  be  the  temperatures  of  the 
equator  and  the  poles  ?  We  can  at  least  arrive  at  a  rough  esti- 
mate on  this  point.  If  we  diminish  the  quantity  of  warm  water 
conveyed  from  the  equatorial  regions  to  the  temperate  and  arctic 
regions,  the  temperature  of  the  equator  will  begm  to  rise  and  the 
temperature  of  the  poles  to  sink.  It  is  probable,  however,  that 
this  process  would  anect  the  temperature  of  the  poles  more  than 
it  would  do  that  of  the  equator;  lor  as  the  warm  water  flows  from 
the  equator  to  the  poles,  the  area  over  which  it  is  spread  becomes 
less  and  less.  But  as  the  Ivater  from  the  tropics  has  to  raise  the 
temperature  of  the  temperate  regions  as  well  as  the  polar,  the  dif- 
ference of  effect  at  the  equator  and  poles  might  not,  on  that 
account,  be  so  very  great.  Let  us  take  a  rough  estimate.  Say 
that,  as  the  temperature  of  the  equator  rises  one  degree,  the  tem- 
perature of  the  poles  sinks  about  one  degree  and  a  hal£  The 
mean  annual  temperature  of  the  globe  is  about  68°.  The  mean 
ten^rature  of  the  equator  is  80°,  and  that  of  the  poles  0°.  Let 
ocean  and  atrial  currents  now  begin  to  cease,  the  temperature  of 
the  equator  begins  to  rise  and  the  temperature  of  the  poles  to  sink. 
For  every  degree  that  the  equator  rises  the  poles  sink  \\°\  and 
when  the  currents  are  all  stopped  and  each  place  dependent  alone 
upon  the  direct  rays  of  the  sun,  the  mean  annual  temperature  of 
the  equator  above  that  of  space  will  be  to  that  of  the  poles, 
above  that  of  space,  as  12  to  5.  When  this  proportion  is  reached, 
the  equator  will  be  874**  above  that  of  space,  and  the  poles  166°; 
for  374  is  to  166  as  12  is  to  6.  The  tem)>erature  of  space  we  have 
seen  to  be  — 239**,  consequently  the  temperature  oi  the  equator 
will  in  this  case  be  136°,  reckoned  from  the  zero  of  the  Fahren- 
heit thermometer,  and  the  poles  83°  below  zero.  The  equator 
would  therefore  be  66°  warmer  than  at  present,  and  the  poles  88^ 
colder.  The  difference  between  the  temperature  of  the  equator 
and  the  poles  will  in  this  case  amount  to  218^. 

*  The  mean  temperature  of  the  equator,  aooording  to  Dove,  is  t9^*7,  and  that 
of  the  north  pole  2°*3.  But  as  there  is  of  course  some  imcertamty  regarding  the 
actual  mean  temperature  of  the  poles,  we  may  take  the  difference  in  round  num- 
bers at  80®. 
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Now,  if  we  take  into  account  the  quantity  of  positive  energy  in 
the  form  of  heat  carried  by  warm  currents  from  the  equator  to 
the  temperate  and  polar  regions,  and  also  the  quantity  of  negative 
energy  (cold)  carried  by  cold  currents  from  the  polar  regions  to 
the  equator,  we  shall  find  that  they  are  sufficient  to  reduce  the  dif- 
ference of  temperature  between  the  poles  and  the  equator  from 
218°to80^ 

The  quantity  of  heat  received  in  the  latitude  of  London,  for 
example,  to  that  received  at  the  equator  is  about  as  12  to  8.  This, 
according  to  theory,  should  produce  a  difference  of  about  125®, 
The  temperature  of  the  equator  above  that  of  space,  as  we  have 
seen,  would  be  374*^.  Therefore  249**  above  that  of  sp^ce  would 
represent  the  temperature  of  the  latitude  of  London.  This  would 
give  10**  as  its  temperature.  The  stoppage  of  all  ocean  and  atrial 
currents  would  thus  increase  the  difference  between  the  equator 
and  the  latitude  of  London  by  about  85**.  The  stoppage  of  ocean- 
currents  would  not  be  nearly  so  much  felt,  of  course,  m  the  latitude 
of  London  as  at  the  equator  and  the  poles,  because,  as  has  been 
already  noticed,  in  all  latitudes  midway  between  the  equator  and 
the  poles  the  two  sets  of  currents  to  a  considerable  extent  compen- 
sate each  other ;  viz.  the  warm  currents  from  the  equator  raise  the 
temperate,  while  the  cold  ones  from  the  poles  lower  it ;  but  as  the 
warm  currents  chiefly  keep  on  the  surface  and  the  cold  retum-cui^ 
rents  are  principally  underK5urrents,  the  heating  effect  very  greatly 
exceeds  tne  cooling  effect.  Now,  as  we  have  seen,  the  stoppage 
of  all  currents  would  raise  the  temperature  of  the  equator  56  ; 
that  is  to  say,  the  rise  at  the  equator  alone  would  increase  the  dif- 
ference of  temperature  between  the  equator  and  that  of  London 
by  55**.  But  the  actual  difference,  as  we  have  seen,  ought  to  be 
86°;  consequently  the  temperature  of  London  would  be  lowered 
30**  by  the  stoppage  of  the  currents.  For  if  we  raise  the  tempera- 
ture of  the  equator  66°  and  lower  the  temperature  of  London  80**, 
we  then  increase  the  difference  by  85**.  The  normal  temperature 
of  the  latitude  of  London  being  40°,  the  stoppage  of  all  ocean 
and  atrial  currents  would  thus  reduce  it  to  10**.  But  the  Gulf- 
stream  raises  the  actual  mean  temperature  of  London  10**  above 
the  normal  Consequently  30*'+10°=40°  represents  the  actual 
rise  at  London  due  to  the  influence  of  the  Gulf-stream  over  and 
above  all  the  lowering  effects  resulting  from  arctic  currents.  On 
some  parts  of  the  American  shores  on  the  latitude  of  London,  the 
temperature  is  10°  below  the  normal  The  stoppage  of  all  ocean 
and  atrial  currents  would  therefore  lower  the  temperature  there 
only  20°.         *         *        ♦ 

[The  author  next  shows  that  the  climate  of  the  arctic  must  be 
aflfected  by  the  Gulf-stream ;  and  also  that  the  low  temperature  of 
the  southern  hemisphere  is  owing  to  the  Ocean-currentsj. 

WithotU  Ocean-currents  the  &lobe  would  not  be  hahUahle. — All 
these  foregoing  considerations  show  to  what  an  extent  the  climatic 
condition  of  our  globe  is  due  to  the  thermal  influences  of  ocean- 
currents. 
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As  regards  the  northern  hemisphere,  we  have  two  immense 
oceans,  the  Pacific  and  the  Atlantic,  extending  from  the  equator 
to  near  the  north  pole,  or  perhaps  to  the  pole  altogether.  Between 
these  two  oceans  he  two  great  continents,  the  eastern  and  the  west- 
em.  Owing  to  the  earth's  spherical  form,  by  far  too  much  heat  is 
received  at  the  equator  and  by  far  too  little  at  high  latitudes  to 
make  the  earth  a  suitable  habitation  for  sentient  beings.  The 
function  of  these  two  great  oceans  is  to  remove  the  heat  from  the 
equator  and  carry  it  to  temperate  and  polar  regions.  Aerial  cur- 
rents could  not  do  this.  They  might  remove  the  heat  from  the 
equator,  but  they  could  not,  as  we  have  already  seen,  carry  it  to 
the  temperate  and  polar  regions ;  for  the  greater  portion  of  the 
heat  which  atrial  currents  remove  from  the  equator  is  dissipated 
into  stellar  space :  the  ocean  can  alone  convey  the  heat  to  distant 
shores.  But  atrial  currents  have  a  most  important  function ;  for 
of  what  avail  would  it  be,  though  ocean-currents  should  carry  heat 
to  high  latitudes,  if  there  were  no  means  of  spreading  the  heat 
thus  conveyed  over  the  land  ?  The  function  of  atrial  currents  is 
to  do  this.  Upon  this  twofold  arrangement  depends  the  thermal 
condition  of  the  globe.  Exclude  the  waters  of  the  Pacific  and 
the  Atlantic  from  temperate  and  polar  regions  and  place  them  s^ 
the  equator,  and  nothing  now  existing  on  the  globe  could  live  in 
high  latitudes. 

Were  these  two  great  oceans  placed  beside  each  other  on  one 
side  of  the  globe,  and  the  two  great  continents  placed  beside  each 
other  on  the  other  side,  the  northern  hemisphere  would  not  then 
be  suitable  for  the  present  order  of  things :  tne  land  on  the  central 
and  on  the  eastern  side  of  the  united  continent  would  be  by  far 
too  cold.        *        ♦        * 

II.   GEOLOGY. 

1.  SurirPictures  of  Rocky  Mountain  Scenery ;  by  Dr.  F.  V. 
Haydbn,  Pro£  of  Mineralogy  and  Geology  in  the  University  of 
Pennsylvania. — We  have  been  permitted  to  make  the  following 
extracts  from  a  work  of  the  above  title,  by  Dr.  Hayden,  which  is 
soon  to  be  published  by  Julius  Bien  of  New  Tort*  The  volume 
will  contain  thirty  photographic  views  along  the  line  of  the  Pacific 
railroad  from  Omaha  to  Sacramento,  and  besides  a  description  of 
the  geographical  and  geological  features  of  the  country,  by  Dr. 
Hayden,  wnose  researches  over  the  Rocky  Mountains  have  often 
been  chronicled  in  this  Journal  We  understand  that  the  views 
selected  for  publication  are  generally  those  that  illustrate  the  geo- 
graphical and  geological  features  of  the  region,  and  are  interesting 
to  the  student  of  science  as  well  as  to  the  artist  and  the  lovers  of 
the  picturesque  in  nature. 

Communications  on  the  Fossil  Plants,  Mammals,  Fishes,  Insects, 
Aa,  have  been  contributed  by  Messrs.  Newberry,  Leidy,  Cope,  and 

*  The  work  will  be  issued  to  subscribers  only,  at  $25  per  copj,  and  subscriptionB 
should  be  addressed  to  Julius  Bien,  lithographer,  16  and  IS  Park  Plaoe,  New  York 
Oi^. 
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Scudder,  and  otir  extracts  are  from  these  papers,  and  from  some  of 
the  notes  of  Dr.  Hayden,  fomished  us  by  hmi. 

Photograph  No.  9,  illustrates  a  peculiar  feature  of  the  surface 
near  the  junction  of  Hilter  Creek  with  Green  river.  The  forma- 
tions are  composed  of  thin  layers  of  fine  sand,  clay  and  sandstones 
or  chalky  limestones  readily  disintegrating  on  the  surface,  and,  as 
it  were,  breaking  down,  so  that  the  water  has  worn  an  ahoiost  un- 
limited series  of  i^irrows  or  small  ridges  with  considerable  imiform- 
ity ;  sometimes  on  the  summits  of  the  hills  or  ridses  harder  portions 
are  left,  which  wear  into  castellated  forms.  This  peculiar  appear- 
ance of  the  surface  is  not  uncommon  all  oyer  the  west  where  the 
Cretaceous  and  Tertiary  formations  prevail,  especially  where  they 
are  composed  of  rather  soft  clays  and  sands.  The  black  plastic 
clays  of  the  Cretaceous  beds  on  tne  Upper  Missouri  are  subject  to 
this  style  of  weathering,  as  well  as  much  of  the  country  usually 
termed  the  "  Bad  Lands." 

This  appearance  of  the  surface  carries  with  it,  also,  the  aspect  of 
desolation.  There  is  little  vegetation  but  the  wild  sage,  Chenopo- 
diaceous  shrubs,  and  other  plants  which  love  the  alkaline  soils.  Lit- 
tle depressions  occur  here  and  there  in  which  the  surface  waters 
accumulate  in  wet  weather ;  but  in  the  dry  season  the  water  evap- 
orates and  the  surface  is  left  with  a  thicK  incrustation  of  salts  of 
soda,  magnesia,  &a  I  have  called  the  formation  along  Green 
river,  the  Green  river  shales,  from  the  fact  that  the  sediments  are 
arranged  in  regular  layers,  mostly  thin  like  shale,  varying,  how- 
ever, m  thickness,  from  that  of  a  knife  blade  to  several  feet.  This 
laminated  character  with  the  slight  variations  in  color  give  to  the 
hills  the  peculiar  branded  appearance  as  shown  in  Photographs  11 
and  12  of  "  Citadel  Rock  "  and  "  Castle  Rock." 

Photograph  No.  10,  illustrates  a  cut  along  the  railroad  through 
thin  layers  of  a  sort  of  cream-colored  chalky  limestone.  Some  of 
the  layers  are  of  a  dark  brown  color  and  so  saturated  with  petro- 
leum that  they  bum  with  a  good  deal  of  freedom.  This  cut  is 
usually  called  the  '^  Burning  Kock  cut "  from  the  fact  that  during 
the  progress  of  the  work,  the  men  built  a  fire  by  the  side  of  one  of 
the  walls,  and  the  rocks  ignited,  burning  for  some  days,  illuminating 
the  labors  of  the  workmen  by  night,  and  filling  the  valley  with  a 
dense  smoke  by  day.  Li  the  distance  may  be  seen  the  banks  of 
Green  river  formed  of  similar  rocks,  which  are  made  up  for  the  most 
part  of  silica,  lime,  and  some  clay,  excellent  material  for  the  pre- 
servation of  organic  remains.  Besides,  all  the  rocks  are  more  or 
less  impregnated  with  the  oily  substance  which  no  doubt  originated 
from  the  vast  quantities  of  animals  which  existed  in  this  l&e,  the 
remains  of  which  are  found  in  the  greatest  abundance  every  where. 
One  of  these  excavations  along  the  railroad  bears  the  name  of  the 
**  Petrified  Fbh  Cut,"  on  account  of  the  thousands  of  beautiful  and 
perfect  impressions  of  fishes  which  are  shown  on  the  surface  of  the 
thin  slabs  or  layers  of  rock.  Sometimes  a  dozen  or  two  of  these 
little  herring  are  found  on  an  area  of  a  square  foot.  Lisects, 
water  plants,  and  a  remarkable  specimen  of  ^feathm'  qf  a  bird  luui 
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been  found  here.  The  feather  Pro!  Marsh  regards  as  a  unique 
specimen,  forming  a  most  interesting  addition  to  the  bird  remams 
of  North  America.  It  is  the  distal  portion  of  a  large  feather,  with 
the  shaft  and  vane  in  such  excellent  preservation  that  it  may  per^ 
haps  indicate  approximately  the  nature  of  the  bird  to  which  it 
belonged. 

My  collection  of  fossil  fishes  from  these  shales  was  very  large, 
and  my  success  was  mostlv  due  to  the  kind  aid  of  Mr.  A.  W.  Hil- 
liard,  a  gentleman  of  intelligence,  who  superintended  the  excava- 
tions on  the  line  of  the  railroad,  and  preserved  from  time  to  time 
such  specimens  of  value  as  came  to  his  observation. 

Prof.  E.  D.  CoPB,  a  distinguished  comparative  anatomist  of 
Philadelphia,  has  kindly  prepared  the  following  account  of  the  pet* 
r^fiedjisn  remains  which  were  submitted  to  him  for  examination, 
especially  for  this  work.    Pro!  Cope  says : 

"  The  nshes  placed  In  my  hands  for  determination  by  you,  consist 
of  four  species,  viz :  one  Acanthopterygian,  Asineops  s^[uamifrons 
Cope,  and  three  Malacopterygians,  Clvpea  humilis  Leidy,  Clupea 
pttsilla  Cope,  Cyprinoaon  levattis  Cope.  Those  named  by  the 
writer  were  not  previously  known,  and  tne  Asineops  represents  also 
a  genus  not  before  brought  to  the  notice  of  scientinc  men.  In 
ormnary  language  the  last  mentioned  fish  is  a  perch,  but  in  no 
degree  similar  to  the  white  and  yellow  brought  to  our  markets. 
The  nearest  resemblance  in  general  structure  is  to  be  found  in  the 
black  bass  of  the  Ohio  and  Tennessee  rivers,  but  a  closer  similarity 
in  form  exists  in  the  Red  Eye  or  Goggled  Eyed  perch  of  western 
and  southern  rivers,  Ambloplites  of  Naturalists.  Zoologically  it 
is.  not  very  nearly  related  to  either,  for  it  combines  with  some  of 
their  characters,  others  now  existing  only  in  marine  fishes  of 
other  families.  It  is  an  aberrant  form  of  the  family  of  CheBtodons, 
which  embraces  marine  fishes  only,  and  which  chiefly  abound  at 
the  present  time  in  the  Indian  and  Pacific  Oceans.  But  the  form 
Mid  proportions  of  its  fins  and  scales  remind  one  very  much  of  the 
swamp  and  the  tide  water  sun  perch  of  New  Jersey,  {Acanthar- 
chius  pomotis  Baird,  Bryttus  sp.  etc),  and  suggest  a  similarity  of 
habit.  The  teeth  are  fine  and  the  dentition  brush-like  as  in  the 
fresh  water  and  many  marine  perch,  and  its  food  was  probably 
much  like  theirs.  As  far  as  zoological  evidence  goes,  there  is 
nothing  to  indicate  whether  this  species  belonged  to  fresh  or  salt 
water;  its  imarmed  character  constitutes  a  pecularity  much  more 
prevalent  among  fresh  water  than  marine  fishes,  while  its  zoolo- 

E'cal  affinities,  so  far  as  known,  are  altogether  with  marine  forms, 
i  size  this  fish  exceed  the  red  eye,  and  was  less  than  the  black 
bass,  averaging  about  as  the  yellow  pereh. 

^  The  Clupeas  are  herring  of  small  species,  considerably  less  than 
the  herring  of  our  coasts.  One  of  the  blocks  contains  the  remains 
of  two  small  shoals  of  the  fry,  probably  of  Clupea  humilis  which 
were  caught  suddenly  by  a  slide  or  fall  of  calcareous  mud,  and 
entombed  for  the  observation  of  future  students.  They  must  have 
been  taken  unawares,  since  they  lie  with  their  heads  all  in  one 
direction  as  they  swam  in  dose  bodies.    One  or  two  may  have  had 
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a  moment's  warning  of  the  catastrophe,  as  they  have  turned  a  little 
aside,  but  they  are  the  exceptions.  The  fry  are  from  one-half  to 
three  quarters  of  an  inch  long  and  upwards. 

"The  herring,  or  those  without  teetn,  are  chiefly  marine,  but  they 
run  into  fresh  water  to  deposit  their  spawn  in  the  spring  of  the 
year,  and  then  return  to  salt  waters.  The  young  run  down  to  the 
sea  in  autumn  and  remain  there  till  old  enough  to  spawn.  The 
size  of  the  fry  of  the  Rocky  Mountain  herring  mdicates  that  they 
had  not  long  left  their  spawning  ground,  wlule  the  abundance  of 
adults  suggests  that  they  were  not  far  from  salt  water,  their  native 
elemeut.  To  believe  then  that  the  locality  from  which  the  specimens 
were  taken,  was  neither  far  from  fresh  nor  far  from  salt  water,  is 
reasonable,  and  this  points  to  a  tide  or  brackish  inlet  or  river. 
Lastly,  the  species  of  Cyprinodon  inhabit  also  tide  and  brackish 
waters.  Most  of  the  species  of  the  family,  as  well  as  of  the  genus, 
are  inhabitants  of  fresh  water,  but  they  generally,  especially  the 
Cyprinodons  proper,  prefer  still  and  muddy  localities,  and  often 
occur  in  water  really  salt.  This  habitat  distinguishes  them  es- 
pecially from  Cyprinidae  (minnows  and  suckers)  and  Pike.  The 
materials  which  compose  the  shales  indicate  quiet  water,  and  not 
such  as  is  usually  selected  b^  herring  for  spawning  in,  while  the 
abundance  of  adult  Clupeas  indicate  the  proximity  of  salt  water. 
This  is  far  from  a  satisfactory  demonstration  of  the  nature  of  the 
water  which  deposited  this  mass  of  shales,  but  it  is  the  best  that  can 
be  attained  with  such  a  meagre  rej)resentation  of  specie& 

"As  to  geological  age,  the  indications  are  rather  more  satisfactory. 
The  genus  Clupea  ranges  from  the  Upper  Eocene  upward,  being 
abundant  in  the  slates  of  Lebanon  and  Monte  Bolca,  while 
Cyprinodon  has  been  found  in  neither,  but  first  appears  in  the 
middle  or  lower  Miocene  in  Europe.  The  Asineops  resemble  very 
closely,  and  I  believe  essentially,  the  Pyeaeus  of  Agassiz,  of 
Eocene  age,  from  Monte  Bolca.  The  peculiarities  presented  by 
the  genus  found  by  Dr.  Hayden  are  of  such  small  significance  as 
to  lead  me  to  doubt  the  beds  in  question  being  of  later. than 
Eocene  in  age,  though  the  evidence  rests  chiefly  on  this  single  new 
and  peculiar  genus. 

"  The  position  of  these  fishes,  7,000  feet  above  the  level  of  the  sea, 
furnishes  another  illustration  of  the  extent  of  the  elevations  of 
regions  once  connected  with  the  ocean,  and  the  comparatively  late 
period  of  geological  time  at  which,  in  this  case,  this  elevation 
took  place. '' 

The  fossil  Insects  were  examined  by  Mr.  Samuel  H.  Scuddsb, 
of  Boston,  and  he  has  kindly  prepared  the  following  short  but  very 
interesting  note.  The  insects  were  found  in  the  same  locality  with 
the  fishes. 

"  The  fossil  insects  found  by  Dr.  Hayden  in  the  tertiary  shales 
of  Green  river,  belong  to  three  species,  one  being  an  ant,  the  others 
flies.  The  ant  is  rather  poorly  preserved  and  must  he  examined 
with  great  care  before  its  precise  character  can  be  determined. 

The  larger  fly,  of  which  we  can  distinguish  almost  the  whole  of 
the  body,  though  but  little  of  the  wings,  evidently  belonged  to 
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some  species  of  Syrphidce ;  it  is  nearly  three  quarters  of  an  inch 
in  length  and  seems  to  have  had  a  bright  colored  abdomen,  banded 
with  black.  In  their  perfect  state,  all  of  this  family  are  very  fond 
of  flowers,  but  the  typical  species  are  particularly  interesting  from 
the  peculiar  habits  oi  the  larveB ;  these  are  footless  grubs  which 
feed  on  plant  lice,  piercing  them  one  by  one,  and  sucking  out  their 
juice ;  it  is  more  lutely,  however,  that  our  species  belonged  to  one 
of  the  genera  whose  larvee  live  in  the  water,  or  about  decaying 
vegetable  substance? ;  larv»,  which  from  their  size  and  general  form 
might  well  produce  such  a  fly  as  this,  were  found  abundantly  by 
Professor  Denton ;  they  evidently  inhabited  the  water. 

The  other  fly,  judging  from  the  neuration  of  the  wings,  which 
is  pretty  well  preserved,  seems  to  beloi^  to  the  great  family  of 
MuscidcB^  of  wnich  the  common  house  nj  is  an  example ;  it  may 
probably  be  referred  to  a  section  in  which  they  are  nearly  or  quite 
wanting,  and  where  the  larvae  ordinarily  feed  upon  dead  animal 
matter  or  upon  decomposing  plants.  Belonging  to  the  same  group 
and  perhaps  already  allied,  are  the  species  of  Mphydra  which  live 
in  salt  marshp,  and  frequent  salt  pans  to  such  an  extent  as  to  be 
very  troublesome ;  they  have  been  discovered  in  the  saline  waters 
of  some  Nevadan  lakes,  and  Professor  Denton  states  that  dipterous 
larvas,  probably  of  a  similar  kind,  are  found  in  great  numbers  in 
lakes  impregnated  with  petroleum.  It  is  probable  that  the  shales, 
in  which  these  remains  occur,  were  deposited  in  such  a  lake.'' 

About  a  mile  west  of  the  "  Petrified  Fish  Bed,"  is  a  cut  along 
the  railroad  which  passes  through  a  moderate  thickness  of  bun, 
chalky  limestone  filled  with  impressions  of  leaves  of  deciduous  trees. 
These  rocks  hold  a  position  about  one  hundred  feet  above  the  petro- 
leum shales  which  contain  the  fish  remains,  and  therefore  the  date  of 
their  existence  may  be  regarded  as  somewhat  subsequent,  though 
belonging  to  the  same  basin.  Prof  J.  S.  Newberry  has  given  these 
plants  a  partial  examination,  and  communicated  the  following  in- 
teresting notes  in  the  form  of  a  letter. 

^^  I  have  examined  the  plants  from  the  Green  River  beds  with  as 
much  care  as  the  limited  time  at  my  command  would  permit,  and 
am  surprised  in  not  finding  among  them  a  single  species  contained 
in  any  of  your  other  great  collections  at  the  far  west.  They,  thus 
fer,  afford  no  certain  criteria  for  collating  the  Green  River  Tertia- 
ries  with  those  of  other  localities  where  you  have  studied  them. 
The  plants  from  the  rocks  enclosing  the  coal  at  Marshall's  mine  are 
more  significant,  as  they  include  species  UPlatanua  Haydeni^  which 
is  oertamly  different  from  P.  aceroidea)^  such  as  were  found  by 
you  at  Carbon  Station,  and  at  the  mouth  of  the  Yellow  Stone. 
Every  collection  of  fossil  plants  received  from  the  Tertiary  of  the 
west  brings  to  light  many  new  species,  and  the  great  diversity 
which  they  exhibit  proves  either  a  number  of  plant-bearing  hori- 
zons, or  great  localization  of  the  species  in  the  Tertiary  flora. 

"  Among  your  Green  River  plants,  are  only  some  half  dozen 
species,  so  well  preserved  as  to  be  capable  of  satisfactory  identifi- 
Am,  Joub.  Sol—Sboond  Sbkubs,  Vol,  L,  No.  148.— July,  1870. 
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cation  or  comjparison,  but  they  fonn  a  very  interesting  eronp. 
Among  them  I  find  two  pabns,  both  quite  unlike  anything  before 
found  on  this  continent.  One  is  a  new  PhenicUea^  resembling 
Heer's  Manicariaformoaa.  The  other  but  an  imperfect  fragment, 
is  yet  altogether  new  and  strange  to  me.  The  most  abundant  spe- 
cies contained  in  the  collection  is  a  Magnolia  allied  to  M.  terminer- 
me  Lesqx..  but  more  elongate  and  acute — also  an  oak  resembling 
Quercus  oaffordi  Lesqz.  There  is  another  oak  in  the  collection, 
a  laurel  (probably),  Augments  of  two  ferns  too  imperfect  for  de- 
termination. On  the  whole,  these  plants  resemble  most  those 
described  by  Lesquereux  firom  Mississippi,  and  I  am  inclined  to 
suspect  that  they  are  of  the  same  age.  This  would  make  the 
Green  River  beds  older  than  you  have  thought  them,  and  I  should 
want  more  material  before  venturing  anything  more  than  a  sug- 
gestion to  that  effect.  I  trust  you  will  be  able  to  make  other  c<^ 
fections  from  these  plant-beds  during  the  present  season. 

**  The  specimens  contained  in  the  bluff  marly  limestones  of  the 
Green  River  series  are  generally  not  well  pr^erved,  and  yet  I 
think  careful  search  at  the  locahty  where  these  plants  sent  me 
were  obtained  would  result  in  the  discovery  of  some  fine  things. 
I  would  especiallv  urge  a  search  for  fruits. 

*^  The  aspect  of  the  small  group  of  plants  now  before  me  from 
Green  River,  is  more  tropical  than  any  you  have  brought  from  the 
west,  and,  as  we  have  reason  to  believe  that  our  Eocene  climate 
was  warmer  than  the  Miocene,  and  that  from  the  Eocene  epoch 
to  the  Glacial  period  a  progressive  depression  of  temperature  took 
place,  the  Green  River  oeds  would  seem  to  be  of  early  rather  than 
of  late  Miocene." 

2.  On  the  Graphite  of  the  Lawrentian  of  Canada  ;  by  J.  W. 
Dawson.  (Jour,  GeoL  Soc.,  1869,  112). — ux  this  paner  Dr.  Daw- 
son sustains  the  view  that  the  graphite  of  the  Canaaa  Laurentian 
is  of  organic  origin,  and  shows  that  the  amount  of  ^graphite  in 
the  Lower  Laurentian  Series  is  enormous.''  A  limestone  m  tne  town- 
ship of  Buckingham  on  the  Ottawa,  which  is  600  feet  or  more  thick, 
witn  some  thr^  intercalated  bands  of  gneiss,  is  in  some  parts  on^ 
fourth  graphite,  and  the  whole  is  not  less  than  20  or  80  per  cent 
graphite.  In  the  adjoining  township  of  Lochaber,  a  band  of  lime- 
stone 25  to  30  feet  thick  is  so  reticulated  with  graphite,  that  it  is 
mined  for  it;  and  another  bed  in  the  same  district,  10  to  12  feet 
thick,  yielding  20  per  cent  of  the  pure  material,  is  worked*  It 
occurs  m  equiu  abundance  at  other  horizons  through  beds  of  Hme- 
stone  which  have,  according  to  Logan,  an  aggregate  thickness  of 
8600  feet.  In  view  of  the  facts  Dr.  Dawson  ad&  "it  is  scarcely 
an  exaggeration  to  maintain  that  the  quantity  of  carbon  in  tti^ 
Laurentian  is  equal  to  that  in  similar  areas  of  the  Carboniferous 
system." 

On  the  mode  of  occurrence  and  origin  the  author  observes : 

"The  beds  of  graphite  near  St.  John,  some  of  those  in  the  gneiss 
at  Ticonderoga  in  New  York,  and  at  Lochaber  and  Buckin^am 
and  elsewhere  in  Canada  are  so  pure  and  regular  that  one  might 
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flEurly  compare  them  with  the  grapjhitio  coal  of  Rhode  Island. 
These  instances,  however,  are  exceptional,  and  the  greater  part  of 
the  disseminated  and  vein  graphite  might  rather  be  compared  in  its 
mode  of  occurrence  to  the  bituminous  matter  in  bituminous  shales 
and  limestones.  We  may  compare  the  disseminated  graphite  to 
that  which  we  find  in  those  districts  of  Canada  in  which  oilurian 
and  Devonian  bituminous  shales  and  limestones  have  been  meta- 
morphosed and  converted  into  graphitic  rocks  not  dissimilar  to 
those  in  the  less  altered  portions  of  the  Laurentian.^  In  like 
manner  it  seems  probable  that  the  numerous  reticulating  veins  of 
graphite  may  have  been  formed  by  the  segregation  of  bituminous 
matter  into  fissures  and  planes  of  least  resistance,  in  the  manner 
in  which  such  veins  occur  in  modem  bituminous  limestones  and 
shales.  Such  bituminous  veins  occur  in  the  Lower  Carboniferous 
limestone  and  shale  of  Dorchester  and  Hillsborough,  New  Bnms- 
wich,  with  an  arrangement  very  similar  to  that  of  the  veins  of 
graphite;  and  in  the  Quebec  rocks  of  Point  Levi,  veins  attaining 
to  a  thickness  of  more  than  a  foot  are  filled  with  a  coaly  matter 
having  a  transverse  columnar  structure  and  regarded  by  Logan 
and  Hunt  as  an  altered  bitumen.  These  paleozoic  analogies 
would  lead  us  to  infer  that  the  larger  part  of  the  Laurentian  gra^ 
phite  falls  under  the  second  class  of  deposits  above  mentioned, 
and  that,  if  of  vegetable  origin,  the  organic  matter  must  have 
been  thoroughly  aisinte^*ated  and  bituminized  before  it  was 
changed  into  graphite.  This  would  also  eive  a  probability  that 
the  vegetation  implied  was  aquatic,  or  at  least  that  it  was  accu- 
mulated under  water. 

^'  Dr.  Hunt  has,  however,  observed  an  indication  of  terrestrial 
vegetation,  or  at  least  suba^rial  decay,  in  the  great  beds  of  Lau- 
rentian iron-ore.  These,  if  formed  in  the  same  manner  as  more 
modem  deposits  of  this  kind,  would  imply  the  reducing  and  sol- 
vent action  of  substances  produced  in  tne  decay  of  ^ants.  In 
this  case  such  great  ore  beds  as  that  of  Hull,  on  the  Ottawa,  70 
feet  thick,  or  that  near  Newborough,  200  feet  thick,f  must  repre- 
sent a  corresponding  quantity  of  vegetable  matter  which  has  to- 
tally disappeared.  It  may  be  added  that  similar  demands  on  veg- 
etable matter  as  a  deoxycuzing  agent  are  made  by  the  beds  and 
veins  of  metallic  sulphios  of  the  Laurentian,  though  some  of  the 
latter  are  no  doubt  of  later  date  than  the  Laurentian  rocks  them- 
selves." 

He  concludes  as  follows: 

"  We  may  sum  up  these  facts  and  considerations  in  the  following 
statements: — ^First,  that  somewhat  obscure  traces  of  organic  stmo- 
turecanbe  detected  in  the  Laurentian  graphite;  secondly,  that 
the  general  arrangement  and  microscopic  stmcture  of  the  substance 
corresponds  with  that  of  the  carbonaceous  and  bituminous  mat- 
ters in  marine  formations  of  more  modem  date;  thirdly,  that  if 
the  Laurentian  graphite  has  been  derived  from  vegetable  matter, 

*  Granbj,  Melbourne,  OwPs  Head,  ibo.,  *  Geology  of  Canada,'  1863,  p.  699. 
f  Geology  of  Oanada,  1863. 


Digitized  by  VjOOQIC 


132  Scientific  Intelligence. 

it  has  only  rmdergODe  a  metamorphosis  similar  in  kind  to  that 
which  organic  matter  in  metamorphosed  sediment  of  later  age  has 
experienced ;  fourthly,  that  the  association  of  the  graphitic  matter 
with  organic  limestone,  heds  of  iron  ore,  and  metallic  snlphids 
ffreatly  strengthens  the  probability  of  its  vegetable  origin ;  fifthly, 
uiat  when  we  consider  the  immense  thickness  and  extent  of  the 
Eozoonal  and  graphitic  limestones  and  iron-ore  deposits  of  the 
Lanrentian,  if  we  admit  the  organic  origin  of  the  limestone  and 
graphite,  we  must  be  prepared  to  believe  that  the  life  of  that  early 
period,  though  it  may  have  existed  under  low  forms,  was  most 
copiously  developed,  and  that  it  equalled,  perhaps  surpassed,  in  its 
results,  in  the  way  of  geological  accumulation,  that  of  any  subse- 
quent period, 

"In  conclusion,  this  subject  opens  up  several  interesting  fields  of 
chemical,  physiologjical  and  geological  inquiry.  One  of  these  re- 
lates to  the  conclusions  stated  by  Dr.  Hunt  as  to  the  probable  ex- 
istence of  a  large  amount  of  carbonic  acid  in  the  Laurentian  at- 
mosphere, and  of  much  carbonate  of  lime  in  the  seas  of  that 
period,  and  the  possible  relation  of  this  to  the  abundance  of  cer- 
tain low  forms  of  plants  and  animals.  Another  is  the  comparison, 
already  instituted  by  Professor  Huxley  and  Dr.  Carpenter,  between 
the  conditions  of  the  Laurentian  and  those  of  the  deeper  parts  of 
the  modem  ocean.  Another  is  the  possible  occurrence  of  other 
forms  of  animal  life  than  Eozoon  and  Annelids,  which  I  have  sta- 
ted in  my  paper  of  1864,  after  extensive  microscopic  study  of  the 
Laurentian  limestones,  to  be  indicated  by  the  occurrence  of  cal- 
careous fragments,  differing  in  structure  from  Eozoon^  but  at  pres- 
ent of  unknown  nature.  Another  is  the  effort  to  bridge  over,  by 
further  discoveries  similar  to  that  of  the  Eozoon  bavaricum  of 
Gtlmbel,  the  cap  now  existing  between  the  life  of  the  Lower-Lau- 
rentian  and  that  ot  the  Primordial  Silurian  or  Cambrian  period. 
It  is  scarcely  too  much  to  say  that  these  inquries  open  up  a  new 
world  of  thought  and  investigation,  and  hold  out  the  hope  of 
bringing  us  into  the  presence  of  the  actual  origin  of  orgamc  life 
on  our  planet,  though  this  may  perhaps  be  found  to  have  been 
Prelaurentian.  I  would  here  take  the  opportunity  of  stating  that 
in  proposing  the  name  Eozoon  for  the  firsib  fossil  of  the  Laurentian, 
ana  in  suggesting  for  the  period  the  name  ^£ozoio,'  I  have  by  no 
means  desired  to  exclude  the  possibility  of  forms  of  life  which 
may  have  been  precursors  of  what  is  now  to  us  the  dawn  of  op- 
sanic  existence.  Should  remains  of  still  older  organisms  be  found 
m  those  rocks  now  known  to  us  only  by  pebbles  in  the  Laurentian, 
these  names  will  at  least  serve  to  mark  an  important  stage  in 
geological  investigation. 

3.  On  Laurentian  Hocks  in  Kova  Scotia:  by  T.  Stebbt  Hunt, 
F.R.S. — ^The  American  Journal  of  Science  for  May,  1870,  contains 
a  paper  bj  Prof  H.  Y.  Hind  on  the  Gteology  of  Nova  Scotia,  in 
wmch  it  IS  said  that  Dr.  Honeyman,  in  the  autumn  of  1808,  dis- 
covered in  the  Arisaig  district,  ^*  syenites,  diorites,  and  crystalline 
limestones,  with  serpentine,  which  ne  then  supposed  to  be  of  Lau- 
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rentian  age,  as  be  infonned  me  subsequently  to  tbe  publication  of 
my  preliminary  report  on  the  Nova  Scotia  Laurentian.  Specimens 
were  sent  to  Montreal  for  examination,  and  instructions  were  given 
by  Dr.  Hunt,  who  also  shared  Dr.  Honeyman's  opinion,  to  the  lap- 
idary, to  prepare  sections  of  the  serpentmous  rocK  for  microscopic 
examination.  By  some  mischance  this  was  neglected,  and  the 
specimens  remained  unexamined,  and  indeed  forgotten  until  quite 
recently,  as  Dr.  Hunt  informs  me,  under  date  of  Feb.  3,  1870. 
When  submitted  to  the  microscopic  test  the  Eozoon  Canadenae 
was  distinctlv  seen,  and  Dr.  Dawson  has  confirmed  the  observa- 
tions." Prot  Hind  further  says  that  the  discovery  of  this  fossil 
"  enables  geologists  to  recognize  the  truth  of  Dr.  Honeyman's  opin- 
ions, although,  Dy  accident,  these  opinions  were  not  made  known 
or  confirmed  until  after  the  publication  of  my  report."  He  again 
refers  to  "  the  just  though  tardy  recognition  of  the  correctness  of 
Dr.  Honeymatfs  views  with  reference  to  the  age  of  the  limestones 
and  diorites  of  Arisaig."    Pages  354,  355. 

Prof  Hind  has  been  deceived  in  this  whole  matter,  and  as  he  is 
now,  and  has  been  for  some  months  absent  in  England^  I  feel  called 
upon,  in  the  interest  of  truth,  to  state  the  facts  in  the  case.  In 
the  spring  of  1869,  Dr.  Honeyman,  previously  employed  as  an 
explorer  by  the  Geological  Survey  of  Canada,  snowed  me,  in  Mon- 
treal, a  series  of  specimens  collected  by  him  the  autumn  pre\'ious, 
in  the  Arisaig  district,  and  including  besides  syenites  and  diorites, 
crystalline  limestones,  sometimes  mixed  with  a  pale  green  serpen- 
tine. These  were  at  once  noticed  by  Mr.  Murray  of  the  Geologi- 
cal Survey  of  Newfoundland,  who  was  present,  and  myself,  as 
having  a  close  lithological  resemblance  to  the  Laurentian  rocks, 
and  we  mentioned  the  fact  to  Dr.  Honeyman ;  while  I  at  once  sug- 
gested to  the  lapidary  of  the  Survey,  who  was  in  the  room,  that 
9iey  were  so  like  the  Eozoon-limestones  of  the  Ottawa  that 
it  would  be  well  to  prepare  slices  for  examination.  Meanwhile 
Dr.  Honeyman  never  made  to  myself.  Sir  William  Logan,  or  Dr. 
Dawson,  any  suggestions  as  to  the  geological  age  or  relations  of 
the  rocks  in  question,  and  in  his  official  report,  handed  to  Sir 
William  some  days  later,  not  only  neglects  to  mention  the  name 
of  Laurentian,  but  forgets  to  make  any  allusion  whatever  to  the 
diorites,  limestones  and  serpentines  in  question.  Farther,  in  sum- 
ming up  his  report,  he  concludes  that  the  district  examined  by 
him  includes  all  the  rocks  between  the  coal-measures  and  the  gold- 
bearing  slates,  thus,  by  implication,  excluding  anything  lower  in 
the  geological  series. 

I  see  no  reason  to  believe  that  the  name  of  Laurentian,  first 
applied  by  me  to  these  rocks  from  Arisaig,  in  Dr.  Honeyman's 
presence,  conveyed  to  his  mind,  at  the  time,  any  notion  of  geologi- 
cal age,  position,  or  succession,  or  that  he  attached  any  importance 
to  the  specimens  in  question,  except  as  ornamental  stones,  xmtil 
the  appearance  of  Prot  Hind's  first  notice  called  his  attention  to 
the  meaning  of  the  term,  and  to  the  published  descriptions  of  Lau- 
rentian rocks.    Were  it  otherwise,  his  total  silence  on  the  subject 
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from  the  autumn  of  1868  to  some  time  last  winter,  is  simply  incom- 
prehensible. 

To  Pro£  Hind  belongs  the  credit  of  haying  declared  that  the 
old  granitoid  rocks  of  the  region  are  clearly  stratified  gneisses, 
and  at  the  base  of  the  series  in  that  region ;  as  they  are  well 
known  to  be  on  the  north  side  of  the  Bay  of  Fundy,  where  they 
have  been  described  as  Laurentian,  and  examined  by  Dr.  Daw- 
son, Matthew  and  Bailey.  I  had,  however,  sought  m  vain  for 
Eozoon  in  the  serpentine-limestones  of  New  Brunswick,  but  on 
the  receipt  of  Prof  Hind's  preliminary  notice,  recalled  the  Arisaig 
specimens,  and  recognized  m  them  a  form  of  Eozoon,  which,  how- 
ever, according  to  Dr.  Dawson,  is  specifically  distinct  from  £ozoon 
Canadense. 

Montreal,  June  7,  1870. 

4.  TTie  Omithosanria :  an  elementary  study  of  the  bones  of 
Pterodactyles  ;  by  H.  6.  Seblbt  of  St.  John^s  College,  Cambridge : 
with  twelve  plates.  132  pp.  8vo,  1870.  (Deighton.  Bell  &  Co., 
Cambridge ;  Bell  &  Dalby,  London).  Index  to  the  lossil  Remains 
of  Aves^  OmithosavHa^  and  EeptUia^from  the  Secondary jystem 
of  strata^  arranged  in  the  Woodwardian  Museum  of  the  Univer- 
sity of  Cambridge.  By  H.  G.  Seelby,  of  St  John^s  College, 
Cambridge ;  with  a  prefatory  notice  by  the  Rev.  Adah  Sedgwick, 
LL.D.,  F.R.S.,  Wooawardian  Professor  and  Senior  Fellow  of  Trin- 
ity College. — ^The  author  of  these  works,  the  assistant  of  Pro£ 
Sedgwick  at  Cambridge,  states  in  his  preface  that  they  are  por- 
tions of  the  Catalogue  of  the  Woodwardian  Museum.  This  Mu- 
seum, through  the  labors  mainly  of  Prof  Sedgwick,  is  rich  in  re- 
mains of  Reptilians  frt)m  the  lower  Cretaceous,  and  is  xmsurpasfled 
in  those  of  the  Cambridge  upper  Greensand,  which  has  afforded 
large  numbers  of  bones  of  Omithosaurs  (Pterosaurs).  In  the  first 
of  these  works  the  able  author,  Mr.  Seeley,  reviews  briefly  what 
had  before  been  done  in  connection  with  the  subject  of  Pterosaurs, 
discusses  their  classification  and  relations,  gives  the  details  with 
regard  to  the  various  bones  in  the  collections,  and  describes  and 
names  the  several  species  to  which  they  belong.  The  author  finds 
that  the  pneumatic  perforations  in  the  bones  (seen  in  the  lower  jaw, 
the  whole  vertebral  colomn,  the  bones  of  the  fore  limb,  the  scapula 
and  coracoid,  the  femur  and  tibia,  etc.)  are  situated  as  in  birds, 
and  indicate  a  similar  system  of  air-circulation  from  the  lungs, 
and  he  argues  that  this  implies  the  existence  of  a  double  heart  as 
in  birds.  He  also  points  out  a  relation  to  birds  in  the  form  of  the 
brain,  this  organ  having  a  very  large  cerebrum,  and,  as  seen  from 
above,  a  very  small  cereoellum  abutting  against  it  and  pressing  to 
either  side  the  optic  lobes  (instead  of  having,  as  in  ordinary  Reptdes, 
the  cerebellum  behind  separated  from  the  cerebrum  by  the  part 
called  the  optic  lobes).  Hence  he  concludes  that  the  Omithosaurs 
were  hot-blooded,  and  makes  of  them  a  class  of  Vertebrates  dis- 
tinct from  both  Reptiles  and  Birds.  The  subject  is  illustrated 
by  twelve  plates. 
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5.  Urat  Annual  Rqxyrt  of  the  O&ologiocU  Survey  of  Indiana^ 
made  during  the  year  1869 ;  by  E.  T.  Cox,  State  Greologist,  assisted 
by  Prof.  Frank  H.  Bradley,  Dr.  Rufus  Hammond,  and  Dr.  G. 
M.  Lbyette.  240  pp.  8vo.  Indianapolis,  1870. — ^This  first  annual 
Report  of  the  Geolo^cal  Survey  of  Indiana,  under  Prol  Cox, 
consists  of  a  General  Report  by  the  head  of  the  survey,  and  spe- 
cial Reports  bv  Prof.  Bradley  on  Vermillion  Co.,  and  Dr.  Hammond 
on  Franklin  Cfo.  Pro£  Cox  has  begun  a  good  work  with  reference 
to  the  coal  formation,  and  has  already  proved  that  the  number  of 
coal  beds,  and  the  subdivisions  of  the  formation,  as  laid  down  by 
Owen  and  others  in  Indiana  and  Kentucky,  are  wholly  erroneous. 
As  one  example  he  shows  that  the  "  Mahoning  Sandstone ''  and  the 
*'  Anvil  Rock  Sandstone  "  are  actually  the  same  rock.  Pro£  Cox 
states  that  he  is  not  yet  prepared  to  present  his  own  conclusions, 
but  he  shall  make  it  a  special  object,  in  the  course  of  the  Survey, 
to  ascertain  the  precise  &cts  on  this  important  subject  Much 
valuable  information  is  presented  by  him  respecting  the  coal  form- 
ation and  other  rocks  and  products  of  Clay  county.  Prol  Bradley 
describes  with  considerable  detail  the  Carboniferous  rocks  of  Ver- 
million county,  mentioning  many  of  their  fossils,  and  giving  some 
account  of  the  beds  of  iron  ore  and  fire  clav  which  they  contain. 
He  says  that  in  tbis  county  the  '*  boulder  clay  "  has  a  depth  near 
Perrysville  of  about  100  feet  before  reaching  the  underlying  quick- 
sand ;  and  that  in  some  places  it  is  125  feet  thick.  It  contains 
boulders  of  limestone  and  of  metamorphic  rocks,  which  are  some- 
times striated,  besides  occasional  rolled  masses  of  salena  and  na- 
tive copper.  There  is  much  in  the  volume  we  might  quote,  with 
interest  to  our  readers,  if  space  allowed.  The  report  closes  with 
a  list  of  the  Mammals  and  Birds  of  Franklin  Co.  It  is  illustrated 
by  three  maps,  and  a  largeplate  of  sections. 

6.  Msek  on  Crinoids. — ^The  views  of  Mr.  Meek  on  the  anatomy  of 
of  the  Paleozoic  Crinoids,  presented  in  a  paper  reprinted  from  the 
Proceedings  of  the  Academy  of  Nat.  Sciences  of  Philadelphia,  in  voL 
xlviii  of  tms  Journal  (at  p.  23),  are  fully  endorsed  in  a  letter  written 
by  Pro£  Sars  of  Norway,  the  profound  investigator  of  species  of 
recent  Crinoids,  a  few  days  only  before  his  death.  Pro£  Sars  ob- 
serves, judging  from  the  photographs  of  the  specimens  which  had 
reached  him,  tnat  Mr.  Meek's  conclusions  seem  to  him  to  be  pe]> 
fectly  founded,  and  to  result  with  logical  necessity  from  the  inves- 
tigations;" and  that  ^' they  spread  unexpected  ught  upon  these 
curious  extinct  Crinoids."  Letters  from  Pro£  Wyvule  Thomson,  of 
Belfast,  and  Dr.  Lfltken,  of  Copenhagen,  also  approve  entirely  of 
his  conclusions. 

7.  The  lifted  and  svbeided  Bocks  of  America^  with  their  influr 
ences  on  the  oceanic^  (UmospheriCy  and  land  currenU  and  the  die- 
tribtUion  of  JRaoes;  by  Gbo.  Catlin.  228  pp.,  l2mo.  London, 
1870.  (Trttbner  &  Co.)— The  writer  of  this  work,  well  known  for 
his  travels  among  the  American  Indians,  here  treats  of  mountain 
drainage,  upheavals,  metamorphism,  making  of  mountain  chains, 
sinking  of  mountains,  and  of  the  Lidian  nices  of  America.     He 


Digitized  by  VjOOQIC 


186  Scientific  Intelligence. 

presents  his  geological  views  and  ciiticisms  with  great  positiveness, 
which  is  consistent  with  the  fact  of  his  limited  Knowledge  of  the 
subject 

8.  Geological  Survey  of  Zcm^o.— The  State  of  Iowa  has  ordered 
the  printing  of  three  thousand  copies  of  the  Report  of  the  Greology 
of  tne  State  by  Prof  White.  The  work  will  consist  of  two  royal 
octavo  volumes,  in  the  style  of  Hall's  Geology  of  Iowa  and  of  the 
Illinois  Geological  Report,  and  will  be  well  illustrated.  We  regret 
to  have  to  add  that  the  Legislature  has  discontinued  the  Survey. 

ni.   ZOOLOGY. 

1.  Die  his  jetizt  hekannten  Schildkr&ten^  u.  d.  bei  Kelheim  u. 
Hannover  neu  aufgefunden  aUeeten  Arten  dersdben ;  von  Dr. 
G.  A.  Maack.  Cambridge,  Mass.  (Cassel,  1869, — ^from  H.  von 
Meyer's  PalsBontographica). — ^This  useful  work,  a  4 to  of  146  pp., 
is  contributed  bv  Dr.  Maack,  whose  arrival  in  the  United  States 
and  occupation  m  the  Museum  of  Comparative  Zoology,  we  take 
pleasure  in  noticing.  It  embraces  a  synopsis  of  the  species  of 
extinct  Testudinata,  arranged  in  the  order  of  geological  succession, 
rather  than  accor^g  to  structural  affinity.  The  number  thus 
enumerated  is  192,  ot  which  26  are  assigned  to  the  TestudinidaB, 
114  to  the  Emydida?,  including  the  Pleurodira ;  27  to  the  Triony- 
chidffi,  and  25  to  the  Cheloniidse.  The  species  are  not  nearly  all 
described,  but  their  enumeration  forms  an  invaluable  hand-book  to 
the  student  of  the  subject.  The  stratigraphical  table  given,  adds 
to  its  value.  From  it  we  perceive  that  the  Tertiaries  embrace  the 
majority  of  the  species,  and  the  Cretaceous  and  Jurassic  periods 
successively  fewer.  The  upper  Jurassic  of  Switzerland,  Bavaria 
and  Hanover  have  furnished  the  oldest  known  Testidinata,  unless 
the  Chelytherium  of  the  Wtlrtembergian  Trias  belong  to  the  order, 
a  point  still  doubtful.  The  nxmiber  of  Jurassic  species  known  was 
15,  to  which  Dr.  Maack  adds  8,  based  on  remains  mostly  from 
Hanover,  from  a  stratum  of  prior  deposit  to  those  of  Switzerland 
and  Bavaria. 

Before  noticing  the  types  of  Cretaceous  and  Jurassic  Tortoises, 
it  must  be  observed  that  the  system  of  Strach  which  Dr.  Maack 
adopts,  is  a  very  defective  one,  and  far  behind  the  requirements  of 
modern  zoology  and  paleontology.  The  structural  features  defin- 
ing the  suborders  and  families  are  overlooked  in  this.  For  ex- 
ample, one  of  the  primary  divisions  of  the  order,  the  Pleurodira, 
is  included  among  the  Emydidse,  whereas  it  embraces  a  series 
of  families  distinguished  by  features  quite  similar  to  those  defin- 
ing the  remaining  families  from  each  other.*  In  consequence 
several  conclusions  are  reached  which  require  modification.  The 
genus  PkUemys  as  adopted  may  be  cited.  It  embraces  9  species 
according  to  the  present  work,  the  genus  Pleurostemum  of  Owen 
being  referred  to  it.  This  is  done  because  the  additional  pair  of 
thoracic  bones  which  characterizes  it  is  found  in  a  rudimental 

*  See  Proa  Acad.  Nat  Sci..  1868,  p.  282. 
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condition  in  Platemys  BoioerhanJcii^  and  JPlatemys  BuUocMi  of 
Owen  presents  the  intermar^inal  sonta  of  Pleuroatemum^  and 
because  of  the  general  resemblance  in  specific  charactere  between 
the  latter  and  the  Fl  concinnum.  To  ns,  however,  the  genns 
Pleurostemum  appears  to  be  Cryptodire  not  Pleurodire,  as  it  lacks 
the  integular  scutum  of  the  latter  suborder,  and  to  represent  a 
peculiar  family  of  that  group  characterized  by  the  possession  of 
ten  instead  of  eight  sternal  bones.  Platemys  MttUocktiy  P.  Bower- 
bankii  and  Emya  Icevia  Ow.  and  Bell  appear  on  the  other  hand 
to  be  Pleurodira,  and  to  be  referable  to  two  families  of  that  sub- 
order. The  PI  BuHockiiy  on  account  of  its  five  pairs  of  sternal 
bones,  to  the  Stemothaeridae,  and  on  account  of  its  intermarginal 
scuta,  to  a  new  genus  which  I  have  called  Bigerrhum,  The  last 
two,  in  their  rudimental  fifth  pair  of  stemals  resemble  many 
Pleurodira,  and  cannot  be  distinguished  from  the  genus  Podoc- 
nemis  now  living  in  the  Amazon.  The  P,  sulcatus  Leidy  is 
near  to  Podocnemis  also,  but  represents  a  distinct  genus,  character- 
istic of  the  Cretaceous,  which  1  call  Taphrosphys;  there  are  six 
species  in  North  America.  After  these  deductions  the  only  Pla- 
temydes  that  remain  are  P,  ManteUii  and  P.  Bixonii  of  Owen, 

The  new  forms  described  by  Maack  are  of  much  interest,  BKs 
Chdonidea  Wttei  is  one  of  the  group  found  in  both  Jurassic  and 
Cretaceous  strata  in  Europe  and  North  America,  which  combines 
Chdydroid  and  Chelonioid  characters  so  as  to  render  it  difficult 
to  be  assured  as  to  which  group  they  truly  represent.  The  charac- 
ters of  the  carapace  in  most,  and  of  the  plastron  in  many,  are 
those  of  the  latter,  while  those  of  the  limos,  the  crucial  test  in 
this  case,  are  those  of  the  former.  Two  of  the  North  American 
genera  add  one  or  two  costal  bones,  a  character  of  importance  and 
one  not  hitherto  met  with  in  the  order ;  these  may  be  regarded  as 
the  type  of  a  peculiar  family  with  the  name  of  the  PropleuridcB^ 
includmg  the  genera  Osteopygis  and  Propleura.  The  family  with 
eight  costals  mcludes  Chdonidea  Maack,  which  seems  to  be  near 
Chelonemys  Jourd ,  as  he  has  placed  it, — with  Platychelys,  Hydro- 
pelta,  Idiochdys  and  some  other  European  forms  which,  with  UcUa- 
pleura  and  Lytoloma  from  North  America,  are  nearer  Chdyd/ra^ 
and  I  cannot  at  present  find  characters  which  distinguish  them  as 
a  family  fit)m  the  existing  forms.  In  Stylemys  Maack,  the  second 
new  genus  introduced  into  the  present  work,  the  sternum  is  with- 
out lontanelles,  and  resembles  entirely  that  of  Adocus  from  the 
American  Cretaceous,  while  the  carapace  and  femur  are  of  the 
type  of  Osteopygis,  Until  ftirther  investigated  it  should  remain 
as  an  Emydoid^  as  placed  by  Dr.  Maack.  Two  species  are  de- 
scribed, 8,  lAndenensis  and  8,  Sannoverani^,  The  use  of  the  name 
8tylemy8  is  SifauxpaSy  since  it  must  probably  be  used  for  a  genus 
of  EmydidoB  described  by  Leidy  from  the  Miocene  and  Pliocene  of 
Nebraska  and  Dakota.  True^  it  was  originally  established  on 
untenable  characters,  and  reumted  by  its  proposer  with  Testudo. 
But  I  have  been  able  to  point  out  (T^rans.  Amer.  PhiL  Soc,  1869, 
123)  that  the  species  so  originally  named  are  really  Mnydidce 
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haviug  Testadinine  oharacters,  and  reqairing  a  diBtinct  generic 
name,  for  which  St^lemj/s  should  perhaps  be  Mopted.  Dr.  Maack 
will  therefore  be  necessitated  to  mid  another  for  that  which  he  do- 
scribes. 

This  and  other  rectifications  relating  to  North  American  species 
not  having  been  published  prior  to  Dr.  Maack's  work,  he  was 
unable  to  take,  advantage  of  them.  I  therefore  append  the  fol- 
lowing list  as  supplementary  to  it. 

PoenojoGBNE  SPBona 
BmydidcB, 
Cistudo  ewrypygia  Cope.  Emyapetrolei  Leidy. 

PUOOSm  AND  MiOOENB  SpBOIBS. 

EmydidcB. 
Stylemys  Nebrdscenais  Leidy.        8.  Niobrarerms  Leidy. 

TrionychidcB, 
Trionyx  lima  Cope.  T,  JSuiei  Cope. 

ChelaniidcB, 
Pu^ppigerus  grcmdasmts  Leidy. 

EooEinB  Species. 

TrionychidoB^ 
f  Trionyx  pevmatua  Cope. 

f  CkdoniidcB. 
Jjembonax  polemicus  Cope.         Puppigerus  parviscutattis  Cope. 

OBETAOEOUS  SPBOIE& 

EmydidoB, 
Mnys  turgidus  Cope.  Adociis  agUU  Cope. 

JK  petrosua  Cope.  A.  pravus  Leidy. 

KjflrTmis  Leidy.  A,  Vyomingensia  Leidj. 

K  Stevemoni  Leidy.  A.  pectoralis  Cope.  {Pieuroster- 

Adocus  heatua  Leidy.  num  olim.) 

ChelydridcB, 

Lytoloma  Jeanesii  Cope.  OcUapleura  repanda  Cope. 

i.  angvsta  Cope.  PerUresiics  omatus  Leidy. 

PropleuridcB. 
Midastes  pkayops  Cope.  OsteopygU  platylormia  Cope. 

PropUura  aopita  Leidy.  O.  chelydrinua  Cope. 

Osteopygis  emargin^xtvs  Cope. 

Trionychidas. 
THonyx  ficUophilua  Cope.  JHonyx  gvUoitm  Leidy. 

T,  priscus  Leidy. 

PodocnemididcB, 
Bothremys  Cookii  Leidy.  Taphrosphya  Lealianua  Cope. 

Taphroaphya  molopa  Cope.        T.  atrenuua  Cope. 
T,  a^lmtua  Leidy.  7!  nodoaua  Cope. 

T.  longinuchua  Cope. 
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Thirty-eight  species.  PuppigeruB  embraces  all  of  the  Chelones 
described  by  Owen  and  Bell  ttom  Sheppey.  To  Ijgtcloma  perhaps 
belong  the  two  Chelones  described  and  figured  by  Fauj^  and 
Cuvier  from  the  Cretaceous  of  Maestricht  named  CA.  cretacea  by 
Ee&rstein  and  CK  Mit0<mi  by  Maack.  b.  d.  g. 

2.  On  I>i8C0Baurit8  and  Us  <mie8 J  \}jJ)r,  3.  ToBXDY.  (ProcAcad. 
Nat.  Sci  Philad.,  1870,  p.  18).— On  the  5th  of  April,  Dr.  Leidy 
made  remarks  on  Discosaums  and  its  allies,  additional  to  those 
published  at  p.  392  of  the  last  volume  of  this  Journal ;  and  in  the 
course  of  it  discusses  the  relations  of  Cimoliasaurus^  as  origin^y 
established,  to  DUcosaurm.    On  this  point  he  observes: 

^^  In  the  &:st  place,  by  comparison  with  the  skeleton  of  the  E^ansas 
saurian,  we  observe  that  the  position  in  the  column  assigned  to 
the  vertebral  bodies  of  Cimoliasaurtu  was  incorrect,  and  this 
probably  contributed  to  mislead  Pro£  Cope  in  his  examination  of 
the  skeleton  of  the  Kansas  saurian. 

"  The  vertebral  specimens  referred  to  Cimoliaaaurus  consisted  of 
two  sets  of  specimens,  from  two  different  individuals,  both  from 
the  greensana  of  Burlington  Co.,  N.  J,  They  are  described  in 
^  Cretaceous  Reptiles,'  page  25,  and  characteristic  ones  presented 
in  plates  v  and  vi. 

*'  The  eleven  vertebr®  considered  as  lumbar,  and  represented  by 
figs.  17-19,  pL  V,  and  16-18,  pL  vi,  are  evidently  cervicals.  Those 
considered  as  dorsals  on  page  26,  and  represented  in  figs.  18-16, 
pL  V,  are  at  least  in  part  posterior  cervicals.  Of  the  fourteen  ver- 
tebrae referred  to  on  page  27  as  dorsals  and  Ixmibars,  those  de- 
scribed and  represented  in  figs.  1-5,  pL  vi,  are  alone  dorsals,  while 
the  others  described  and  represented  in  fiss.  6-9  are  posterior,  and 
those  of  figs.  10-18  more  anterior  cervicaw. 

"The  cervicals  of  Cimoliasaiurua  are  so  different  in  their  propor- 
tions from  those  of  the  Kansas  saurian  that  there  can  be  no  ques- 
tion as  to  the  distinction  of  the  two  animals,  at  least  as  species. 

"  Do  all  the  remains  originally  referred  to  Discosaurua  oelong  to 
this  genus  as  distinct  from  CimoUasat^rua  f  I  suspect  that  those 
from  New  Jersey  belong  to  the  latter.  The  animals  indicated  by 
all  the  fossils  wnich  have  been  under  consideration  are  Plesiosau* 
roid,  and,  as  in  recognized  species  of  PleaiosauruSj  there  is  much 
variability  in  the  number,  proportions,  and  other  characters  of  the 
cervicals  without  a  correspondrng  extent  of  variation  in  other  parts 
of  the  vertebral  column,  we  wotdd  be  prepared  to  find  in  CimoUor 
scmrus  nearly  the  same  kind  of  caudals  as  in  Discosaurus. 

"  Prot  Cope,  in  his  *  Synopsis  of  the  Extinct  Batrachia  and  Rep- 
tilia,'  pt  i,  1869,  p.  56,  describes  two  vertebral  specimens  from 
the  lower  bed  of  the  Cretaceous  green  sand  of  Gloucester  and  Hon* 
mouth  counties,  which  he  attributes  to  a  species  with  the  name  of 
Elasmosaurua  orientalis.  The  specimens  described  as  caudals  are 
seen,  by  comparison  with  the  Kansas  skeleton,  to  be  cervicals." 

The  species  referred  to  in  this  paper — all  Cretaceous — are  finally 
as  follows :  1.  Discosaurua  vetustiu  Leidy  (Cimoliasaurus  magnus, 
and  C.  vetustus,  of  Oope)^  from  Alabama.    2.  Disc,  grandis  (Bri- 
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mosanras  grandis  Leidy,  Cim.  grandis  Cope\  from  Arkansas. 
8.  Disc,  carinatvs  (Elasm.  platynms,  and  Disc,  carinatos  of  Cope) 
from  Kansas.  4.  Disc,  magnus  (Cim.  magnus  LHdy^  Disc  vetus- 
tus  in  part  ?  Leidy\  from  New  Jersey.  5.  Disc.jplan%or  (Disc, 
vetustus  in  part,  Leidy)^  from  IVIississippl  6.  l>isc.  orientalis 
(Elasm.  orientalis  Cope)y  from  New  Jersey. 

3.  On  Elasmosaurus  platywus  Cope;  by  Prot  E.  D.  Copb. 
(Communicated  by  the  author). — ^I  observe,  m  the  last  number  of 
this  Journal,  that  Pro£  J.  Leidy  criticizes  my  determination  of 
the  structural  characters  and  generic  relationships  of  the  above 
reptile,  stating  that  I  have  reversed  the  direction  of  the  vertebral 
oolumn,  describing  the  cervical  as  the  caudal  series  and  vice  versa, 
and  that  it  is  the  same  as  his  previously  described  genus  Discosaii- 
rus.     On  these  points  I  would  make  the  following  observations. 

Firsts  as  to  the  direction  of  the  vertebral  colunm,  I  have  little 
doubt  that  Prof.  Leidy  is  correct  in  his  determination,  especially 
since  I  have  already  pointed  out,  that,  assuming  the  direction  I 
gave  it  to  be  true,  the  vertebral  articulations,  and  the  scapular 
and  pelvic  arches,  appeared  to  be  the  reverse  of  those  of  Plesio- 
saurus.  Prof  Leioy  does  not,  however,  allude  to  the  principal 
cause  of  this  error,  which  was  the  similar  reversal  of  the  verte- 
bral colunm  in  his  descriptions  of  his  genus  CimoliasauriiSy  first 
published  in  1851,  and  re-published  with  2  plates  in  1864.  Having 
my  mind  pre-occupied  witli  this  determination  and  not  suspecting 
the  error,  I  arranged  Elasmosaurus  in  accordance  with  it.  The 
great  size  of  the  clavicle,  and  lack  of  special  characters  of  the 
scapular  arch,  as  mesostemal,  etc.,  and  consequent  close  resem- 
blance to  many  reptilian  fishes,  rendered  the  error  more  easy,  while 
the  coincident  discovery  of  several  reptilian  forms  with  zygo- 
sphene  articulation,  attracted  my  atention  to  that  character. 

It  mi^ht  be  added  that  the  description  and  restoration  are  cor- 
rect in  the  "  Synopsis  Extinct  Batr.  Reptilia,  etc..  North  America,'* 
the  error  having  appeared  in  a  few  extra  copies  only.  Also  that 
the  accounts  already  given  will  require  scarcely  any  modification, 
the  caudal  region  like  the  cervical  being  very  long,  and  less  de- 
pressed than  m  CimoliasauruSy  etc. 

Secondy  from  the  identification  of  Elasmosaurus  with  Disco- 
sa/urus^  I  entirely  dissent.  Dr.  Leidy,  having  assumed  the  cervicals 
of  Cimoliasaurus  to  be  lumbars,  and  stating  it  as  ^'  probable  that 
part  of  the  series  described  as  lumbars  may  be  regarded  as  repre- 
senting sacrals  and  caudals,"*  referred  the  true  caudals  of  the 
same  genus,  to  another  supposed  genus,  under  the  name  of  Disco- 
saurus.  Anterior  caudals  of  Cimoliasaurus  magnus  he  regarded 
as  cervicals  of  the  new  genus.  But,  entertaining  a  suspicion  that 
the  two  genera  might  be  one,  he  says  that  in  this  case,  they  "  repre- 
sent cervicals,  dorsals  and  lumbars  of  DiscosauruSy^^  (i  a  Cimolior 
sawrxis^  the  name  earliest  given).  Having  shown  the  identity  of 
the  two  forms  in  accordance  with  the  structure  of  Elasmosaurus^  I 
failed  to  reverse  the  arrangement  adopted  by  Prot  Leidy.    Had  I 

*  Oretaceous  BeptileSi  N.  Amerioaf  29. 
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done  80,  Cimoliasavrus  and  Discoacmrus  would  have  become  syno- 
nyms of  PlesiosauruSj  since  no  characters  are  known  by  which 
to  distingxiish  them.  As  it  is,  I  preserve  the  iirst,  on  the  supposi- 
tion that  its  scapular  arch,  will  be  found  to  present  the  peculiari- 
ties belonging  to  Masmosa/urua, 

There  are,  however,  several  species  included  in  Leidy*s  last  de- 
scription of  Diecoeaurus  vetustuSy  as  he  suggests,  but  believing  that 
"  the  material  was  not  sufficient  to  justify  a  separation,"  he  allowed 
them  to  remain  together.  A  portion  of  this  material  from  New  Jer- 
sey belongs  undoubtedly  to  CimoUasaurus  magn/ui^  and  the  other 
specimens  (two  vertebrae),  which  present  a  few  peculiarities,  are 
recorded  in  my  Synopsis  Extinct  Batrachia,  Reptilia,  etc.,  as  Cimo- 
liasaurps  vetustus.  1  presume  that  it  is  on  these  two  vertebr» 
that  Leidy  bases  his  reference  of  ^Elasmosauma  to  Discosaurua, 
If  the  evidence  furnished  by  these  was  "  insufficient  to  justify  their 
separation"  from  G,  magnus,  it  is  certainly  insufficient  to  justify 
their  reference  to  another  genus.  The  proximal  caudals  of  M<z»- 
moaaurus  and  CimoUaa(mrua  are  identical,  but  the  median  and 
distal  caudals  of  the  two  are  quite  distinct.  In  E.  platyun^  they 
present  a  deep  median  groove  beneath  and  a  rib-like  elevation  on 
each  side.  No  such  vertebraB  have  been  described  as  referable  to 
Cimoliaaauruaj  and  there  is  no  evidence  to  prove  that  the  slightly 
annate  caudals  among  those  referred  to  O.  vetuattta  by  Pro£ 
Leidy  did  not  belong  to  the  medial  caudal  region  of  a  Cimoliaaavr 
rua.^  In  a  little  notice  furnished  to  LeConte's  report  on  the 
Geology  of  the  Union  Pacific  R.  R.,  southern  division,  written 
almost  as  soon  as  I  received  the  fossil,  I  temporarily  referred  the 
caudals  to  Diacoaauruay  not  being  generally  willing  to  establish  a 
new  genus  on  caudal  vetebraB  or  other  distal  portions. 

In  conclusion,  it  may  be  summarily  stated  that :  1,  Diacoacmrua 
was  erroneously  constituted ;  2,  that  characters  separating  it  from 
Fkaioaaunia  were  not  adduced ;  3,  that  it  was  not  distinguished 
from  Cimoliaaatirua;  4,  that  Diacoaofurua  vetuatua  embraces  at  least 
two  species,  one  of  wluch  is  Cimoliaaavrua  magnua  /  and,  5,  the 
other  cannot  be  proven  to  be  an  JEJlaamoaavruay  but  scarcely  differs 
from  correspondmg  parts  of  Cimoliaaaurua  magnua, 

4.  A  new  apeciea  of  Tapir ^  from  Ouatemala;  by  Pro£  Thbo- 
DOBB  Gill.  (Extract  from  a  letter  to  one  of  the  Editors). — ^The 
Smithsonian  Institution  has  now  the  skulls  of  four  adults  and  one 
young  of  the  Tapir  of  Guatemala,  and  strange  as  it  may  appear, 
they  seem  conclusively  to  prove  that  the  Tapir  of  that  region  is  a 
difi^rent  species  from  that  of  Panama,  belonging,  however,  to  the 
same  genus — JEJlaamoanathtia.  The  most  obvious  differences  are 
in  the  development  of  the  nasal  and  frontal  bones,  but  those  are 
confirmed  by  the  diffi^rences  in  the  dentition,  especially  in  the 
form  of  the  first  premolar  of  each  jaw.  The  nasal  bones  of  the 
young,  compared  with  those  of  the  corresponding  age  of  jE  Bairdiiy 

*  It  can  hardly  be  doubted  that  the  median  and  distal  caudals  of  Gimoliasaurus 
are  angulate  beneath,  to  produce  terminal  planes  for  the  chevrons,  in  accordance 
with  the  stmcture  of  Plesiosaurus. 
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are  wider,  especially  in  front  of  the  "  pits,"  and  exhibit  basilar 
processes  recurrent  forward  along  the  frontal  bones,  like  those 
of  TapiruSy  but  less  developed,  and  the  grooves  for  the  nasal  car- 
tilages are  deeper.  As  the  animal  advances  in  age,  however,  the 
frontals  would  appear  to  grow  forward  and  force  apart  the  na- 
sals, which  apparently  do  not  increase,  or  even  diminish  in  size, 
and  sooner  or  later  are  fused  with  the  frontals !  This  strange  out- 
growth of  the  frontal  bones  has  been  verified  on  four  adulte,  and 
consequently  the  natural  suggestion,  that  it  was  a  monstrous  indi- 
vidual feature,  is  rendered  unprobable.  The  first  premolars  of 
the  Guatemalan  form,  in  comparison  with  those  of  M  Bairdii^  are 
in  the  upper  jaw  much  narrower  and  divided  into  halves, 
the  anterior  of  which  is  compressed  and  of  almost  uniform  width, 
while  the  inner  face  of  the  posterior  half  bulges  abruptly  inward; 
in  the  lower  jaw,  they  are  also  narrower,  and  the  anterior  cusp  is 
separated  by  a  vertical  groove  on  the  inner  face  of  the  tooth. 
All  the  specimens  were  obtained  by  Capt  John  M.  Dow,  who 
^^  was  told  by  the  party  who  ^ave  [him]  the  skulls  that  the  young 
a/re  not  marked  on  the  body  with  longitudinal  light  colored  stripes, 
like  E.  Bairdii^^  and  he  believes  that  ^'  this  want  of  marking  is 
evidently  constant  in  the  young  of  the  species  found  in  Guatema- 
la." This,  if  confirmed  oy  Capt  Dow  himself  from  autopsy, 
would  frumish  a  remarkable  exception  in  the  family ;  but  without 
attaching  undue  importance  to  the  statement,  the  differences 
already  enumerated  seem  sufficient  to  establish  its  specific  rank, 
and  I  shall  describe  it  at  length  under  the  name  Elaamo^naihM 
Domi.  I  may  add  that  Pro£  Baird  from  the  first  has  insisted  on 
its  distinctness. 

6.  CorUributiona  to  the  Theory  of  NaJbmd  /Selection:  A  8erie$ 
ofSseays;  by  Alfkbd  Russsix  Waixacs,  author  of  the  Malay 
Archipelago,  eta  384  pp.  8vo.  London,  1870.  (Macmillan  &  Co). 
—Mr.  WfOlace,  the  author  of  this  work,  has  the  credit  of  bemg 
an  independent  originator  of  the  doctrine  of  "  Natural  Selection.^ 
His  first  memoir,  published  in  1855,  led  to  the  publication  by  Dar- 
win of  his  first  work  (in  1859)  on  the  Origin  of  Species,  as  Darwin 
states  in  his  prefEu^e.  Darwin's  views  had  been  partly  in  manu- 
script for  more  than  ten  years,  and  had  been  made  known  to  Lyell 
in  1844.  Wallace's  work  will  be  read  with  interest  bv  all  who 
would  acquaint  themselves  with  the  arguments  and  racts  np<Hi 
which  the  hypothesis  of  Natural  Selection  rests,  and  also  for  its 
original  and  curious  observations  on  the  geo^aphical  distribution 
and  habits  of  some  animals.  The  author  dmers  widely  on  some 
points  from  Darwin  and  Huxley.  He  has  a  chapter,  evmcing  pro- 
found and  earnest  thought^  on  the  Limits  of  Natural  Selection  as 
applied  to  Man,  in  which  he  shows  that  Man  could  not  have  been 
made  through  Natural  Selection,  appealing  for  proof  to  the  size  of 
his  brain ;  his  naked  and  soft  skin ;  ms  feet  and  hands ;  man's  mental 
faculties,  and  his  moral  sense.  He  speaks  of  man  as  an  ever-ad- 
vancing, spiritual  being,  the  ultimate  aim  of  all  orgamsed  exist- 
ence ;  of  his  will,  as  not  a  product  of  nature's  chemistry,  but  above 
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nature ;  and  he  says  that  the  inference  which  he  draws  from  the 
fects  reviewed  is  that "  a  superior  intelligence  has  guided  the  de- 
velopment of  man  in  a  definite  direction,  and  for  a  special  purpose, 
just  as  man  guides  the  development  of  many  animal  and  veeetahle 
forms."    He  also  argues  that  "all  force  is  probably  will-force;" 
and  thus,  that  ^'  the  whole  universe  is  not  merely  dependent  on, 
but  actually  ia^  the  will  of  higher  intelligences,  or  of  one  Supreme 
Intelligence."    We  cite  a  few  paragraphs  from  the  part  of  his  argu- 
ment based  on  a  comparison  of  the  brams  of  Man  and  the  Man-apes. 
**  The  collections  of  Dr.  J.  B.  Davis  and  Dr.  Morton  give  the 
following  as  the  average  internal  capacity  of  the  cranium  in  the 
chief  races : — ^Teutonic  family,  94  cubic  inches ;  Esquimaux,  91 
cubic  inches;   Negroes,  85  cubic  inches;   Australians  and  Tas- 
manians,  82  cubic  mches ;  Bushmen,  77  cubic  inches.    These  last 
nxmibers,  however,  are  deduced  from  comparatively  few    ^eci- 
mens,  and  may  be  below  the  average,  just  as  a  small  number  of 
Finos  and  Cossacks  give  98  cubic  inches,  or  considerablv  more 
than  that  of  the  German  races.    It  is  evident,  therefore,  that  the 
absolute  bulk  of  the  brain  is  not  necessarilv  much  less  in  savage 
tlian  in  civilized  man,  for  Esquimaux  skulls  are  known  with  a 
capacity  of  113  inches,  or  hardly  less  than  the  largest  among 
Europeans.*    But  what  is  still  more  extraordinary,  the  few  re- 
mains yet  known  of  pre-historic  man  do  not  indicate  any  material 
diminution  in  the  size  of  the  brain  case.    A  Swiss  skull  of  the 
stone  age,  found  in  the  lake  dwelling  of  Meilen,  corresponded 
exactly  to  that  of  a  Swiss  youth  of  the  present  day.    The  cele- 
brated Neandertjial  skull  had  a  larger  circumference  than  the 
average,  and  its  capacity,  indicating  actual  mass  of  brain,  is 
estimated  to  have  been  not  less  than  75  cubic  inches,  or  nearly  the 
average  of  existing  Australian  crania.    The  Euj^s  skulL  perhaps 
the  oldest  known,  and  which,  according  to  Sur  John  Lubbock, 
^'tiiere  seems  no  doubt  was  really  contemporary  with  the  mam- 
moth and  the  cave  bear,"  is  yet  according  to  Professor  Huxley, 
^  a  fair  average  skull,  which  might  have  belonged  to  a  philosopher, 
or  might  have  contained  the  thoughtless  brains  of  a  savage."    Of 
the  cave  men  of  Les  Eyzies,  who  were  undoubtedly  contemporary 
with  the  reindeer  in  the  South  of  France,  Professor  Paul  Broca 
says  ^in  a  paper  read  before  the  Congress  of  Pre-historic  Arch»o- 
logy  m  1868) — "The  great  capacity  of  the  brain,  the  development 
of  the  frontal  region,  the  fine  elliptical  form  of  the  anterior  part  ot 
the  profile  of  the  skull,  are  incontestible  characteristics  of  supe- 
riority, such  as  we  are  accustomed  to  meet  with  in  civilized  races." 
♦  *  *  We  cannot  fail  to  be  struck  with  the  apparant  anomaly, 
that  many  of  the  lowest  savages  should  have  as  much  brains  as 
average  Europeans.    The  idea  is  suggested  of  a  surplusage  of 
power ;  of  an  instrument  beyond  the  need  of  its  possessor.    In 
order  to  discover  if  there  is  anv  foundation  for  this  notion,  let  us 
compare  the  brain  of  man  with  that  of  animals.    The  adult  male 

*  While  the  largest  Teutonic  skull  in  Dr.  Davis's  collection  is  112*4  cubic  inchefs 
there  is  an  Araucanian  of  116-6,  an  Ssquimauz  of  113'1,  a  Marquesan  of  110*6,  a 
Negro  of  106*8,  and  even  an  Australian  of  104*5  cubic  inche& 
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Orang-utan  is  quite  as  bulky  as  a  small  sized  man,  while  the  Gorilla 
is  considerably  above  the  average  size  of  man,  as  estimated  by 
bulk  and  weignt ;  yet  the  former  has  a  brain  of  only  28  cubic 
inches,  the  latter,  one  of  30,  or,  in  the  largest  specimen  yet  known, 
of  34^  cubic  inches.     *    *    * 

"  We  see,  then,  that  whether  we  compare  the  savage  with  the 
higher  developments  of  man,  or  with  the  brutes  around  him,  we 
are  alike  driven  to  the  conclusion  that  in  his  large  and  well-devel- 
oped brain  he  possesses  an  organ  quite  disproportionate  to  his 
actual  requirements — an  organ  that  seems  prepared  in  advance, 
only  to  be  fully  utilized  as  he  progresses  in  civinzation.  A  brain 
slightly  larger  than  that  of  the  gorilla  would,  according  to  the 
evidence  before  us,  ftiUy  have  sumced  for  the  limited  mental  devel- 
opment of  the  savage;  and  we  must  therefore  admit,  that  the 
largfe  brain  he  actually  possesses  could  never  have  been  solely 
developed  by  any  of  those  laws  of  evolution,  whose  essence  is, 
that  they  lead  to  a  degree  of  organization  exactly  proportionate 
to  the  wants  of  each  species,  never  beyond  those  wants — ^that  no 
preparation  can  be  maae  for  the  future  development  of  the  race — 
that  one  part  of  the  body  can  never  increase  in  size  or  complexity, 
except  in  strict  co-ordination  to  the  pressing  wants  of  the  whole. 
The  brain  of  pre-historic  and  of  savage  man  seems  to  me  to  prove 
the  existence  of  some  power,  distinct  from  that  which  has  guided 
the  development  of  the  lower  animals  through  their  ever-varying 
forms  of  being." 

IV.    ASTRONOMY. 

1.  Cordova  Observatory  under  the  direction  of  I>t,  B.  A.  Gould. 
— ^Dr.  Gould  has,  at  our  request,  furnished  us  with  the  following 
statement  with  regard  to  the  Cordova  Observatorjr  which  has 
been  placed  under  his  charge.  He  sailed  with  his  f anaily  for  South 
America  in  the  latter  part  of  May. 

The  Argentine  Congress  voted  to  establish  a  national  observa- 
tory at  Cordova,  at  the  instance  of  President  Sarmiento,  and 
through  the  exertions  of  the  present  Minister  of  Public  Instruc- 
tion, Dr.  Avelleneda, — ^who  invited  me  to  organize  and  take  charge 
of  it,  knowing  my  desire  to  extend  the  cattdogue  of  the  southern 
heavens  beyond  the  limit  of  30°  to  which  the  zones  of  Argelander 
extend.  Bessel  went  through  the  region  from  46°  N.  to  15°  S. 
with  systematic  zone-observations  at  Kdnigsberg,  which  have  since 
been  reduced  and  published  in  two  catalogues  by  Weisse  of  Cra- 
cow. Argelander  carried  the  same  systematic  scrutiny  with  the 
Meridian  Circle,  from  BessePs  Northern  limit  to  the  pole,  and 
afterwards  from  BessePs  southern  limit  to  30°  S. 

Since  then  Gilliss  has  observed  a  series  of  zones  for  80°  around 
the  south  pole ;  but  the  reduction  of  these,  although  very  far  ad- 
vanced, was  not  completed  at  the  time  of  his  deatn,  and  the  Ms.  is 
now  stored  somewhere  in  Washington.  Let  us  hope  that  it  may 
at  some  time  be  recovered,  the  work  completed  ana  given  to  the 
world. 
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My  hope  and  aim  is  to  begin  a  few  degrees  North  of  Arge- 
lander's  southern  limit,  say  at  26°  or  27°,  and  to  carry  southward 
a  system  of  zone  observations  to  some  declination  beyond  Gilliss's 
northern  limit,  thus  rendering  comparisons  easy  witn  both  these 
other  labors,  and  permitting  the  easy  determination  of  the  correc- 
tions needftil  for  reducing  positions  of  any  one  of  the  three  series 
to  corresponding  ones  for  the  other.  It  is  of  course  impossible  to 
arrange  m  advance  the  details  of  such  an  undertaking,  out  my  ex- 
pectation is  to  go  over  the  region  in  question  in  zones  2°  wide,  (ex- 
cept in  the  vicmity  of  the  Milky  Way  where  the  width  would  be 
but  one-half  as  great,)  up  to  a  declination  of  about  55°,  after  which 
the  width  would  be  gradually  increased  as  the  declinations  became 
greater.  Within  these  zones  all  stars  seen  as  bright  as  the  9th  mag- 
nitude would  be  observed,  so  far  as  possible,  moving  the  telescope 
in  altitude  when  no  bright  star  is  in  the  field  until  some  one  be- 
comes visible,  according  to  the  well  known  method  of  zone-obser- 
vations. 

For  reducing  the  observations,  differential  methods  will  probably 
be  employed,  masmuch  as  the  time  now  assimed  for  my  absence 
firom  home  would  be  inadequate  for  proper  discussion  of  the  coi> 
rections  required  for  nice  determinations  of  an  absolute  character. 
Still  it  is  my  present  purpose,  so  far  as  possible,  to  make  such 
subsidiary  aeterminations  as  might  hereafter  be  needed  in  any 
attempt  at  computing  the  observations  absolutely.  But  as  I  hardly 
venture  to  anticipate  any  opportunity  of  making  a  thorough  de- 
termination of  the  constants  of  refraction,  or  of  the  errors  of  grad- 
uation, it  seems  best  to  arrange  for  a  differential  computation  at 
least  at  first. 

It  is  improbable  that  a  sufficient  number  of  well  determined 
stars  will  be  found  available  even  for  this  differential  reduction, 
and  the  necessity  may  thus  be  entailed  of  determining  the  com- 
parison-stars myself,  this  determination,  however,  itself  depending 
upon  standard  star  places.  So  far  as  possible  I  propose  employing 
those  heretofore  determined  by  me,  and  publisnea  by  the  coast 
survey,  which  form  the  basis  of  the  star  places  of  the  American 
Nautical  Almanac. 

With  these  observations  of  position  it  is  my  hope  to  com- 
bine others  of  a  physical  character  to  some  extent;  out  in  the 
presence  of  a  plan  implying  so  much  labor  and  effort,  it  ^ould  be 
unwise  to  rely  upon  tne  possibility  of  accomplishing  much  more 
than  the  zone-work. 

The  Meteorological  relations  of  the  {>lace  are  very  peculiar,  but 
I  dare  not  undertake  any  connected  series  of  observations  bearing 
upon  these,  without  self-registering  apparatus,  which  is  beyond  my 
means. 

Cordova  is  one  of  the  oldest  cities,  and  contains  the  oldest  uni- 
versity, of  the  Western  hemisphere.  It  is  situated  in  81°^  S.  lat- 
itude, on  the  boundary  of  the  Pampa,  where  the  land  begins  to 
rise  toward  the  group  of  mountains  known  as  the  Sierra  de  Cor- 
dova.   It  is  connected  with  Rosario,  on  the  Parana,  by  the  Cen- 
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tral  Arffentine  railway,  which  has  probably  been  already  opened 
to  travel  through  its  entire  length  of  about  250  miles,  although 
information  to  that  effect  has  not  yet  reached  this  country. 

The  two  largest  instruments  will  be  a  Repsold  meridian-circle 
of  54  inches  focal  length  and  4^  inches  aperture,  and  an  equatorial 
by  Alvan  Clark  &  Sons,  provided  with  the  11  inch  object-glass, 
by  Fitz,  lately  in  the  ^session  of  W.  Rutherfurd  who  has  supplied 
its  place  by  one  of  13  mches.  A  photometer  by  Ausfeld  of  Gotha, 
according  to  Zdllner's  latest  form,  has  been  constructed  under  the 
supervision  of  Pro£  ZSllner  himself;  a  spectroscope  will  be  fiir- 
nished  hj  Merz  of  Munich,  and  a  clock  by  Tiede  of  Berlin. 

The  Scientific  institutions  of  the  U.  S.  have  afforded  the  expe- 
dition every  possible  assistance.  The  Coast  Survey  lends  a  circuit- 
breaking  clock,  a  chronograph,  and  a  portable  transit ;  the  Smith- 
sonian Institution  lends  a  zenith  telescope ;  the  American  Acad- 
emy of  Arts  and  Sciences  of  Boston  [probably]  a  photometer  and 
spectroscope;  the  Washington  Observatory  and  the  Nautical 
Almanac  have  greatly  aided  the  imdertaking  by  gifts  of  books  and 
by  a  manuscript  copy  of  Gilliss's  catalogue  of  Standard  Stars ;  and 
from  the  astronomers  of  England,  Germany  and  Russia  important 
assistance  has  been  freely  and  effectively  contributed,  in  the  order 
and  supervision  of  instruments  and  apparatus,  and  by  the  gift  of 
books,  as  well  as  by  important  and  valuable  suggestions. 

Four  assistants  will  accompany  me,  Messrs.  Miles  Rock,  John 
M.  Thome,  Clarence  L.  Hathaway  and  W  illiam  M.  Davis,  Jr.  We 
hope  to  reach  Buenos  Ayres  not  later  than  the  middle  of  August 

The  building  is  now  under  construction  in  Boston.  The  means 
available  proved  inadequate  for  its  construction  according  to  the 
original  plan,  which  was  in  the  form  of  a  cross,  with  four  square 
rooms  about  its  center,  and  turrets  at  its  four  extremities.  One 
half  of  it  will  be  first  erected;  and  it  is  hoped  that  the  remaining 
portion  will  speedily  be  added. 

2.  Hectnt  Auroral  displays  in  the  United  States. — We  are  now 
near  the  period  of  a  maximum  of  the  solar  spots,  and  if  auroral 
displays  observe  a  similar  periodicity,  we  must  also  be  near  an 
auroral  maximum.  The  reports  made  by  the  observers  of  the 
Smithsonian  Institution  as  published  with  the  monthly  Reports  of 
the  Department  of  Agriculture  have  been  examined  to  ascertain  the 
number  of  auroras  recorded  upon  successive  years.  Only  an  occa- 
'sional  observation'' of  the  aurora  appears  in  these  Reports  until  the 
year  1869.  It  is  presumed  that  the  Department  of  Agriculture 
did  not  regard  the  auroral  observations  of  the  preceding  years  as 
possessing  sufficient  general  interest  to  authorize  their  pm>Iication. 
The  following  are  the  dates  upon  which  auroras  were  reported  by 
at  least  one  of  the  observers  of  the  Smithsonian  Institution  for  the 
year  1869,  and  for  three  months  of  the  year  1870. 

1869,  Jan.  3,  5,  6,  1,  10,  13, 11,  18,  19,  20,  21,  22,  30,  1\)tal  13  days- 

Feb.  2,  3,  4„6,  6,  8,  9,  10,  11,  16,  17,  18,  19,  "      13    " 

March  I,  2,4,  5,  6,  7,  8,  9,  10,  11, 12, 13,  14,  16,  17,  18,  30,  31,  "      18    " 
April  1,  2,  3,  4,  5.  6,  7,  8,  9,  10,  11,  12,  13,  14,  15,  16,  17,  19, 

22,  23,  28,  29,  80,  "      28    ** 
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1869,  May  3,  4,  5.  6.  7,  8.  9, 10.  12,  13.  24,  27,  28,  29, 
June  4,  6,  6,  7,  8,  12.  15,  16,  19.  20,  28,  25,  26,  27.  28,  29.  80, 
July  2,  3,  6.  10,  11,  12,  18,  14,  16,  16,  17,  18,  19,  20,  25,  26, 

28  29 
Aug.  1,  3,  6,'  6,  7,  10,  14,  16,  16,  22,  24.  27,  28,  29.  30, 
•    Sept  I,  2,  3,  4,  6.  6,  8,  9,  10,  11,  12,  13.  14,  16,  16,  19, 
24,  26,  27,  28,  29,  30, 
Oct  1,  2,  4,  6,  6,  8,  9.  12.  21,  22,  24,  26,  26,  27,  28,  30,  31, 
Nov.  1,  6,  8,  9,  10,  12,  26,  26,  29, 
Dec.  4,  6,  6,  7,  13,  14,  15,  18,  22,  25,  26,  29,  30, 

Total  for  the  year  1869,  192  days. 

1870,  Jan.  1,  2,  3,  4,  6,  6,  7,  8,  9, 16, 18,  24.  26,  26.  27,  28,  29,  30.  31,  Total  19  days. 
Feb.  1,  2,  3,  4,  6,  6,  10.  11,  12.  13,  20,  21,  28,  24,  25.  26,  27,  28,   '     18     " 
March  1,  2,  3.  4  6,  8,  9,  10,  11,  IS,  19,  20,  21,  22,  23,  24.  26, 

26,  27,  28,  29,  30,  31,  "    23     " 

Total  for  three  months  of  1870,  60    " 

These  observations  indicate  a  very  remarkable  number  of 
auroras,  but  it  should  be  remembered  that  they  are  derived  from 
the  reports  of  350  observers  spread  over  a  territory  embracing  56 
degrees  of  longitude  and  20  degrees  of  latitude.  In  order  that  we 
may  be  able  to  make  a  comparison  with  former  years,  it  is  desiiN 
able  to  have  a  similar  summary  of  the  reports  of  all  the  Smith- 
sonian observers ;  and  it  is  to  be  hoped  that  the  Secretary  of  that 
Institution  will  furnish  us  with  such  a  summary  for  each  year  since 
the  Smithsonian  system  of  meteorological  observations  was  com- 
menced. 

The  following  summary  of  the  auroral  observations  made  for 
five  years  at  DepauviUe,  N.  Y.  (lat.  44°  1'  N.  long.  76°  3'  W.)  has 
been  famished  by  Mr.  Henry  Haas. 

Jan.  Feb.  March.  ApiH.  May.  Jane.  Jnij.  Ang.  Sept.  Oct.    Kov.  Deo.  Year. 
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The  number  of  auroras  reported  for  the  different  years  is  re- 
markably uniform,  and  similar  results  have  been  found  at  other 
stations  where  the  annual  number  of  auroras  rises  as  high  as  fifty 
or  upwards;  but  in  lower  latitudes  where  auroral  displays  are 
less  frequent,  the  indications  of  periodicity  are  unmistakable. 

V.      MISCELLAKEOUS  SCIENTIFIC   INTELLIGENCE. 

1.  Varioitions  in  the  Eccentricity  of  the  EartKs  Orbit. — ^In  voL 
xlvi  of  this  Journal  (1868),  Prof  J.  N.  Stockwell  has  a  paper,  with 
a  chart,  illustrating  the  variations  in  the  eccentricity  of  the  Earth's 
orbit  for  the  past  one  million  of  years,  starting  from  a  point  175,000 
years  back  of  the  present  time ;  and  in  an  earlier  memoir  "  On  the 
Secular  Equation  of  the  Moon's  mean  motion  "  published  at  Cam- 
bridge in  1867,  he  has  given  a  similar  chart  for  the  million  of  years 
following.  His  calculations  were  made  for  intervals  of  10,000 
years,  and  hence  they  are  much  more  exact  than  the  earlier  chart 
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of  Croll,  whose  intervals  were,  for  the  major  part  of  it,  50,000 
years.  The  main  point  put  forward  by  rtot  Stockwell  in  his 
Cambridge  memoir  nas  not  been  accepted  by  astronomers,  but  this 
does  not  affect  his  calculations  of  the  eccentricity.  According  to 
his  results  for  past  time,  a  low  maximum  occurred  about  100,000 
years  back ;  a  nigher,  200,000  years ;  a  lower,  800,000 ;  a  rather 
low  minimum  4^0,000;  a  low  maximum,  475,000 ;  a  very  low  mini- 
mum, 520,000;  a  maximum,  670,000;  two  maxima,  the  second 
750,000;  a  very  low  minimum  800,000;  an  extreme  maximum, 
850,000 ;  another  very  low  minimum,  900,000 ;  a  high  maximum, 
950,000 ;  etc. — In  future  time,  there  will  be  a  very  low  minimum, 
24,000  years  on ;  a  low  maximum,  160,000  years ;  another  low  max- 
imum, 250,000 ;  a  very  low  minimum,  300,000 ;  a  low  maximum, 
400,000;  a  very  high  maximum,  515,000;  a  minimum,  560,000 ;  an 
extreme  maximum,  610,000  years ;  and  so  on.  Some  of  the  minor 
undulations,  and  most  of  the  minima,  are  not  here  noted. 

2.  Note  on  an  Electrification  of  an  Idand;  by  F.  Jekkin. — 
A  curious  discovery  has  been  made  by  Mr.  Gott,  the  superinten- 
dent of  the  French  company's  telegraph  station  at  the  little  island 
of  St.  Pierre  Miquelon.  lliere  are  two  telegraph  stations  on  the 
island.  One,  woiied  in  connection  with  the  Anglo-American  com- 
pany's lines  by  an  American  company,  receives  messages  from 
Newfoundland  and  sends  them  on  to  Sydney,  using  for  uie  latter 
purpose  a  powerful  battery  and  the  ordinary  Morse  signals. 

The  second  station  is  worked  by  the  French  Trans-atlantic  Com- 
pany, and  is  famished  with  exceedingly  delicate  receiving  instru- 
ments, the  invention  of  Sir  William  Thomson,  and  used  to  receive 
mbssages  from  Brest  and  Duxbury.  These  very  sensitive  instru- 
ments were  found  to  be  seriously  affected  by  earth-currents ;  Le., 
currents  depending  on  some  rapid  changes  in  the  electrical  condi- 
tion of  the  island ;  these  numerous  changes  caused  currents  to  flow 
in  and  out  of  the  French  company's  cames,  interfering  very  much 
with  ttfe  currents  indicating  true  signals.  This  phenomenon  is  not 
an  uncommon  one,  and  the  inconvenience  was  removed  by  laying 
an  insulated  wire  al>out  three  miles  long  back  from  the  station  to 
the  sea,  in  which  a  large  metal  plate  was  immersed ;  this  plate  is 
used  in  practice  as  the  earth  of  the  St.  Pierre  station,  the  changes 
in  the  electrical  condition  or  potential  of  the  sea  beins  small  and 
slow,  in  comparison  with  those  of  the  dry  rocky  soil  of  St.  Pierra 
After  this  had  been  done,  it  was  found  that  part  of  the  so-called 
earth-currents  had  been  due  to  the  signals  sent  by  the  American 
company  into  their  own  lines,  for  when  the  delicate  receiving  in- 
strument was  placed  between  the  earth  at  the  French  station  and 
the  earth  at  the  sea,  so  as  to  be  in  circuit  with  the  three  miles  of 
insulated  wire,  the  messages  sent  by  the  rival  company  were 
clearly  indicated,  so  clearly  indeed,  that  they  have  been  automati- 
cally recorded  by  Sir  William  Hiomson's  syphon  recorder.  An- 
nexed is  a  facsimile  of  a  small  part  of  the  message  concerning  the 
loss  of  the  steamship  Oneida,  stolen  in  this  manner  [here  omitted.] 

It  must  be  clearly  understood  that  the  American  lines  come  no- 
where into  contact,  or  even  into  the  neighborhood  of  the  French 
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line.  The  two  Btations  are  Beveral  hundred  yards  apart,  and  yet 
messages  sent  at  one  station  are  distinctly  read  at  the  other  sta- 
tion; the  only  connection  between  the  two  being  through  the 
earth;  and  it  is  quite  clear  that  they  would  be  so  received  and 
read  at  fifty  stations  in  the  neighborhood  all  at  once.  The  expla- 
nation is  oDTious  enough:  the  p9tential  of  the  ground  in  the 
neighborhood  of  the  stations  is  alternately  raised  and  lowered  by 
the  powerM  battery  used  to  send  the  American  signals.  The  po- 
tential of  the  sea  at  the  other  end  of  the  short  insulated  line  remams 
almost  if  not  wholly  unaffected  by  these,  and  thus  the  island  acts 
like  a  sort  of  great  Leyden  jar,  continually  charged  by  the  Ameri- 
can battery,  and  discharged  in  part  through  the  short  insulated 
French  line.  Each  time  the  American  operator  depresses  his  send- 
ing key,  he  not  only  sends  a  current  through  his  hues,  but  electri- 
fies the  whole  isUmd,  and  this  electrification  is  detected  and 
recorded  by  the  rival  company's  instruments.     ♦    ♦    ♦ 

All  owners  of  important  isolated  stations  should  use  earth-plates 
at  sea,  and  at  sea  only.  This  plan  was  devised  by  Mr.  C.  Variey 
many  years  ago  to  eliminate  what  we  may  term  natural  earth- 
currents,  and  now  it  should  be  used  to  avoid  the  production  of 
artificial  earth-currents  which  may  be  improperly  made  use  of. — 
Nature^  May  6th,  1870. 

3.  Baron  von  Richthofen^B  Explor(xtion8  in  China, — ^The  Baron 
V.  RiCHTHOFBN,  formerly  of  the  Geolorical  Survey  of  Austria, 
accompanied  Mr.  J.  Ross  Brown  to  China  two  years  ago,  and 
since  then  has  occupied  his  time  in  making  geological  explora- 
tions in  China.  His  investigations  have  been  encouraged  by  the 
generous  subscription  of  16,000  dollars,  made  by  the  American 
merchants  of  Chma  to  aid  him  in  prosecuting  such  exploration. 
An  interesting  feature  of  this  subcription  is  that  he  is  at  liberty  to ' 
use  it  as  he  deems  best  for  the  interests  of  science,  without  regard 
to  immediate  commercial  or  economic  results,  and  in  addition  to 
his  geological  work,  he  purposes  to  institute  meteorological  obser^ 
vations  at  several  points. 

Already  many  important  additions  have  been  made  to  the  knowl- 
edge of  the  geology  of  Northern  China  and  Manchuria.  Some  of  his 
observations  made  between  Shanghai,  and  Han-kau  were  published 
in  the  Proceedings  of  the  American  Academy  of  Boston,  vol.  viiL 
Since  these  were  written  other  letters  have  been  received  by  Prol 
J.  D.  Whitney,  from  which  we  hope  to  make  extracts  for  a  future 
number  of  this  JoumaL 

4.  Thermal  UhiU. — Prof  T.  Mtjib  proposes  in  **  Nature"  of  April 
14th,  the  introduction  of  the  word  therm  for  a  thermal  unit,  mak- 
ing that  unit  the  quantity  of  heat  necessary  to  raise  the  temperatu/re 
of  1  gram  of  waiter  from  O*'  C.  to  1°  C.  Therm^  hectothe^,  hilo- 
therm  would  be  consequently  the  expressions  for  respectively 
1,100,  1000  therms,  suggestively  corresponding  to  gram,  hecto- 
gram, kilogram  in  name  as  well  as  in  nature.'' 

6.  Astronomer  at  the  Cape  of  Good  Hope. — ^Mr.  E.  J.  Stone,  P. 
R.S.,  of  the  Greenwich  Observatory,  has  received  an  appointment 
to  this  position. — Nature^  June  28. 
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6.  American  Association, — ^The  American  Association  for  the 
Advancement  of  Science  will  hold  its  next  meeting  in  Troy,  com- 
mencing on  the  first  Wednesday  in  August.  Pro£  vTilliam  Chau- 
venet  is  the  President  for  the  year. 

7.  British  Association, — The  next  meeting  of  the  British  Asso- 
ciation will  be  held  at  Liverpool  on  Wednesday,  the  14th  of  Sep- 
tember, under  the  Presidency  of  Prof  Huxley. 

8.  Admiral  Russell  Henbt  Manitebs,  President  of  the  Astro- 
nomical Society  of  London,  died  recently,  aged  70  years. 

rV.   MISCELLANEOUS  BIBLIOGRAPHY. 

1.  A  concise  analytical  and  logical  Development  of  the  Atmos- 
pheric System  as  God  made  it ;  and  the  Elements  of  prognosticor 
tion  by  which  the  toeather  may  be  forecasted;  designed  as  a 
Weather-book  for  the  practical  mind  of  the  Country  ;  by  Thoicas 

B.  Butler.  Hartforc^  1870.  404  pp.  8vo. — ^This  work  on  Meteor- 
ology will  be  read  with  profit  by  all  interested  in  the  subject.  It 
presents  a  large  number  of  facts  of  the  Author's  own  observations, 
together  with  others  from  various  sources,  and  is  illustrated  with 
many  woodcuts.  The  title  is  calculated  to  excite  a  prejudice  in 
scientific  minds  aeainst  the  volume,  and  many  would  at  once  sub- 
stitute for  "  The  Atmospheric  System  as  God  made  it,"  "  Hie  At- 
mospheric System  as  Thomas  B.  Butler  makes  it."  The  subject  is 
too  large  a  one  to  be  discussed  in  a  book  notice ;  and  we  refer, 
therefore,  to  the  volume  for  the  views,  which,  according  to  the 
motto  on  the  title  pa^e,  is,  in  the  author's  opinion,  "  the  truth 
[that]  is  mighty  and  will  prevail" 

2.  /Synopsis  of  the  Extinct  BaJbrachia  and  Reptilia  of  North 
America :  Part  2d.  By  Edward  D.  Cope. — This  second  part  of 
Prof  Cope's  important  work  on  the  Extinct  Batrachia  and  Rep- 
tilia of  North  America  includes  the  synopsis  of  the  remainder  of 
the  Dinosauria,  the  Testudinata,  the  Pterosauria,  the  IVthonomor- 
pha,  and  the  Ophidia.  The  Testudinata  are  divided  into  two 
groups :  the  Cryptodira,  represented  bv  thirty-four  species  which 
are  referred  to  tourteen  genera,  and  the  Pleurodira,  represented 
by  ten  species  of  four  genera.  Bhabdofelix  longispinis  Cope  is 
the  only  known  North  American  representative  of  the  Pterosauria. 
Of  the  Pythonomorpha,  the  author  mentions  twenty-seven  species. 
Three  S{>ecies  of  the  Ophidia  are  given.  Several  additional  Keptil- 
ian  speoies  are  remarked  upon  in  the  Appendix,  and  one  new  genus 
of  the  Cheloniidffi  is  defined.  Prol  Cope,  through  his  labors,  is 
throwing  great  light  on  the  ancient  vertebrate  life  of  this  continent. 

8.  Mrst  Principles  of  Chemical  Philosophy  :  by  Josiah  P. 
CooKE,  Jr.,  Erving  Professor  of  Chemistry  and  Mineralogy  in 
Harvard  College.  634  pp.  text  and  22  tables  and  index,  12mo. — 
The  first  part  of  Prof.  Cooke's  Chemical  Philosophy  was  noticed 
in  a  former  volume  of  this  JoumaL  That  portion  of  the  work,  it 
will  be  remembered,  was  devoted  to  the  development  of  the  fun- 
damental principles  of  chemical  science.  In  the  second  part  of  his 
treatise,  the  author  gives  a  succinct,  but  very  comprehensive,  sum- 
mary of  the  more  important  elements  and  compounds,  exhioiting 
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their  constitution  and  relation  by  means  of  formnlae  and  reactions, 
illustrated  by  problems  calculated  to  direct  the  attention  of  the 
student  to  the  more  important  facts  and  principles  of  the  science. 

By  his  method  of  developing  the  subiect,  rrof.  Cooke  succeeds 
in  giving  to  chemistry  a  high  degree  of  logical  sequence  and  math- 
ematical exactness,  and  his  work,  taken  in  connection  with  a  good 
book  of  laboratory  practice,  will  be  found  a  most  efficient  aid  to 
both  teacher  and  pupil  in  the  study  of  chemistry. 

4.  Neue  Untersuchungen  Uber  den  elektrisirten  Sauerstoff:  von 
Dr.  G.  Meissnbb.  Mit  zwei  lithographirten  tafeln.  GOttmgen, 
1869.  4to,  pp.  110, — This  brochure,  re-published  from  the  Transac- 
tions of  the  Royal  Academy  of  Sciences  in  Gdttingen,  contains  the 
experiments  made  by  the  author,  with  the  aid  of  his  previous  ex- 
perience, in  support  of  his  opinion  that  the  so-called  atmizone  or 
antozone  fog  consists  only  of  electrified  oxvgen  and  water;  an 
opinion  stated  in  his  previous  research  published  in  1863.  An  ab- 
stract of  this  supplementary  memoir  of  Meissner  will  appear  in 
our  next  number. 

5.  Greait  Outline  of  Geography:  a  TeaOrBook  to  accompany 
the  Universal  Atlas;  by  Theodobb  S.  Fay.  238  pp.  12mo.  New 
York,  1869.  (G.  P.  Futnam  &  Son). — ^Mr.  Fay  has  made  an  impor- 
tant contribution  to  our  means  of  instruction  in  geography  in  the 
Atlas  and  its  accompanying  text,  lately  published  by  Futnam  & 
Son.  The  work  has  been  long  in  preparation,  the  map  having 
been  prepared  by  Hassenstein  of  Berlin,  during  the  author's  long 
residence  as  American  Minister  at  European  courts.  A  fac-simile 
of  a  letter  received  by  the  author  from  Humboldt  expressing  his 
approval  of  it,  is  given  in  the  volume.  The  number  of  plates  con- 
stituting the  atlas  is  eight,  the  most  of  them  double  and  all  well 
executed.  They  give,  as  far  as  the  limited  space  allows,  the  chief 
astronomical,  pohtical  and  historical  features  of  geography,  to- 
gether with  some  of  the  physical,  and  are  presented  in  a  clear 
and  striking  manner.  The  text  consists  partly  of  brief  explana- 
tions of  terms  and  principles,  and  of  historical,  geoeraphictu  and 
otiiier  observations,  out  mainlj  of  lists  of  places  to  be  looked  out 
on  the  maps.  The  plan  of  mstruction  proposed  in  the  work  is 
for  the  teacher  to  read  the  lesson  from  the  book  while  the  pupil 
before  him  "  follows  every  word  upon  the  plates,"  looking  for  me 
cities,  rivers,  <&c.,  as  the  names  are  mentioned ;  and  this  exercise, 
which  is  not  to  exceed,  at  any  one  time,  an  hour,  is  study  enough. 
The  pupil  who  goes  through  with  the  work  under  the  guidance  of 
a  patient  teacher  cannot  fail  to  become  well  acquainted  with  the 
suDJect. 

6.  Geology  and  Bevelation  ;  or  the  ancient  history  of  t?ie  earth 
considered  in  the  light  of  Geological  facts  and  revealed  religion^ 
with  Illustrations  ;  by  die  Rev.  Gbbald  Molloy,  D.D.,  Professor 
of  Theology  in  the  Royal  College  of  St.  Patrick  Meynooth.  418 
pp.  12mo.  London,  1870,  (Longmans,*Green,  Reader  and^Dyer^. 
— ^No  book  on  this  subject  has  appeared  from  the  theological  side 
that  is  more  worthy  of  respect  than  this  by  Dr.  Molloy.  The 
author's  dbcussion  oi  the  prmoiples  of  geology,  with  reference  to 
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their  bearing  on  the  Mosaic  histoiy  of  Creation  evinces  great 
flEuniliarity  with  the  science  and  the  necessities  of  the  unscientific 
reader,  and  thorough  knowledge  of  the  sacred  record.  In  treating 
of  the  antiquity  of  the  earth  he  enforces  his  argument  by  copious 
quotations  horn  the  Christian  Fathers,  showing  that  lone  before 
geology  had  any  existence  as  a  science,  and  of  course,  when  the 
discussions  and  doubts  it  has  excited  were  unknown,  the  essential 
points  respecting  time  and  the  order  of  Creation  had  received 
careful  attention  from  devout  thinkers,  and  that  the  conclusions,  at 
which  they  arrived  on  purely  theological  grounds,  were  in  most 
cases  mucn  the  same  as  those  which  the  best  writers  of  our  time 
deduce  from  geological  evidence.  Dr.  Molloy  closes  his  argu- 
ments as  follows : — •"  We  have  then  two  distinct  systems  of  inters 
pretation  according  to  which  the  vast  antiquity  of  the  earth 
asserted  by  geology  may  be  fairly  brought  into  harmony  with  the 
history  of  creation  recorded  in  Scripture.  One  allows  an  interval 
of  incalculable  duration  between  the  Creation  of  the  Heavens  and 
the  Earth,  and  the  work  of  the  six  days ;  the  other  supposes  each 
one  of  the  six  days  to  have  been  itself  an  indefinite  period  of 
time.''  The  questions  touching  the  antiquity  of  the  human  race 
the  author  proposes  to  discuss  separately  at  a  future  time. 

We  understand  that  this  work  will  soon  be  issued  from  the  pub- 
lishing house  of  Q.  P.  Putnam  &  Son  of  New  York. 

7.  MdiquioB  AquUcmicWy  being  contributions  to  the  ArchcBology 
and  Palceontology  of  PMgord  and  the  acfpining  Provinces  cf 
Southern  France;  by  E  Labtbt  and  Henby  Christy,  edited  by 
Thomas  Rupebt  Jones,  Pro£  G^eoL,  etc.^  Roy.  MiL  College,  Sana- 
hurst.  Part  X,  for  February,  1870,  carries  the  work  to  pages  140 
and  132  in  its  two  parts,  the  plates  to  A  xzzn,  and  B  xvm. 

Report  of  the  Ck>mmi88ioner  of  Agriculture  for  the  year  1868.  671  pp.  Wash- 
ingtoiif  1869. 

Annual  Report  of  the  Trustees  of  the  Museum  of  Oomparatiye  Zoology,  at 
Haryard  College.  42  pp.  8yo.    Boston.  18*70. 

First  Annual  Report  of  the  American  Mui^eum  of  Natural  History.  pCoaeom  in 
the  New  Yoric  Park.]  30  pp.  8vo.    Jan.  1870. 

TransactionB  of  the  Edinburgh  (Geological  Society,  Vol  I,  Parts  I,  n,  m,  372  pp. 
8vo.  with  many  plates.   1868-1869.    Edinburgh. 

Tables  for  the  determination  of  Minerals;  by  Thomas  Egleston,  Jr.,  Prof.  lOn. 
and  Met,  in  the  School  of  Mines  of  Columbia  College.  26  pp.  Sva  New  Yoik, 
1870. 

A  Treatise  on  Elementary  Geometry,  with  appendices  oontaimng  a  CoUeotlon  of 
Exerdses  for  students  and  an  introductioD  to  Modem  Geometry;  by  WiDiam 
Chauyenet,  L.L.D.  Prof,  of  Math,  and  Astr.  in  Washhigton  Uniy.  368  pp.  Sva 
Philadelphia,  1870.    (J.  B.  Lippinoott) 

On  Eozoon  Canadense,  by  Professors  William  King  and  T.  H.  Rowoey.  of  Queen's 
Uniy.,  Ireland.  48  pp.  8yo..  with  4  colored  plates.  From  the  Proc.  R.  Irish  Acad.. 
July,  1869.  [Facts  and  arguments  against  the  animal  nature  of  the  Eozoon,  (hm 
which  we  may  dte  at  another  time]. 

Report  of  the  British  Association  for  1869.    cv,  434  and  260  pp.    London,  1870. 

GnmdK&ge  einer  allgemeinen  Theorie  der  OberflSohen  in  syi^etisoher  Behaod- 
hmg,  yon  D.  Ludwig  ^mona,  l^f.  Berlin.    1870. 

Annali  di  Mathematica  pura  ed  applicata,  diretta  da  F.  Briosdiie  L.  Cr^nona, 
8er.  n,  Milana 

The  American  Colleges  and  the  American  Pubho;  by  Noah  Porter,  D.D.,  Pro> 
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Art.  XVL — Oomparison  of  the  mean  daily  range  of  the  Magnetic 
Declination^  with  the  nurnber  of  Auroras  observed  each  year,  and 
the  extent  ofiheblack  Spots  on  the  suTface  of  the  Sun;  by  Elias 
Looios,  Aofessor  of  Natural  Philosophy  in  Yale  CoUega 

In  1820,  M.  Schwabe  of  Dessau  in  Germany  commenced  a 
series  of  observations  of  the  solar  spots  which  he  has  continued 
to  the  present  time.  For  each  year  he  has  kept  a  record  of  the 
number  of  days  of  observation,  the  number  of  groups  of  spots 
observed,  and  the  days  on  which  the  sun  was  §ee  from  spots. 
These  observations  decidedly  indicate  a  periodicity  in  the  nilm- 
ber  of  the  solar  spots,  a  maximum  recurring  at  an  interval  of 
from  7  to  18  years.  In  1849,  Dr.  Rudolf  Wolf,  of  Zurich, 
Switzerland,  commenced  a  series  of  observations  for  the  same 
object  as  those  of  Schwabe,  but  upon  a  plan  somewhat  more 
precise  and  thorougL  For  each  day  of  observation  he  recorded 
two  numbers;  the  first  showed  how  many  groups  or  isolated 
spots  were  seen  with  a  four-feet  Fraunhofer  telescope  and  a 
magnifying  power  of  64 ;  the  second  showed  the  total  number 
of  visible  spots  for  that  day.  In  order  to  deduce  from  these 
observations  a  series  of  numbers  which  shall  be  proportional 
to  the  amount  of  spotted  surface  of  the  sun,  he  multiplies 
the  number  of  groups  for  each  day  by  ten,  and  adds  to  this 

Eroduct  the  total  number  of  spots.     Thus,  if  on  a  certain  day 
e    counts  9  ^ups  and    81  single  spots,  he  obtains  121 
(9  X 10+81)  which  he  calls  the  relative  number.     The  mean  of  all 
the  numbers  thus  obtained  for  a  month,  is  the  relative  number 
for  that  month ;  and  the  mean  of  the  number  thus  obtained  for 
Am.  Jour.  Sol--8boond  Ssbibs,  Tol.  L,  Na  149.— Sm.,  1870. 
10 
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a  year  is  the  relative  number  for  that  year.  Dr.  Wolf  has  con- 
tinued these  observations  to  the  present  time,  and  they  show 
clearly  a  minimum  in  1856  and  another  in  1867,  the  interval 
being  11  years. 

Dr.  Wolf  has  made  a  most  thorough  examination  of  the 
records  of  Astronomical  observers,  since  the  invention  of  the 
telescope  in  1608,  and  has  aimed  to  deduce  a  similar  series  of 
numbers  which  shaD  be  proportional  to  the  amount  of  spotted 
surfece  of  the  sun  for  a  penod  of  260  vears.  In  this  attempt 
he  has  been  remarkably  successful,  and  he  claims  to  have  cie- 
termined  the  date  of  eveiy  maximum  and  every  minimum  of 
the  solar  spots  since  1608.  He  has  also  published  a  table  of 
relative  numbers  for  each  year  since  1700,  in  which,  however, 
we  find  86  years  marked  with  an  interrogation  point,  indicating 
that  the  numbers  for  those  years  are  specially  unreliable,  or 
were  derived  by  interpolation.  Since  1749  only  12  years  are 
thus  marked  with  an  interrogation  point  These  years  are  1774, 
1792,  1798,  1801  to  1807,  and  1814-^.  From  1749  to  1825, 
the  numbers  for  87  years  are  claimed  to  be  specially  reliable. 

The  following  is  a  list  of  all  the  important  observations  since 
1700  from  which  these  numbers  are  derived.  All  the  refer- 
ences are  to  "  Vierteljahrschrift  der  Naturforschenden  Gesell- 
schaft,  in  ZuricL" 

Obfl.  from  1700-1748  by  Kirch,  voL  12,  Obs.   from  1794-1830    by  Fkragerguee, 


p.  142. 
1706-1726  by  Plantade,  vol  6, 

p.  258. 
1718-1726  by  Boat  and  Alls- 

ches,  YoL  6,  p.  261. 
1742-1751  by  Hagen,  toL  4, 

p.  250. 
1749-1799  by  Staudaoher,  vol. 

2,  p.  277. 
1764-1760  byZuoooni,  toL  2, 

p.  285.  . 
1769  by  Horrebow,  voL  10,  p. 

281. 
1773-1777  by  MaUet,  toL  3,  p. 

394. 


vol  6,  p.  433. 
1800-1818  by  Heinrich,  toL 

4,  p.  86. 
1813-1836  by  Stark,  roL  3, 

p.  373. 
1816-1826  by  Tevel,  voL  4,  p. 

239. 
1819-1823  by  Adama,  toL  6, 

p.  449. 
1826-1868  by  Schwabe,  toI.  1, 

p.  266 ;  vol  6,  p.  1,  eta 
1849-1868  by  Wolf,  vols.  1,  to 

14. 
1864-1860  by  CarriDgton,  toL 

9,  p.  248. 


I  have  no  reason  to  doubt  that  the  relative  numbers  which 
Dr.  Wolf  has  derived  from  these  observations  are  generally  as 
accurate  as  can  be  deduced  from  the  materials  employed,  but  I 
ttink  his  numbers  need  some  correction  for  the  years  1798  and 
1794  and  probably  also  for  1795.  His  numl>ers  from  1787 
to  1795  are 


1787  92-8* 

1788  90-6* 

1789  854 


1790  75-2 

1791  46-1 

1792  52-7? 


1798   20-7? 

1794  28-9 

1795  16-5 


I  propose  to  examine  into  the  accuracy  of  these  numbers  for 
1798  and  1794 
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The  relative  numbers  fix)in  1787  to  1798  depend  almost  en- 
tirely upon  the  observations  of  Staudacher.  On  p.  288,  voL  2, 
WoIj^  by  comparing  the  average  number  of  spots  on  each  day 
of  ol^ervation,  deduces  the  following  niimbers  : 


1787. 

1788. 

1789. 

1790. 

1791. 

1792. 

1793. 

46-4 

45-8 

89-4 

87-6 

22-8 

21-7 

17-0 

Avenge  d^DT  No.  ot 

Dwfc 

GroniM.          Bpoti. 

BeiattTeNo. 

85 

117       4-28 

15-9 

51 

1-22        2-20 

14-4 

The  relative  numbers  which  he  gives  for  1787  and  1788  are 
obtained  by  doubling  the  corresponding  numbers  here  given 
for  those  years ;  and  applying  the  sapie  rule  to  1798  we  obtain 
84  as  the  relative  numoer  for  that  year.  K  we  combine  with 
Staudacher's  observations,  the  six  observations  made  by  Huber, 
Hahn,  and  Bode  we  shall  obtain  almost  exactly  the  same  residi 
I,  therefore,  adopt  84  as  the  most  probable  relative  number  for 
1798. 

The  relative  number  for  1794  depends  chiefljr  upon  the  ob- 
servations of  Flaugergues,  and  I  will  compare  his  observations 
for  1794  with  those  for  1816,  for  which  year  Wolf  considers 
the  relative  number  as  well  determined ;  and  I  will  also  include 
15  dajrs  (Sept  12  to  27,  1794)  as  being  without  spots.  The 
following  is  a  summary  of  the  results  : 

Groups.       Spots. 

1794,  41        148 

1816,  62        112 

The  relative  number  which  Wolf  adopts  for  1816  is  45 '5. 
The  above  result  for  1794,  reduced  to  the  same  scale,  becomes 
50'2.  If  we  combine  with  the  observations  of  Flaugergues, 
observations  on  15  days  made  by  Ende,  Herschel,  Bode  and 
Staudacher,  this  relative  number  will  be  somewhat  increased. 
I  therefore  adopt  50  as  a  number  not  too  great  for  the  relative 
number  of  1794,  in  place  of  28*9  given  by  Wolf.  A  similar 
analysis  applied  to  the  observations  of  1795  would  g^ve  85  as 
the  correct  relative  number  instead  of  16*5.  The  maximum  for 
1804,  Dr.  Wolf  estimates  at  70 ;  but  this  number  is  altogether 
conjectural,  since  observations  are  reported  for  only  two  cmys  of 
that  year.  The  observations  of  the  magnetic  declination  mdi- 
cate  that  this  number  is  too  great,  and  1  have  accordingly  re- 
duced it  to  50,  and  have  reduced  the  numbers  for  Jihe  three 
preceding  and  following  years  in  the  same  ratio.  The  entire 
series  of  relative  numbers  from  1740  to  1868  will  then  be  as 
follows.  An  asterisk  (*)  denotes  a  result  considered  specially 
trustworthy ;  an  interrogation  point  (?)  denotes  a  result  consia- 
ered  specially  untrustworthy. 
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TabUof 

Relative  Number 

of  Solar  SpoU  Each  Tear. 

Number  1 

iNninberl 

1     iKomben 

Number  1     iNomber 

Tmt. 

of 

Yew, 

of 

Tew. 

of 

Tew.   of 

Tew. 

ofi 

1740 

Spots. 

Spoto. 

Spots. 

{Spots. 

Spots. 

60-0? 

1766 

17-6 

1792^  52-7? 

1818  i  341* 

1844 

13-0* 

1741 

360? 

1767 

33-6 

1793 1  34  0? 

1819'  22-6» 

1845 

33-0* 

1742 

18-3 

1768 

62-2 

1794  60-0 

1820 

8-9» 

1846 

47-0* 

1743 

14-6 

1769 

86  7* 

17951  36.0 

1821 

4-3» 

1847 

79-4» 

1744 

60? 

1770 

79-4* 

1796 

9-4» 

1822 

2'9» 

1848 

100-4* 

1745 

100? 

1771 

73-2* 

1797 

6-6» 

1823 

13* 

1849 

96-6» 

1746 

20-0? 

1772 

49-2 

1798 

2-8» 

1824 

6-7 

1850 

64-6» 

1747 

360? 

1773 

39-8 

1799 

6.9* 

1826 

17-4 

1861 

61-9* 

1748 

600? 

1774 

47-6? 

1800 

lOl* 

1826 

29-4» 

1862 

52-2» 

1749 

63-8» 

1776 

27-6 

1801 

221? 

1827 

39-9» 

1853 

37-7» 

1750 

68-2» 

1776 

352 

1802 

27-4? 

1828 

62-6 

1854 

19-2* 

1761 

40-9* 

1777 

63-0 

1803 

36-7? 

1829 

53  6* 

1856 

6-9» 

1753 

33-2» 

1778 

94-8 

1804 

60-0? 

1830 

691» 

1866 

4-2» 

1763 

231 

1779 

902 

1805  35-7? 

1831 

38-8* 

1867 

216* 

1764 

13-8* 

1780 

72-6 

1806!  21-4? 

1832 

226* 

1868 

60'9» 

1766 

6-0* 

1781 

67-7 

1807  j  71  ? 

1833 

7-6* 

1859 

96-4* 

1766 

8'8* 

1782 

33*2 

1808   2  2 

1834 

ll-4» 

1860 

98-6* 

1757 

30-4* 

1783 

22-6 

1809 

0-8 

1835 

46.6» 

1861 

77*4* 

1768 

38-3 

1784 

4-4 

1810 

00* 

1836 

96-7.'> 

1862 

69-4* 

1769 

48*6 

1786 

18-3 

1811 

0-9* 

1837 

lllO* 

1863 

44.4s. 

1760 

48-9* 

1786 

60-8* 

1812 

6-4* 

1838 

82-6» 

1864 

471* 

1761 

750* 

1787 

92-8» 

1813 

13-7* 

1839 

68-6» 

1865 

32-6» 

1762 

60-6* 

1788 

90-6* 

1814 

200 

1840 

61-8* 

1866 

17-6* 

1763 

37-4* 

1789 

86-4 

1815)  36*0 

1841 

29-7* 

1867 

8-0* 

1764 

84-6» 

1790 

75-2 

1816  45-6» 

1842 

19-5» 

1868 

40-2* 

1766 

230* 

1791  46.1  1 

1817  43-6* 

1843 

8-6* 

1869 

841* 

The  curve  line  at  the  bottom  of  the  accompanving  Plate, 
shows  the  fluctuations  in  this  series  of  numbers,  and  eMibits  a 
succession  of  maxima  and  minima  which  occur  at  the  following 

dates: 

Maixima.  Minima. 


Tesr. 

1760 
1761 
1769 
1778 
1787 
1794 


InterrsL 

11  years. 

8  " 

9  *' 
9  " 
7      •* 


Tesr. 

1804 

1816*6 

1830 

1837 

1848 

1860 


iBtenrsl. 

10  jears. 
12-6     " 
13-6      " 

7        " 

11  ** 

12  " 


Tesr.  Intenrsl. 

IJrrk    ll-67ear8. 
1766 


1776 
1784 
1793 
1798-6 


10*6 
9 
9 
9 
6-6 


Tesr. 

1810 
1823 
1833 
1843 
1866 
1867 


11-6 

13 

10 

10 

13 

11 


Interrsl. 
jears. 


The  maxima  occur  at  intervals  which  vary  from  7  to  18'5 
years,  the  average  interval  being  exactly  ten  years.  The  min- 
ima occur  "at  intervals  which  vary  from  5 '5  to  18  years,  the  aver- 
age interval  being  lOJ  years.  Dr.  Wolf  overlooks  the  maxi- 
mum of  1794  and  counts  but  one  period  from  1787  to  1804. 
This  interval  amounts  to  17  years,  which  is  the  same  as  the  in- 
terval from  the  maximum  of  1761  to  that  of  1778  (including 
two  periods) ;  and  the  interval  from  the  maximum  of  1880  to 
that  of  1848  (including  also  two  periods)  is  only  18  years.  I 
think,  therefore,  we  should  coimt  1794  as  a  year  of  maximum, 
equal  in  amount  to  the  following  maxima  of  1804  and  1816, 


Digitized  by  VjOOQ  IC 


-E  Loomis  on  Solar  Spots j  Magnetic  Declination^  etc      167 

but  almost  blended  with  the  preceding  maximum  of  1787,  in 
conseauence  of  an  unusual  prevalence  of  spots  during  the  in- 
tennediate  interval    From  1750  to  1860,  Dr.  Wolf  reckons  only 

10  periods,  which  would  make  the  average  length  of  one  period 

11  years ;  but  if  we  reckon  11  periods  (as  I  think  we  ought)  we 
shall  find  the  average  length  of  one  period  to  be  10  years. 

If  now  we  attempt  to  explain  the  fluctuations  in  the  sun's 
surfece  by  ascribing  them  to  the  influence  of  the  planets,  we 
find  that  the  planet  whose  period  approaches  nearest  to  the  pe- 
riod of  10  or  11  years,  is  Jupiter,  whose  time  of  revolution  is 
11*86  years,  which  is  nine  months  greater  than  Wolfs  period, 
and  almost  two  years  greater  than  the  period  above  found.  But 
the  interval  between  two  successive  heliocentric  conjunctions  of 
Jupiter  and  Saturn  is  19*86  years.  Once,  therefore,  in  9*98 
years,  Jupiter  and  Saturn  are  either  in  conjunction  or  opposi- 
tion ;  and  if  we  suppose  that  the  action  of  these  planets  upon  the 
sun  has  some  analogy  to  that  of  the  moon  upon  the  earth  in 
raising  a  tide,  then  we  shall  have  a  cause  whose  period  corres- 
ponds quite  accurately  with  the  mean  period  of  the  maxima  of 
the  solar  spots.  It  remains,  however,  to  assign  a  cause  why 
these  periods  are  alternately  increased  and  diminished  by  8  or 
4  years,  and  why  the  successive  maxima  are  so  variable  in 
amount  This  cause  may,  perhaps,  be  found  in  part  in  the  po- 
sition of  Jupiter  and  Saturn  in  their  orbits  at  the  time  of  con- 
junction and  opposition ;  but  to  render  the  explanation  com- 
plete we  seem  obliged  to  admit  that  the  mametic  condition  of 
the  sun  has  undergone  a  decided  change  witnin  the  past  centu- 
ry ;  for  whether  we  compare  the  times  of  maximum  and  mini- 
mum of  the  solar  spots  with  the  heliocentric  longitudes  of  Ju- 
piter and  Saturn,  or  with  their  conjunctions  and  oppositions,  we 
nnd  large  differences  in  the  apparent  influence  oi  these  planets 
in  successive  revolutions,  and  these  differences  go  on  steadily 
increasing  for  several  revolutions  of  Jupiter ;  in  other  words  the 
action  of  Jupiter  and  Saturn  does  not  appear  to  be  always  the 
same  in  the  same  part  of  their  orbits,  nor  does  the  maximum  of 
the  spots  always  occur  at  the  same  interval  fi*om  conjunction  or 
opposition  of  the  planets. 

That  the  mean  period  of  the  solar  spots  is  determined  main- 
ly by  the  conjunctions  and  oppositions  of  Jupiter  and  Saturn, 
is  rendered  probable  by  a  similar  action  of  Venus  and  the  eartL 
The  observations  of  Mr.  Carrington  from  1854  to  1860,  have 
been  carefully  reduced  by  Messrs.  De  La  Eue  and  Stewart  (Ee- 
searches  on  Solar  Physics,  second  series,  1866)  so  as  to  show 
the  actual  area  of  the  sun's  spotted  surface  for  each  day  of  ob- 
servation for  seven  years.  In  order  to  eliminate  the  effect  pro- 
duced upon  the  amount  of  spotted  surface  by  the  ten  yearly 
period,  Messra  D.  and  S.  have  taken  the  difference  between  the 
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actual  amount  of  spotted  sur&ce  for  each  month,  and  the 
amount  indicated  by  the  normal  ten  yearly  curve.  These  dif- 
ferences are  mainly  the  effect  of  causes  whose  period  is  less  than 
10  years.  If  now  we  arrange  these  numbers  in  appropriate  col- 
umns regulated  by  the  times  of  conjunction  of  Venus  and  the 
earth,  and  take  the  averages  of  the  different  columns,  we  shall 
find  that  the  results  follow  (in  the  main)  an  obvious  law,  as 
will  be  seen  in  the  following  table,  showing  the 

Spotted  surface  of  the  mm  dependent  vpon  the  oonjwhcHona  of  Yenm  and  tke  Earth. 


1854  Feb.  28.  Inf.conj. 
"    Dec.  12.  Sup.  conj. 

4 

Months 
8 

Before 

1 
-198 

Con- 
jnnc. 
-  34 

1 
-  47 

liontht  After. 

3            8 
+  10  -147 

4 
-107 

1866  Sept.  30.  Inf.  conj. 

-  88 

+     6 

-   73 

+  311 

-  75 

+  369 

+  114 

-  60 

-  93 

1866  July  20.  Sup.  oonj. 

-  63 

-  48 

-  60 

-  38 

-  36 

+   35 

-     2 

+  40 

0 

1867  May  9.  Inf.  conj. 

0 

+   16 

0 

-f     9 

+   20 

+  138 

-  30 

-  48 

-  55 

1868  Feb.  28.  Sup.  conj. 

—     6 

—  30 

-165 

+   16 

+240 

-  83 

+   20 

-160 

+  280 

*'    Dec.  13.  Inf.  conj. 

+  46 

-177 

-   90 

+  419 

+   62 

+  494 

-364 

-214 

-  58 

1869  Sep.  27.  Sup.  conj. 

-167 

+  183 

+  443 

+  488 

+  286 

+  960 

-235 

-  65 

-670 

1860  July  18.  Inf.  conj. 

-115 

-460 

+  626 

+  640 

+  900 

+  760 

+135 

-300 

-670 

Mean 

-305 

-900 

-600 

-180 

+  720 

+235 

-666 

-  25 

+100 

-   87 

-177 

+   24 

+  163 

+  231 

+  317 

-102 

-108 

-141 

Months  After. 
1      S       8      4 


The  curve  of  the  accompanying        Months  Before, 
figure  represents    these    average  +*», 
results,  and  shows  that  the  prin- 
cipal  part  of  these  differences  may  "*" 
be  represented  by  a  simple  curve  +ioo 
whose  period  is  9*7  months ;  being 
the  period  between  the  successive 
conj  unctions  of  Venus  and  the  Bun, 
or  the  heliocentric  conjunctions  "^^ 
and  oppositions  of  Venus  and  the  .^ 
earth. 

The  preceding  facts  are  thought  to  warrant  the  following 
propositions : 

1.  The  mean  interval  between  the  successive  maxima  of  the 
solar  spots  is  almost  exactly  ten  years. 

2.  The  value  of  the  maximum  of  the  solar  spots  is  variable, 
there  being  generallv  two  or  three  successive  maxima  of  unu- 
sual magmtude,  followed  by  two  or  three  maxima  which  are 
smaller  than  the  average  mas^nitude. 

8.  The  ten  yearly  period  of  the  solar  spots  is  determined  by  the 
heliocentric  conjunctions  and  oppositions  of  Jupiter  and  Saturn. 

4.  The  principal  fluctuations  in  the  amount  of  the  sun's 
spotted  simace  from  the  normal  ten-yearly  curve,  are  deter- 
mined by  the  heliocentric  conjunctions  and  oppositions  of  Ve- 
nus and  the  eartL 

5.  The  fluctuations  in  the  period  of  the  solar  spots  fix)m  7  to 
18  years,  and  the  great  fluctuations  in  the  amount  of  the  suc- 
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cessive  maxima  camiot  be  explained  simply  by  the  configura- 
tion of  the  planets,  without  also  admitting  a  secular  change  in 
the  magnetism  of  the  sun  analogous  to  the  secular  change  which 
has  been  observed  in  the  magnetism  of  the  eartL 

Diurnal  inequality  of  the  magnetic  DeclinaMon, — ^In  comparing 
the  diurnal  inequality  of  the  magnetic  Declination  with  the 
amount  of  spotted  surfece  of  the  sun,  I  have  taken  the  obser- 
vations at  Prague  as  the  standard,  because  these  observations 
are  at  least  as  suitable  for  this  purpose  as  those  of  anj  other  ob- 
servatory, and  because  they  are  the  observations  which  Profes- 
sor Wolf  has  chiefly  employed  in  his  comparisons.  During  the 
eighteenth  century,  observations  of  the  ma^etic  declination  were 
made  at  Montmorency,  France ;  at  Mannheim,  Baden ;  at  Paris 
and  London.  Those  of  Montmorency  extend  fi^om  1777  to  79, 
and  were  published  in  the  Connaissance  des  temps  for  1780,  etc., 
and  are  copied  in  the  Zurich  Vierteljahreschrift,  v.  5,  p.  241 ; 
those  of  Mannheim  extend  from  1781  to  1790,  and  were  pub- 
lished in  the  Palatine  Ephemerides,  and  are  copied  in  the  Vier- 
teljahrsschrift,  v.  6,  p.  427 ;  those  of  Paris  were  made  by  Cas- 
sini,  and  extend  from  1784  to  *88,  and  are  copied  in  the  v  iertel- 
jahrsschrift,  v.  2,  p.  291 ;  and  those  of  London  extend  from 
1786  to  1805,  were  made  by  Gilpin,  and  were  published  in  the 
London  Philosophical  Transactions  for  1806,  p.  416.  During 
the  present  century,  before  the  commencement  of  the  Prague 
observations,  we  have  Beaufoy's  observations  at  London  from 
1818  to  *20;  Arago's  observations  at  Paris  from  1821  to  '31 ; 
and  the  Gottingen  observations  from  1834  to  1840. 

In  order  that  all  these  observations  may  be  properly  repre- 
sented by  a  continuous  curve,  a  correction  must  be  applied,  not 
only  for  difference  of  locality,  but  also  for  a  difference  in  the 
hours  of  observation,  and  for  a  difference  in  the  mode  of  dedu- 
cing from  the  observations  the  mean  diurnal  changa  At 
Prague,  the  mean  diurnal  change  for  the  year  is  obtained  by 
taking  the  difference  between  the  mean  declinations  at  8  a.  M. 
and  2  P.  M.  But  the  greatest  declination  usually  occurs  at  1 
p.  M.,  so  that  the  diurnal  change  appears  greatest  at  those  obser- 
vatories which  select  the  hours  otS  A.  M.  and  1  p.  M.  Also  the 
critical  hours  vary  somewhat  with  the  season  of  the  year,  so 
that  we  shall  obtain  a  still  greater  value  of  the  diurnal  change 
if  we  combine  the  hours  of  maximum  and  minimum  for  eadi 
month  separately.  Moreover,  at  Greenwich  it  is  customary, 
in  making  these  determinations,  to  reject  those  observations 
which  were  made  in  times  of  great  magnetic  disturbance.  If 
such  observations  are  retained,  their  effect  will  be  to  increase 
considerably  the  amount  of  the  mean  diurnal  changa  It  is  diflBl- 
cult  to  decide  what  correction  should  be  applied  to  the  different 
series  of  observations  above  enumerated,  in  order  to  reduce 
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them  to  the  Prague  standard.     Fortunately,  however,  this  cor- 
rection scarcely  at  all  affects  the  times  of  maximum  and  mini- 
mum,  but  simply  removes  what  would  otherwise  appear  as 
anomalies  in  the  amount  of  the  diurnal  fluctuation  for  oifferent 
years.     The  corrections  which  I  have  actually  applied  are  the 
following : 
The  oDservations  at  Montmorencv  have  been  increased  by 
one-fifl;eentn  part 
"  "  "  Mannheim  diminished  by  one-fifteentL 

"  "  "  Paris,  1784-88,  diminished  by  one-fifth. 

"  "  "  London,  1786-1820,  diminished  by  one- 

tenth. 
"  "  "  Paris,  1821-81,  diminished  by  one-fourth. 

**  "  "  Gottingen,  1884r-iO,  dmiinislied  by  one- 

fifteenth. 
The  following  table  presents  a  sunmiary  of  all  these  obser- 
vations :     [See  pa^e  161.] 

These  oDservations,  ^fter  being  reduced  to  the  Prague 
standard  in  the  manner  already  stated,  are  represented  by  the 
middle  curve  traced  on  the  accompanying  Plate.  This  curve 
bears  an  obvious  resemblance  to  the  curve  of  solar  roots,  and  in 
general  may  be  said  to  be  parallel  with  it  The  differences  be- 
tween the  two  curves  prior  to  1884,  may  be  suspected  to  arise 
in  part  from  errors  in  the  observations  of  one  or  both  of  the 
phenomena  represented.  Since  1884  the  general  correspondence 
of  the  two  curves  is  remarkably  close,  but  real  differences  are 
indicated  in  the  years  1836-8,  in  1842-4,  and  in  1864. 
This  comparison  seems  to  warrant  the  following  propositions : 

1.  A  diiimal  iuequality  of  the  magnetic  declination,  amount- 
ing at  Prague  to  about  six  minutes,  is  independent  of  the 
changes  in  tne  sun's  surface  from  year  to  year. 

2.  The  excess  of  the  diurnal  inequality  above  six  minutes  as 
observed  at  Prague,  is  almost  exactly  proportional  to  the  amount 
of  spotted  surfece  upon  the  sun,  and  may  therefore  be  inferred 
to  DC  produced  by  this  disturbance  of  the  sun*s  surface,  or 
both  disturbances  may  be  ascribed  to  a  common  cause. 

Periodical  recurrence  of  great  auroral  displays. — In  attempting 
to  decide  whether  auroral  displays  exhibit  the  character  of  a 
true  periodicity,  a  careful  discrimination  is  necessary  in  selecting 
our  data  for  comparison.  Travelers  who  have  wintered  in  some 
parts  of  the  Arctic  regions,  have  rej)orted  that  auroral  displavs 
were  witnessed  almost  every  clear  night  when  the  light  of  the 
sun  did  not  interfere,  even  on  those  years  when  in  tiae  middle 
latitudes  auroras  were  least  frequent  If  then  we  construct  a 
complete  catalogue  of  all  recorded  auroras,  including  the  142 
auroras  observed  at  Fort  Enterprise  in  1820-1,  the  148  auroras 
observed  at  Bossekop  in  1888-9 ;  the  141  auroras  observed  at 
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Moose  Factory  in  1850-1;  and  the  131  auroras  observed 
at  Point  Barrow  in  1852-8,  etc.,  we  introduce  into  our 
series  of  numbers  an  anomaly  wbich  results  simply  fix>m 
a  change  of  the  station  of  observation,  and  our  numbers 
do  not  represent  the  relative  frequency  of  auroras  on  different 
years  for  any  single  station  or  region  of  the  eartL  All  obser- 
vations then  from  the  polar  regions  which  are  limited  to  occa- 
sional years,  and  do  not  form  a  continuous  series,  should  be  en- 
tirely aiscarded  in  the  present  comparison.     We  desire  to  know 

Diurnal  inequality  of  the  Magnetic  Declination, 


Year. 

Montmo. 
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Mannheim. 

Paris. 

London. 

Rednc'd 

to 
Prague. 

Year. 

Paris. 

Qottto- 
gen. 

Bednced 

to 
Prague. 
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1777 

11"2 
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7-57 
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11-79' 

12-80| 

11-611 
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7-77 
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6  41 
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whether  auroral  displays  exhibit  a  periodicity  in  any  given  lo- 
cality or  region,  ana  for  this  purpose  we  desire  a  long  series  of 
feitlmil  observations  at  a  single  station  or  a  limited  number  of 
stations ;  or  if  satisfactory  observations  of  this  kind  cannot  be 
obtained,  then  we  must  employ  observations  from  a  limited  re- 
gion of  country  where  the  records  have  been  the  most  complete 
and  continuous. 

The  observations  at  New  Haven  and  Boston  combined 
(Smith.  Eeport,  1865,  p.  225,)  form  a  tolerably  complete  series 
from  1742  to  1854,  ana  these  numbers  correspond  in  a  remark- 
able manner  with  the  fluctuations  in  the  solar  spots;  but  since 
during  a  considerable  portion  of  this  period  no  systematic 
watch  for  auroras  was  maintained,  it  is  desirable  to  combine 
with  this  series,  observations  made  at  other  localities.  The  ob- 
servations at  St  Petersburg  (SmitL  Eep.  1865,  p.  227)  are  con- 
tinuous ftx^m  1726  to  1811 ;  and  the  observations  at  Berlin  (Heis 
Wochenschrift,  Jan,  1870,  p.  47)  are  continuous  from  1700  to 
1800.  I  have  combined  these  observations  with  those  at  New 
Haven  and  Boston,  and  the  correspondence  of  the  resulting  num- 
bers with  the  fluctuations  of  the  solar  spots  is  quite  satisfectory. 
Inasmuch,  however,  as  I  have  not  been  able  to  obtain  a  con- 
tinuation of  the  Petersburg  and  Berlin  observations  to  the  present 
time,  I  have  thought  it  best  to  extend  the  area  of  observation,  and 
include  all  publisned  observations  from  Europe  south  of  the  par- 
allel of  55°.  By  this  method  of  comparison  we  eliminate  to  a 
considerable  extent  the  anomalies  introduced  into  the  obser- 
vations of  any  single  station,  by  cloudy  weather  which  conceals 
many  auroras  from  view ;  ana  we  also  partially  eliminate  the 
anomalies  resulting  from  the  unequal  ailigence  of  the  many 
different  observers  who  must  necessarily  participate  in  a  series  of 
observations  extending  over  more  than  a  century. 

In  the  Vierteljahrsschrift,  vol.  10,  p.  282,  is  given  a  very  com- 

{)lete  catalogue  of  European  auroras  classified  by  parallels  of 
atitude,  and  I  have  used  this  as  my  principal  basis  in  the  sub- 
sequent comparisons.  In  the  table  on  page  163,  column  first 
shows  the  year  of  observation ;  column  second  the  number  of 
auroras  recorded  in  Europe  south  of  the  parallel  of  55° ;  column 
third  the  auroras  at  New  Haven  and  Boston ;  column  fourth  the 
sum  of  the  numbers  in  the  two  preceding  columns.  In  order 
to  eliminate  still  ftirther  the  effects  of  irregular  and  non-periodic 
causes,  I  have  taken  the  averages  of  the  numbers  in  column 
fourth  for  each  successive  period  of  three  years,  and  the  num- 
bers thus  resulting  are  given  in  column  fiftn. 

For  a  few  years  preceding  and  following  1787,  column  second 
shows  a  vfery  remarkable  increase  in  the  number  of  observed 
auroras  sufficient  to  excite  a  suspicion  that  these  numbers  are 
relatively  too  great   The  Palatine  Meteorological  Society,  which 
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Number  of  Auroras  observed  on  different  years. 
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embraced  a  large  number  of  zealous  observers,  was  organized  in 
1780  and  contmued  to  publish  an  annual  volume  of  observa- 
tions till  1792.  During  this  period,  auroras  were  made  a  special 
subject  for  observation,  and  it  cannot  be  doubted  that  they  were 
recorded  with  more  fidelity  than  for  most  of  the  preceding  and 
following  years.    I  have  therefore  reduced  the  European  ob- 
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servations  during  this  interval  by.one-hal^  and  have  combined 
this  result  with  the  New  England  observations  in  completing 
the  numbers  in  the  last  two  columna 

The  Boston  observations  published  by  Prof  Lovering  in  the 
Memoirs  of  the  American  Academy,  vol  ix,  p.  101,  and  copied 
in  the  Smithsonian  Report  for  1865,  p.  227,  extend  only  to  1848. 
In  order  to  obtain  a  continuation  of  this  series  to  the  present 
time,  I  have  carefiiUy  consulted  the  Meteorological  Journal  kept 
at  Cambridge  (Mass.)  Observatory,  and  have  obtained  the  fol- 
lowing results  : 

Number  of  Awroraa  recorded  each  year  at  (he  Cambridge  Observatory. 
Year.       No.        Tear.      No.        Year.      No         Year.      No.      Year.       No. 


1841 

21 

1847 

9 

1853 

27 

1859 

16 

1866 

1 

1842 

11 

1848 

17 

1854 

26 

1860 

12 

1866 

0 

1843 

4 

1849 

4 

1856 

12 

1861 

6 

1867 

20 

1844 

6 

I860 

16 

1856 

8 

1862 

0 

1868 

6. 

1846 

1 

1851 

17 

1857 

7 

1863 

1 

1869 

28 

1846 

16 

1852 

44 

1868 

30 

1864 

1 

When  auroras  were  recorded  at  New  Haven  which  were  not 
recorded  at  Cambridge,  I  have  added  them  to  the  precedinff  num- 
bers, and  the  result  is  given  in  column  third  of  the  table  on 
page  163.  In  the  years  1860,  I  and  2,  no  record  of  auroras  was 
preserved  at  New  Haven,  and  to  supply  this  omission  I  have 
inserted  for  these  years  the  observations  made  at  Middletown, 
Conn.,  by  Prof  John  Johnston.  The  European  observations 
published  in  the  Vierteljahrsschrift  close  with  1861.  I  have 
continued  the  table  to  the  present  time  by  means  of  the  obser- 
vations published  each  year  in  Heis  Wochenschrift,  confining 
myself  to  such  observations  as  were  reported  south  of  lat  56  . 

The  numbers  given  in  column  fifth  nave  been  projected  in  a 
curve  represented  at  the  top  of  the  accompanying  Plate.  This 
curve  shows  an  unmistakable  resemblance  to  the  curve  of  the 
solar  spots,  and  to  that  of  the  magnetic  declination.  To  each 
maximum  of  the  two  latter  curves  there  corresponds  a  max- 
imum of  the  auroral  curve,  not  always  simultaneously,  but  not 
differing  fi^om  it  more  than  a  single  year  except  in  one  or  two 
instancea  The  following  table  shows  the  aepartures  of  the 
auroral  maxima  firom  the  maxima  of  the  solar  spots. 


Date. 

1760 
1761 
1769 
1778 


Diff. 

—1  year. 

0    " 

+1    " 
0 


Date. 

1787 

1804 

1816-6 

1830 


Diflf. 

0  year. 

0  " 
4-1-6  " 
~1      " 


Date. 
1837 
1848 
1860 


Diff. 
4-3  years. 
-1    " 
-1    *• 


The  correspondence  in  the  times  of  minimum  is  still  more 
remarkable  as  is  shown  in  the  following  tabla 


Date. 

1744 

1766-6 

1766 

1776 


Diff. 

+ 1  year. 

+  1-6  * 
0  »* 
0     " 


Date. 

1784 

1798-6 

1810 

1823 


Diff. 

0 

unc^n. 

0 

0 


Date. 
1838 
1843 
1866 
1867 


Diff 

0 
0 
0 


Digitized  by  VjOOQ  IC 


E.  Loomia  on  SoU»r  SpotSj  Magnetic  Dedinaiior^  etc      166 

There  are  only  two  instances  in  which  there  is  any  discrep- 
ancj  in  the  times  of  minima.  In  one  of  them  (1744)  the  obser- 
vations of  the  solar  spots  are  confessedly  very  uncertain,  and  in 
the  other  (1755)  the  chance  in  the  number  of  observed  auroras 
from  1755  to  1757  was  omy  three^  so  that  we  seem  authorized  to 
assert  that  there  is  an  invariable  coincidence  in  the  times  of 
minima  of  the  solar  spots  and  of  auroral  displays. 

The  range  of  the  maxima  and  minima  of  auroral  displavs  is 
considerably  greater  than  that  of  the  solar  spots,  and  the  obser- 
vations of  magnetic  declination  seem  to  indicate  a  similar  pecu- 
liarity. There  seems  then  to  be  no  room  for  doubt  that  auro- 
ral displays  exhibit  the  ten  yearly  period  of  solar  spots,  but  the 
range  of  the  changes  on  different  years  is  subject  to  influences 
which  may  be  independent  of  the  sun. 

In  order  to  decide  whether  this  periodicity  is  exhibited  in  the 
higher  latitudes,  I  have  selected  all  those  observations  with 
which  I  am  acquainted  which  show  more  than  a  hundred  au- 
roras in  a  year.     The  following  is  the  table. 

Data.    I  PtM6. 

1820-1  Cumberland  House, 
1820-1  iFort  Bnterprifle, 
1833-5  Great  Slave  Lake. 
1838-9  JBossekop, 
1848-9;Fort  Confidence, 


1860-1 
1860-1 


Moose  Factory, 
Athabasca  Lake, 


Lat. 

Long. 

Knmb. 
AororM. 

53'  66' 

102*  16' 

142 

64  28 

118   6 

142 

62  46 

109  ^1 

106 

69  68 

23  34E 

143 

66  64 

118  49 

122 

61  10 

81   0 

141 

68  43 

111  18 

109 

n    21 

166  16 

131 

Anthorltj. 

Force  (Smith.  Cont),  p.  6. 
Force  (Smith.  Cont),  p.  24-86. 
OaptBack. 

Voyage  en  Soandinavie. 
Athabasca  obs.  p.  324-360. 
Am.  Jour.  ScL,  [2],  ziv,  166. 
Am.  Jour.  Sd.,  [2 J,  xir,  166. 
PhU.  Trans.  1867,  p.  497. 


1862-3  Point  Barrow, 

These  places  are  all  situated  within  the  zone  of  greatest  au- 
roral frequency,  Am.  Jour.,  voL  xxx,  p.  89.  The  observations 
of  1820-1  and  188S-5  were  made  near  the  time  when  the  distur- 
bsaice  of  the  sun's  surface  was  a  minimum  ;  while  those  of 
1848-9  were  made  when  the  disturbance  of  the  sun's  surfiwje 
was  a  maximum ;  and  those  of  1888-9,  and  1850-1  were  made 
when  the  disturbance  was  greater  than  the  averaga  The 
average  number  of  auroras  recorded  at  the  first  two  dates 
is  nearly  the  same  as  at  the  last  three  datea  So  fetr  as 
any  conclusion  is  warranted  from  so  limited  a  number  of  ob- 
B^rations,  the  inference  is  that  within  the  zone  of  greatest 
auroral  frequency,  the  number  of  auroras  is  about  the  same  for 
all  years,  independent  of  the  disturbed  condition  of  the  sun's 
sur&ca  It  is  presumed  that  there  must  be  a  periodical  change 
in  the  brilliancy  of  the  auroral  displays,  but  the  observations  are 
not  sufficiently  numerous  and  precise  to  justify  us  in  pronoun- 
cing positively  upon  this  point  As  we  recede  from  the  zone 
of  greatest  auroral  frequency,  the  influence  of  the  sun  is  shown 
in  a  periodical  change  m  the  number  of  auroras ;  and  this  pe- 
riodicity in  Europe  appears  to  be  the  most  distinctlv  marked 
near  the  parallel  of  50  latitude ;  and  in  New  England  near  the 
parallel  of  42""  latitude. 
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It  will  be  observed  that  the  change  from  a  maximnm  to  a 
ihinimuni  of  the  solar  spots  is  not  uniform,  and  frequently  the 
inequality  is  so  marked  as  to  assume  the  form  of  a  distinct  sec- 
ondary maximum.  Such  maxima  occurred  in  1774,  1792, 
1794  (if  this  is  not  to  be  regarded  as  a  prinwuy  maximum)  and 
1864 ;  and  in  several  other  cases  the  inecjualitjr  in  the  progress 
from  a  maximum  to  the  succeeding  minimum  is  decided.  The 
mean  daily  range  of  the  magnetic  declination  exhibits  also  sec- 
ondary maxima,  and  generally  the  small  inequalities  in  the 
curve  of  magnetic  declination  bear  some  correspondence  to 
the  small  inequalities  in  the  curve  of  the  solar  spota  The  au- 
roral curve  shows  still  greater  irregularities,  and  it  is  remarkable 
that  an  irregularity  in  the  auroral  curve  often  has  a  decided 
corresponding  irregularity  in  one  of  the  other  two  curves. 
Thus  DOth  the  auroral  and  sun-spot  curves  show  a  decided 
maximum  in  1774 ;  also  in  passing  from  the  maximimi  of  1778 
to  the  following  minimum  the  undulations  of  the  three  curves 
bear  a  marked  resemblance ;  in  the  descent  from  the  maximum 
of  1787,  there  is  a  secondary  maximum  of  the  magnetic  curve 
corresponding  to  that  of  the  solar-spot  curve ,  in  the  descent 
from  the  maximum  of  1848  there  are  corresponding  undu- 
lations of  the  sun-spot  curve  and  the  magnetic  curve,  while 
the  auroral  curve  shows  at  the  same  time  a  well-marked  sec- 
ondary maximum ;  and  nearly  the  same  remark  is  applicable 
to  the  descent  from  the  principal  maximum  of  1860. 

The  following  conclusions  are  thought  to  be  warranted  by 
the  preceding  observationa 

1.  Within  the  zone  of  greatest  auroral  frecjuency,  auroras  are 
of  almost  daily  occurrence  in  all  years,  and  it  is  doubtftil  whether 
in  this  region  there  is  any  decided  periodicity  in  the  number  of 
auroral  displays,  although  there  may  be  periodical  changes  of 
brilliancy. 

2.  At  places  where  the  average  number  of  auroras  is  about 
20  or  25  annually,  the  ten-yearly  period  of  the  solar  spots  can 
be  distinctly  traced. 

8.  The  times  of  maximum  and  minimum  of  the  solar  spots 
correspond  in  a  remarkable  manner  with  the  times  of  maximum 
and  minimum  in  the  frequency  of  auroral  displays  in  the  mid- 
dle latitudes. 

4  The  successive  maxima  of  auroral  displays  are  more  vari- 
able than  those  of  the  solar  spots,  so  that  the  ten-yearly  pe- 
riod mi^ht  be  easily  overlooked,  and,  it  might  be  inferred  that 
the  maxima  only  occurred  at  intervals  of  about  60  yeara 

6.  The  most  remarkable  irr^ularities  in  the  auroral  curve 
in  the  progress  from  a  maximum  to  a  minimum,  correspond  to 
similar  though  generally  smaller  inequalities  in  the  curve  of  so- 
lar spots  or  of  magnetic  declination. 
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Magnetic  storms  compared  with  the  prevalence  of  solar  spots. 

Since  the  mean  daily  range  of  the  magnetic  needle  is  great- 
est on  those  years  in  which  the  sun's  surface  is  most  disturbed, 
we  coidd  not  be  surprised  if  the  range  of  the  magnetic  needle 
should  prove  to  be  the  greatest  on  those  days  on  which  the  so- 
lar spots  are  most  extensive.  In  order  to  test  this  question,  I 
have  compared  the  extent  of  the  solar  spots  for  6  days  preced- 
ing and  6  days  following  each  of  the  great  magnetic  disturban- 
ces at  Greenwich  for  a  period  of  28  years.  In  the  Greenwich 
observations  for  1862  is  riven  an  abstract  of  the  ma^etic  ob- 
servations on  177  days  of  great  magnetic  disturbance  &om  1841 
to  1857 ;  and  in  the  observations  for  1867  are  enumerated  the 
days  of  great  magnetic  disturbance  firom  1858  to  1863,  amount- 
ing in  number  to  45.  These  23  years  fiimish  222  days  of  great 
disturbance,  and  I  have  compared  Wolfs  numbers  represent- 
ing the  extent  of  the  solar  spots  near  the  time  of  these  dates. 
Having  prepared  a  table  with  18  vertical  columns,  I  insert  in 
the  midole  column.  Wolfs  relative  number  for  one  of  the  days 
of  great  magnetic  disturbance,  and  I  also  insert  in  their  appro- 
priate columns  the  relative  numbers  for  the  6  preceding  and  6 
following  days.  In  this  manner  I  have  treated  all  the  days  of 
great  magnetic  disturbance  at  Greenwich,  with  the  exception  of 
those  cases  in  which  very  few  observations  of  the  solar  spots 
were  made,  and  a  few  cases  in  which  there  were  two  or  three 
successive  days  of  great  magnetic  disturbance,  in  which  cases  I 
have  generally  selected  the  day  of  greatest  disturbance  and 
made  but  one  entry  of  that  period  in  the  tabla  The  cases  of 
disturbance  which  I  have  thus  employed  amount  to  185.  The 
following  table  (see  page  168)  exhibits  these  cases  for  ten  years 
from  1848  to  1857,  and  at  the  bottom  of  the  table  are  given  the 
averages  of  these  numbers  for  each  of  the  18  columns;  and  in 
another  line  are  given  the  corresponding  averages  for  the  whole 
number  of  185  cases  of  magnetic  disturbance. 

The  details  for  the  remaining  74  days  of  observation  are 
omitted  in  order  to  avoid  incumbering  the  pages  of  this  Jour- 
nal The  resulting  averages  for  the  185  cases  are  represented  by 
the  lower  curve  Ime  in  the  figure,  page  169,  where  tiie  middfe 
vertical  line  represents  the  day  of  a  magnetic  storm  at  Green- 
wich, and  the  other  vertical  lines  represent  1,  2,  8,  etc,  days 
befitre  the  storm,  and  also  1,  2,  8,  eta,  days  ajisr  the  storm.  The 
horizontal  lines  indicate  the  amount  of  disturbance  of  the  sun's 
surfEM^e  as  measured  by  Wolfs  relative  numbers  extending 
from  45  to  58.  From  this  curve  it  will  be  seen  that  the  dis- 
turbances of  the  sun's  surfigtce  about  the  time  of  a  magnetic 
storm,  bear  an  analogy  to  the  waves  in  our  own  atmosphere 
about  the  period  of  a  violent  winter  storm.    We  find  a  well- 
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Spotted  surface  of  the  sun  near  the  time  of  a  magnetic  storm. 


D«7*  befor«  the  •ioroL 

new) 

Dftyi  after  the  etorm. 

< 

6 

4 

$ 

8 

1 

Storm 

1 

3   8 

4 

6 

< 

1848.  Jan.  28, 

100 

133 

147 

161 

135 

127  105 

90 

107 

Feb.  21, 

lie 

90 

70 

20 

103 

60 

106 

60 

60 

March  17, 

80 

106 

76 

101 

60 

113 

101 

76 

96 

93 

79 

78 

May  18, 

60 

',    91 

96 

90 

54 

113 

99 

85 

72 

88 

68 

July  11, 

93 

106 

112 

160 

9S 

122 

170 

132 

126 

70 

60 

77 

60 

Oct  23, 

160 

70 

70 

142 

94 

60 

90 

40 

74 

88 

Nov.  17, 

20 

79 

136 

163 

166 

80 

60 

60 

70 

64 

Dec.  17, 

129 

141 

133 

133 

100 

106 

142 

100 

135 

126 

90 

170 

1849.  Oct  30, 

68 

44 

34 

61 

118 

66 

66 

111 

40 

71 

1860.  Feb.  22, 

68 

73 

80 

122 

164 

66 

115 

64 

60 

66 

78 

76 

69 

March  31, 

67 

23 

69 

39 

67 

37 

39 

27 

27 

37 

0 

24 

0 

May  7, 

26 

86 

14 

36 

60 

22 

80 

46 

60 

74 

101 

66 

92 

June  13, 

46 

16 

132 

133 

147 

129 

67 

61 

34 

60 

48 

66 

80 

Oct  2, 

26 

46 

46 

35 

66 

40 

34 

39 

69 

40 

22 

1861.  Jan.  19, 

68 

87 

27 

57 

20 

20 

62 

46 

23 

37 

13 

11 

Feb.  18, 

79 

78 

46 

108 

73 

105 

78 

101 

106 

47 

122 

116 

86 

Sept  4, 

36 

46 

38 

102 

40 

24 

103 

66 

35 

46 

69 

70 

62 

Oct  28. 

101 

94 

63 

82 

36 

60 

54 

40 

20 

37 

48 

22 

Dec  6, 

79 

87 

81 

46 

47 

38 

26 

13 

38 

36 

63 

41 

Dec.  28, 

76 

60 

30 

10 

71 

23 

96 

94 

47 

117 

82 

82 

69 

1862.  Jan.  4, 

94 

47 

117 

82 

82 

69 

62 

70 

61 

83 

6 

60 

66 

Jan.  19, 

6 

7 

60 

40 

6 

96 

127 

106 

14 

74 

76 

Feb.  16, 

2 

48 

77 

77 

144 

62 

16 

16 

101 

10 

Feb.  20, 

77 

144 

62 

16 

16 

101 

10 

6 

77 

64 

46 

16 

April  20, 

62 

64 

34 

63 

61 

38 

47 

49 

28 

16 

18 

60 

60 

May  20, 

38 

46 

36 

37 

11 

11 

29 

28 

31 

42 

67 

64 

59 

June  11, 

67 

66 

66 

44 

1 

0 

11 

30 

28 

4 

4 

30 

24 

June  16, 

0 

11 

30 

28 

4 

4 

30 

24 

25 

22 

83 

48 

26 

July  10, 

61 

66 

66 

70 

11 

66 

61 

34 

24 

0 

26 

0 

Nov.  11, 

48 

10 

106 

14 

81 

81 

78 

61 

11 

47 

34 

11 

80 

1863.  Jan.  10, 

26 

39 

29 

27 

11 

11 

23 

12 

12 

11 

24 

36 

March  7, 

16 

17 

16 

12 

0 

0 

11 

14 

11 

11 

22 

23 

May  3, 

26 

0 

11 

14 

41 

27 

31 

26 

21 

16 

14 

22 

13 

May  24, 

30 

36 

47 

48 

71 

46 

20 

49 

69 

64 

23 

29 

10 

June  22, 

66 

26 

67 

66 

66 

61 

11 

20 

11 

11 

11 

11 

11 

July  12, 

36 

46 

48 

76 

69 

47 

48 

71 

36 

63 

79 

49 

47 

Sept  1, 

63 

67 

33 

33 

37 

66 

67 

44 

68 

66 

23 

34 

Oct  26, 

48 

49 

50 

46 

30 

44 

44 

40 

32 

26 

36 

26 

Nov.  9, 

26 

26 

26 

22 

22 

34 

36 

26 

23 

Dec.  6, 

13 

11 

12 

17 

17 

14 

17 

17 

29 

36 

18 

Dec.  21, 

32 

20 

31 

22 

11 

11 

14 

13 

1864.  Jan.  8, 

19 

27 

10 

17 

10 

26 

26 

0 

17 

19 

19 

17 

18 

Jan.  20, 

13 

14 

16 

17 

17 

16 

14 

11 

0 

0 

0 

0 

0 

Feb.  16, 

26 

29 

36 

28 

17 

10 

22 

26 

17 

17 

11 

0 

0 

Feb.  24, 

17 

17 

11 

0 

0 

12 

0 

0 

0 

0 

12 

12 

March  6, 

0 

12 

12 

0 

0 

0 

0 

0 

0 

11 

34 

46 

44 

March  16, 

11 

34 

46 

44 

39 

33 

33 

28 

26 

27 

S3 

33 

2T 

March  28, 

26 

11 

13 

11 

29 

22 

86 

11 

0 

11 

12 

12 

86 

AprU  10, 

37 

38 

49 

49 

66 

64 

64 

66 

66 

36 

36 

14 

12 

April  23, 

12 

18 

24 

22 

26 

12 

11 

11 

0 

0 

0 

•0 

May  26, 

13 

11 

11 

13 

13 

11 

0 

0 

0 

0 

0 

0 

14 

1866.  Marohl2, 

29 

12 

38 

23 

11 

16 

12 

11 

14 

11 

0 

11 

0 

April  4, 

12 

16 

17 

17 

12 

0 

11 

18 

0 

0 

Oct  18, 

16 

12 

0 

0 

0 

0 

0 

12 

17 

11 

12 

13 

11 

1867.  March  13, 

0 

0 

0 

11 

13 

12 

0 

11 

11 
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marked  maximum  on  the  day  of  the  magnetic  storm ;  a  second 
maximum  four  days  before  the  storm,  which  is  also  pretty  dis- 


^1 


Solar  Sp 

,    &     ft     8 

otR.                                         Solar  Spot*. 

8     ST     8     S      88     2      8     8     8 

I           ^-I- 

s** 

=  -- ~^                      ^^ 

1* 

.           /      ,           ..      „,           ....    , 

/                         ^^ 

-                                        ^-     % 

i^                      kM  hd^FT 

r^ 

|~^=^^        - 

_     .,       ,„._                „,.,    \.              .  ,  .,       , 

P*^""" 

-  -            -C 

Kt   —  - 

^~~. 

x 

t 


tinctly  marked ;  and  a  third  maximum,  more  uncertain,  three 
days  after  the  storm.  The  entire  fluctuation  within  a  period  of 
two  days  is  fix)m  451  to  57  "9,  or  28  per  cent  of  the  smaller 
quantity,  an  effect  which  is  so  large  and  derived  from  a  com- 
parison of  so  many  cases  as  to  indicate  a  law  of  nature.  Hence 
we  seem  authorized  to  conclude 

1.  Great  disturbances  of  the  earth  s  magnetism  are  accompa- 
nied by  unusual  disturbances  of  the  sun^  surface  on  the  veiy 
day  of  the  magnetic  storm ;  and  are,  therefore,  due  to  some  in- 
fluence which  emanates  immediately  from  the  sun. 

2.  The  great  disturbance  of  the  sun*s  surface  which  accom- 
panies a  terrestrial  magnetic  storm,  is  generally  heralded  by  a 
smaller  disturbance  thr^  or  four  days  previous,  succeeded  by  a 
comparative  calm  which  immediately  precedes  the  magnetic 
storm. 

Aurcral  displays  aaid  Solar  spots  compared. 

Since  the  average  disturbance  of  the  sun's  surface  is  greatest 
on  those  years  in  which  auroras  are  most  prevalent,  we  could 
not  be  surprised  if  the  disturbance  of  the  sun's  surface  should 
prove  to  be  the  greatest  on  those  days  on  which  auroras  prevail 
m  the  middle  latitudes.  In  order  to  test  this  question,  I  have 
proceeded  in  the  same  manner  as  in  the  case  of  magnetic  storms ; 
and  in  order  to  avoid  the  suspicion  of  having  selected  a  few 
cases  for  the  purpose  of  confirming  a  preconceived  theoiy,  I 
have  taken  the  entire  series  of  observations  made  bv  Messra 
Herrick  and  Bradlev  at  New  Haven,  from  1887  to  1854.  These 
observations  are  514  in  number,  and  I  have  employed  them  b31 
with  the  following  exceptions : 

Am.  Joub.  Sci.— Ssoohd  Skbibs,  Vol.  L,  No*  149.^8bft.,  187(1 
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Spotted  Bxtrfojce  of  the  Sun  near  the  time  of  an  Auroral  disptay. 


Dtyi  before  the  Awonu 
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Dea  26, 
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1.  Those  cases  in  which  the  observers  were  not  entirely  con- 
fident that  there  was  any  auroral  display. 

2.  Those  cases  in  which  the  corresponding  observations  of 
the  solar  spots  were  very  incomplete ;  and 

3.  Those  cases  in  which  auroras  were  observed  on  two  or 
three  successive  days,  when  I  have  generally  selected  the  most 
remarkable  aurora,  and  made  but  one  entry  for  that  period. 

The  number  of  auroras  which  I  have  thus  discussed  is  251. 
In  order  to  famish  a  specimen  of  these  numbers,  the  table  on 
page  170  is  given,  in  which  the  arrangement  is  the  same  as  in 
the  table  on  page  168.  At  the  bottom  of  the  table  are  given 
the  averages  of  these  numbers  for  each  of  the  13  columns ;  and 
in  another  line  are  given  the  corresponding  averages  for  the 
whole  number  of  251  auroraa 

These  final  averages  are  represented  by  the  upper  curve  line 
in  the  figure  page  169,  from  which  it  wdl  be  seen  that  there  is 
a  well-markea  maximum  of  solar  disturbance  corresponding  to 
the  date  of  an  auroral  display.  The  small  fluctuations  during 
the  preceding  and  following  days,  bear  some  resemblance  to  the 
fluctuations  attending  magnetic  storms,  but  they  are  so  small  in 
amount  that  no  importance  is  attached  to  them.  The  entire 
fluctuation  within  6  days  extends  from  50*3  to  60*5,  or  20  per 
cent  of  the  whole  quantity ;  a  number  so  large  and  derived 
from  so  many  cases  that  it  is  thought  to  indicate  a  law  of  na- 
ture.    Hence  we  conclude  that 

Auroral  displays  in  the  middle  latitudes  of  America  are  gen- 
erally accompanied  by  an  unusual  disturbance  of  the  sun's  sur- 
face on  the  very  day  of  the  aurora,  and  are,  therefore,  subject 
to  some  influence  which  emanates  immediately  from  the  sun. 

These  conclusions  may  be  modified  by  a  comparison  of  a 
longer  series  of  observations,  and  especially  by  more  accurate 
observations  which  furnish  for  each  aay  an  exact  measurement 
of  the  extent  of  the  sun's  spotted  surface.  Such  observations 
have  been  made  for  several  years  at  the  Kew  observatory,  and 
it  is  hoped  that  when  published  they  will  furnish  the  materials 
for  the  desired  comparison.  The  observations  for  1862  and 
1863  have  already  appeared  in  the  Philosophical  Transactions 
for  1869,  pp.  23-44;  and  it  is  expected  that  the  observations 
for  the  subsequent  years  will  soon  follow. 
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Art.  XVLL — On  a  new  Period  in  Chronology^  called  the  Precession 
Period;  by  J.  W.  French.    (In  a  letter  to  the  Editors.) 

I  PROPOSE  in  the  place  of  the  Julian  Period  in  chronology, 
another  which  I  will  call  the  Preeession-PerioA 

This  latter  wUl  be  found  to  have  all  the  advantages  of  the 
other  without  its  defects,  and  beyond  these  comparative  utilities, 
to  have  chronological  uses  of  its  own  which  are  great  and  vari- 
ous, both  for  the  subdivisions  of  history,  and  for  the  vaat  cycles 
contemplated  by  scienca 

The  Julian  reriod  in  chronology  consists  of  7,980  Julian 
years,  that  number  beinf  formed  by  the  continual  multiplica- 
tion of  28, 19  and  15 ;  that  is  to  say,  of  the  cycle  of  the  sun,  the 
cycle  of  the  moon,  and  the  cycle  of  indiction.  The  first  year 
of  the  Christian  Era  is  made  the  4,714th  of  the  Julian  Period. 
By  such  an  arrangement  we  can  find  for  any  year  its  golden 
number,  its  number  for  the  solar  cj^cle,  and  tnat  for  its  Koman 
Indiction.  Also,  we  have  a  fixed  period  reaching  back  in  history 
among  the  local  and  broken  cycles  of  different  peoples  and 
countries.  These  certainly  are  great  advantages,  and  have  se- 
cured for  that  Period  acceptance  and  commenc&tion. 

But  some  of  its  defects  are  these.  L  It  has  an  artificial  de- 
ment, that  of  the  Boman  Indiction,  instead  of  having  its  found- 
ation whoDy  in  astronomy.  2.  It  is  soon  exhausted,  and  in 
the  past,  it  aoes  not  reach  far  enough  even  for  the  Septuagint 
Chronology  in  history.  8.  It  Aimishes  no  unit  nor  cycle  for 
science. 

The  period  which  I  propose  is  founded  wholly  on  astronomy, 
is  exhaustless  by  being  recurrent,  has  its  initial  point  sufficient- 
ly fer  back  for  any  conceivable  historical  purposes,  gives  to  sci- 
ence a  worthy  unit  for  the  vast  durations  it  contemplates,  and 
with  these  inestimable  advantt^es,  has  the  two  practical  utilities 
of  the  Julian  Period ; — that  of  giving  the  elements  needed  in 
the  almanac  for  every  year,  and  that  of  extending  into  the  past 
a  long  and  unaltering  standard  for  tima 

Ipropoee  to  iakcj  as  the  chronological  unit,  ffie  time  for  Ae  preceS' 
sion  of  the  equinoxes^  26,872  years.  By  a  singular  felicity,  that 
number  can  be  formed  from  the  fiwjtors  28,  84,  and  IL  Now, 
28  is  the  number  of  the  solar  cycle ;  84  is  a  lunar  cycle  em- 
ployed formerly  by  the  Jews,  and  having  peculiar  uses  in  esti- 
mating long  series  of  lunations.  The  ouier  number,  11,  is  a  lu- 
nar cycle  employed  by  the  early  Christians,  the  errors  of  which 
almost  exactly  counteract  those  of  the  cycle  of  84  years.  These 
three  multiplied  together  form  26,872.  A  suborainate  felicity 
will  at  once  be  seen  by  a  complete  mathematician.  Tlie  num- 
ber  26,872  can  be  divided  and  mbdivided  to  the  last,  without  a  re- 
mainder, by  a  large  number  of  divisors. 
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Making  the  years  Gregorian,  and  calling  the  initial  year  of 
the  Christian  Era,  0,  1  pujux  the  beginning  ^  the  Precession  Period 
at  12,698  B.  G. 

Instantly  we  have  by  that  arrangement,  the  advantages  which 
have  brought  the  Julian  Period  into  favor. 

We  can  find  the  solar  cycle,  the  golden  number,  the  Eoman 
Indiction  ^correctly  as  we  would  &om  the  Julian  Period)  by 
the  following  simple  rules : 

1.  To  express  any  year  before  or  after  Christ  in  the  corres- 

S indent  number  in  the  Precession-Period :  For  any  year  before 
hrist,  deduct  from  12,698,  the  figures  of  the  year  B.  C. :  For 
any  year  after  Christ,  add  to  the  same  number  (12,698)  the  fig- 
ures of  the  year  A.  D. 

Thus  752  B.  C.  (758  historical  reckoning)  is  11,941  P.  P.  The 
present  year  1870  A.  D.  is  1,870+12,693=14,568  P.  P.  (We 
use  P.  P.  as  abreviation  for  Precession-Period.) 

2.  To  find  the  Golden  Number,  Solar  Cycle,  and  Roman  In- 
diction for  anj  year  before  or  afler  Christ :  1.  Turn  the  ycM*  by 
the  first  rule  mto  the  correspondent  number  of  Precession  Pe- 
riod :  2.  Divide  that  number  by  19  for  the  golden  number,  by 
28  for  the  solar  cvcle,  and  by  15  for  the  Roman  Indiction.  In 
the  three  remainders  you  have  the  answer. 

Thus  the  present  year  1870  A.  D.,  is  14,568  P.  P.  Dividing 
this  latter  number  by  19,  I  find  a  remainder  of  9 ;  by  28,  a  re- 
mainder of  8 ;  and  by  15,  a  remainder  of  18.  Opening  the  Al- 
manac for  this  year,  I  find  the  answer  correct  It  gives  the 
Golden  Number  as  9,  the  Solar  Cycle  as  8,  the  Roman  Indiction 
as  18. 

The  Precession-Period  has  then  in  this  particular,  equal  util- 
ity with  the  Julian. 

The  other  advantage,  that  of  a  fixed  standard  of  time  ex- 
tending back  in  past  history,  it  possesses,  and  adds  the  great 
benefit  of  adequate  length  in  botn  directions,  to  12,693  B.  C, 
and  on  to  18,179  A.  D. ;  the  whole  forming  one  precession. 
And  this  precession  is  not  like  the  Julian  Period,  an  arbitrary 
straight  line  stretched  over  a  small  portion  of  duration.  It  is 
a  definite  circle  marked  on  the  face  of  the  heavens.  The  pre- 
cession begins  at  12,693  B.  C.  with  the  point  of  the  vernal  equinox 
in  the  Zodiac  near  Spica  Virgints,  a  brilliant  star,  forming  a  good 
point  of  departure.  When  the  whole  circle  of  the  Zodiac  is 
swept,  and  the  first  decree  of  celestial  longitude  is  again  by 
Spica  Virginis^  the  pericS  is  completed. 

Surely  it  is  better  to  adopt  such  a  period  for  our  almanacs 
and  histories  than  the  infenor  one  called  the  Julian. 

But  beyond  the  historical  and  chronological  uses  in  the  sub- 
divisions of  the  Precession-Period,  are  the  advantages  of  that 
period  as  a  unit  for  Astronomy  and  Geology.     We  want  a  unit 
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larger  tlian  the  year.  A  precession  is  a  good  one.  Instead  of 
cumbering  a  line  of  page  with  bewildering  cyphers  we  can  sa^ 
40,  100,  or  1,000  precessions.  Thus  40  precessions  (and  forty  is 
a  number  easily  remembered)  would,  by  another  felicity  of  this 
period,  make  a  million  of  years,  with  a  little  over.  We  might 
call  it  a  miUionade,  and  give  that  again  multiplications  to  form 
an  age.     An  "  age  "  might  be  400  precessions. 

Should  we  adopt  any  thing  like  this  plan,  we  should  have  the 
same  delightful  surprise  which  we  often  experience,  by  finding 
that  ancient  races  and  nations  have  been  along  the  same  path- 
way which  we  imagined  ourselves  to  be  for  the  first  time  break- 
ing and  exploring.  Six  days,  such  as  are  His,  who  in  His  times 
as  in  His  nature,  must  be  what  others  are  not ;  six  immense 

Eeriods  are  reckoned  in  the  Creative  work  not  only  in  Genesis, 
ut  in  Oriental  Recorda     Take  100  precessions.     Divide  them 
by  that  number,  six     You  have  the  veiy  periods  recognized  by 
the  Brahmins  of  India,  each  about  430,000  years. 
West  Point,  June  7,  1870. 


Art.  XVin.«— fTpon  the  Atomic  Volumes  of  Solid  Compounds; 
by  Frank  Wigglesworth  Clarke,  S.B. 

In  studying  the  atomic  volumes  of  solid  compounds,  the 
materials  at  my  command  have  been  in  some  respects  quite  co- 

f)ious,  and  in  others  quite  limited.  Having  been  unable,  through 
ack  of  opportunity,  to  make  any  new  determinations  of  spe- 
cific gravities,  I  have  been  forced  to  content  myself  with  the 
data  which  are  scattered  through  the  various  scientific  publica- 
tions. These,  apart  fi-om  the  views  expressed  in  nearly  a  hun- 
dred papers  written  by  various  chemists  upon  atomic  volumes, 
consistea  of  about  1,900  determinations  of  the  specific  gravities 
of  912  different  solids  of  definite  constitution,  exclusive  of  al- 
loys. Much  of  this  material  had  to  some  extent  been  already 
worked  over,  although  the  larger  part  of  it  had  never  been  ex- 
amined in  this  direction.  In  some  cases  there  are  data  covering 
a  whole  series  of  compounds,  in  others  only  one  or  two  mem- 
bers of  a  series  have  oeen  studied,  while  again,  for  many  im- 
portant substances  no  detenninations  of  specific  gravity  have 
ever  been  taken.  Again,  for  some  compounds  there  are  many 
determinations  by  different  authorities,  and  these  bodies  can  l>e 
studied  with  much  certainty ;  while  for  other  compounds  only 
single  observations  of  specific  gravity  have  been  made,  and 
these  often  with  no  pretence  to  ngid  accuracy. 

Here  then  at  the  very  outset  is  a  difficulty.     If  a  substance 
has  a  very  low  specific  gravity,  and  a  very  mgh  atomic  weight, 
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a  minute  error  in  the  determination  of  the  first  value  must,  in 
calculating  the  atomic  volume,  become  greatly  multiplied ;  so 
that  ap  single  experimental  observation  onlv,  may  often  lead  to 
wholly  erroneous  results  for  the  atomic  volume.  Thus,  for  in- 
stance, with  Melene,  C^^E^  an  error  of  only  0*04  in  the  specific 
gravity  will  alter  the  atomic  volume  about  24*00.  And  it  is  very 
common  to  find  the  determinations  of  specific  gravity  for  a  single 
compound  diflfering  more  than  0*04  And,  as  I  have  already 
stated,  many  of  the  specific  gravities  observed  have  never  had 
more  than  approximate  accuracy  claimed  for  them.  Hence,  one 
of  the  chief  oifBculties  in  comparing  atomic  volumes  lies  in  de- 
ciding how  great  variations  can  be  safely  ascribed  to  experimen- 
tal error.  For  this  purpose,  instead  of  directly  comparing  the  ac- 
tual atomic  volumes  with  the  results  of  theory,  I  have  preferred 
to  compare  the  specific  gravities  calculated  fi?om  the  latter  with 
those  really  determined  by  experiment  Evren  here  much  care 
is  needful,  since  errors  are  more  likely  to  occur  with  some  com- 
pounds than  with  others.  Thus,  there  is  much  more  danger 
of  error  in  determining  the  specific  gravity  of  anhydrous  mag- 
nesic  chlorid,  than  in  taking  that  of  baric  sulphate. 

Furthermore,  many  different  modes  of  taking  specific  gravity 
are  represented  by  the  values  fix)m  which  I  have  to  calculate. 
Some  compounds  have  been  examined  in  the  form  of  powder, 
and  others  have  been  crvstallized ;  some  have  been  studied  near 
their  melting  point,  and  others  distant  therefrom.  Neverthe- 
less, in  spite  of  all  these  possibilities  of  error  and  chances  of 
irr^ulanty,  certain  curious  series  of  relations  between  atomic 
volumes  are  easily  demonstrated ;  which,  taken  together,  hint 
strongly  at  a  rather  more  general  theory  of  atomic  volumes 
than  has  hitherto  been  enunciated. 

But,  to  begin  with,  we  need  a  brief  resum^  of  certain  points 
which  have  been  demonstrated  by  other  observers. 

First  comes  the  axiomatic  statement  of  Schroder  that  the 
atomic  volume  of  a  compound  must  equal  the  sum  of  the  ato- 
mic volumes  of  its  constituent  parta  This  at  once  suggests 
questions  of  interest  Although  many  compounds,  especially 
certain  sulphids,  selenids,  and  tellurids,  have  atomic  volumes 
equalling  tne  sums  of  those  of  the  Jree  elements  composing 
them,  many  other  compounds  have  values  lower  than  such  sums, 
thereby  indicating  condensation.  And  some  iodids  have  ato- 
mic volumes  greater  than  the  sums  of  those  of  the  metal  and 
the  iodina  So  here  arises  the  question, — when  a  compound 
possesses  a  greater  or  less  volume  than  the  elements  contained 
m  it  do  in  the  free  state,  do  those  elements  condense  or  expand 
in  equal  or  in  different  ratios  ?  It  is  really  upon  this  point  that 
the  study  of  atomic  volumes  hinges ;  so  that,  stripped  of  all 
metaphysical  notions  of  atoms  and  spheres  of  heat,  the  subject 
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simply  concerns  the  distribution  of  the  changes  of  volume  un- 
dergone by  the  various  elements  in  uniting  to  form  compounds. 

Second.  It  has  been  shown,  most  definitely  by  Schroder  and 
Kopp,  that,  in  many  cases,  when  from  the  atomic  volumes  of 
certain  series  of  salts,  oxyds,  &c.,  we  subtract  the  atomic  volumes 
of  the  respective  metals  contained  in  them,  we  obtain  constant 
remainders  which  may  be  regarded  as  representing  the  values  of 
the  various  radicals  and  of  oxygen.  Tnus,  if  fix)m  the  atomic 
volumes  of  one  class  of  oxyds  we  remove  the  values  of  the  metals, 
we  obtain  the  remainder  2*6.  With  other  oxyds  we  get  6*2,  and 
with  still  others,  10*4.  These  are  provisionally  regarded  as  the 
atomic  volumes  of  oxygen  in  its  solid  compounds.  These  dif- 
ferent values  for  a  single  element  are  of  course  natural  conse- 
quences of  the  fact  that  the  various  compounds  containing  it, 
undergo,  in  their  formation,  different  degrees  of  condensation 
from  the  free  elements  composing  them.  But,  in  assuming  these 
three  numbers  to  be  the  atomic  volumes  of  oxygen,  one  as- 
sumption is  made  which  is  by  no  means  allowable,  viz :  that 
the  metals  entering  into  these  compounds  undergo  no  conden- 
sation themselves,  all  the  change  in  volume  taking  place  in  the 
oxygen.  But,  some  oxyds  have  atomic  volumes  lower  than 
those  of  the  metals  contained  in  them.  And  yet  the  remarka- 
ble multiple  relation  between  the  three  values  quoted  above 
cannot  be  due  to  accident*  These  points  will  be  referred  to 
again. 

Third,  we  come  to  some  results  which  I  myself  published 
rather  more  than  a  year  ago.*  In  my  last  paper  upon  this  sub- 
ject I  pointed  out  some  curious  multiple  relations  connecting 
the  atomic  volumes  of  similar  solid  elements.  For  the  proofe 
of  these  relations  I  must  refer  to  the  above  mentioned  paper, 
but  the  values  for  the  elements  themselves  I  am  obliged  to  cite 
here  for  further  reference.  I  give  the  values  for  solids  only. 
Li  11-4,  Na  22-8,  K  45-6,  Rb  57-0.  These  stand  to  each  other 
as  1 :  2:4:5.     I  256,  Tl  17-2,  Ag  and  Au  10-2. 

Here  arises  an  interesting  question.  The  atomic  volumes  of 
Ag  and  Li  are  quite  near  together.  Btlt  the  specific  gravity  of 
lithium  was  determined  comparatively  near  the  melting  point  of 
that  metal,  while  that  of  silver  was  taken  at  a  temperature 
greatly  removed  from  the  degree  at  which  it  ftisea  Now  melted 
silver,  according  to  Playfair  and  Joule,  has  the  specific  gravity 
9*206 ;  and  consequently  an  atomic  volume  of  11*7,  nearly  that 
of  solid  lithium.  May  not  these  two  metals  then,  under  simi- 
lar circumstances,  and  at  strictly  comparable  temperatures,  be 
supposed  to  have  equal  atomic  volumes  ? 
0  2*6,  5*2,  10*4  S  10*4,  15*6.  Se  10*4,  15*6.(?)  Te  20& 
This  value  for  S  is  that  of  the  octahedral  variety,  prismatic 
*  This  Journal  for  March  and  May,  1869. 


Digitized  by  VjOOQ  IC 


F.  W.  (Sarke  on  Ae  Atomic  Volume  of  Compounds.     177 

sulphur  haTiuff  16'3— 16*7.     Amorphous  selenium  has  an  ato- 
mic volume  of  18*6. 

Sr,  84-3.     Ba,  34-2. 

Ca,  25-8.     Pb,  18-2. 

As  and  P  12-9,  Sb  17-2,  Bi  21  -5.  These  stand  as  8 : 4 : 5. 
This  value  for  P  is  that  of  the  so-called  "  metallic "  variety. 
Common  phosphorus  has  an  atomic  value  of  le'O— 17*0,  (per- 
haps 17*2,  like  Sb?)  and  the  ordinary  red  modification  13*9— 
14*5.  Amorphous  arsenic  has  the  value  IS^O.  Bo  41.  Van- 
adium in  my  last  paper  I  calculated  theoretically  from  the  ato- 
mic volume  of  one  of  its  oxyds,  making  it  equal  to  As  and 
P.  Since  then,  however,  this  idea  has  been  overthrown,  Ros- 
coe  having  determined  the  specific  gravity  of  the  metal  itself 
This,  5*5,  gives  an  atomic  volume  of  9*4,  which  differs  widely 
fix>m  my  supposititious  value,  and  bears  no  definite  relation 
which  I  can  see,  to  those  of  As  and  P. 

C  (graphite),  5-5,  Si  llO,  Ti  ll-O  (?),  Sn  16-5.  These  stand 
as  1:2:2:3.  C  (diamond)  34  Zr  21-7 (perhaps  22-0,  or 
5-5X4) 

Cr,  Mn,  Fe,  Co,  Ni,  U,*  and  Cu,    6-9  ^ 

Zn,  Pt,  Ir,  Os,  Pd,  Ru,  and  Bh,     9*2 

Mo  and  W,  11-5 

Cd,  Mg,  and  Hg,  (solid)  13*8  , 

Q\  43,t  Al  10-1-10-6,  Th  30-4-30-9,  Ce  16-7,  In  10-2. 

Before  proceeding  farther,  it  now  becomes  necessary  for  me 
to  allude  oriefly  to  some  regularities  in  atomic  volumes  which 
have  already  been  traced  by  others.  First,  the  alums  have  equal 
atomic  volumes.  To  the  evidence  which  has  been  cited  by 
other  investigators  in  proof  of  this,  may  now  be  added  the  ato- 
mic volumes  of  rubiaium  and  caesium  alums,  whose  specific 
gravities,  taken  by  Redtenbacher,  show  that  they  follow  the 
regular  rule.  Second,  a  number  of  similar  carbonates,  especial- 
ly those  of  Zn,  Mff,  Fe,  and  Mn,  have  e<jual  atomic  voiumea 
Third,  a  similar  relation  connects  the  vitriols  with  7  aq.  This 
series  is  especially  important,  since  it  contains  the  sulpnates  of 
Fe,  Ni,  Co,  Mg,  Zn,  and  Cd.  Fourth,  the  oxyds  alliea  to  Qtih- 
nite,  with  the  general  formula  MO,  MjOs,  are,  with  one  or  two 
exceptions,  equal  in  atomic  volume.  Fifth,  many  correspond- 
ing phosphates  and  arsenates  have  equal  values.  Other  series 
have  been  traced  here  and  there,  but  these  are  perhaps  the  most 
striking. 

Now,  in  the  first  place,  we  may  lay  it  down  as  a  general  rule 
that  when  two  similar  elements  have  equal  atomic  volumes,  the 

♦  Possibly  this  mnj  not  belong  in  this  group,  but  its  equal  atomic  volume  be 
merek  a  coincidence.    The  values  of  some  of  its  compounds  suggest  this  idea. 

f  Calculated  from  the  lower  atomic  weight  for  GL  In  my  last  paper  I  U8ed  the 
higher. 


These  four  values  stand 
afi3:4:5:6. 
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atomic  volumes  of  their  correspondiug  compounds  viU  also  be 
equal  Of  the  truth  of  this  I  will  cite  a  few  examples,  and 
point  out  some  exceptions.  For  want  of  space  I  cannot  adduce 
all  the  cases  I  have  accumulated,  however,  but  will  merely  at- 
tempt to  illustrate  the  principle,  and  afterwards  bring  the  excep- 
tions under  another  rule. 

Barium  and  strontium,  Sr  Clj,  sp.  gr.  2*8033,  Karsten.  Ba  Clt, 
8-704,  Karsten.  At  vols.,  56-5  and  56-2. 
Sria  4415,  Bodeker.  Balg  4-917,  FilhoL  At  vols.,  77-8  and 
79-5.  Sr  Hj.02,  8  aq.,  1-396  Filhol,  Ba  ffK3a,  8  aq.,  1-656, 
FilhoL  At  vols.,  each  190-2. 
The  sulphates  and  nitrates,  bromids,  carbonates,  and  simple 
hydrates,  are  either  doubtful  or  exceptions.  In  all  these 
cases  the  compounds  of  Ba  have  the  highest  values. 

Iron  group.  Here  examples  are  so  abundant  that  I  will  only 
mention  a  few.  MnO  sp.  gr.,  5-38,  P.  &  J.*  NiO  5*597,  P. 
&J.  CoO  5-597-5-750,  P.  &  J.  UO 10-15,  Ebelmen.  CuO 
6-130,  Boullay.  At  vols.,  respectively,  13-0,  13*4,  13-0- 
13-4,  18-4,  12-9. 
OaOs  4-950,  P.  &  J.  FeaO,  4-679-5-135,  P.  &  J.  Ni  0, 
4-814,  P.  &  J.  CojOs  4-814,  P.  &  J.  At  vols.,  30-7,  31-1 
-34-2,  34-4,  34-4.  Mispickel,  FeSj,  FeAsg  60-6-4  Gers- 
dorffite,  NiSa,  NiAsg  5-6-6-9.  Cobaltite,  CoSa,  CoAsj, 
6-0-6-3.  At  vols.,  50-9-54-3,  48-1-59-2,  52-6-55-3. 
FeS  5-035,  P.  &  J. :  NiS  5-650,  Rammelsberg;  4-601  Kenn- 
gott  CoS5-45.  At  vols.,  17-5, 16-1-19  7, 16-7.  Exceptions, 
MnS  and  CuS,  having  sp.  grs.  3*95,  Dana's  Min.,  and  4*163, 
Karsten ;  and  at  vola,  21-8  and  22*9.  It  is  worth  noting 
that  these  two  sulphids  stand  at  the  ends  of  the  series ; 
CrS  and  US,  being  (if  they  exist),  wholly  unstudied  in  this 
direction. 
One  more  striking  exception  may  be  found  by  comparing 
FeS2,  MnS2,  and  CoSj,  whose  atomic  volumes  are  very  dis- 
similar. 

Platinum  group.      2KC1,   PtCl4;    and  2KC1,  IrCU     Sp.  grs. 
Bodeker,  3*586  and  3*546.     At  vola,  136*2  and  137*9. 
PdPj  and  PtP^  have  unequal  values. 

Molybdenum  and  tungsten.  It  has  been  proved  by  other  author- 
ities that  MoOs  and  WO,  have  equal  atomic  volumes. 

Cadmium  group.  CdO  6*9502,  Karsten.  HgO  11*344,  P.  &  J. 
At  vols.,  18*4  and  19*0.  M^O  has  an  exceptional  value 
which  will  be  studied  in  anomer  connection. 

Phosphorus  and  arsenic  CusP  6-69,  Hvoslef  CujAs  7*62,  GrentL 
At  vols.,  33*6  and  34*9. 

P3O5  2*387,  Brisson.     AsjOj  4*25  Filhol ;  3*7342,  Karsten. 
At  vols.,  59-5  and  54*1-61*6. 

♦  Playfair  and  Joule.  This  is  the  only  abbreviation  of  the  sort  which  I  shall 
have  occai^ion  to  employ.  When  I  give  no  authority  for  a  specific  gravity,  it  will 
be  found  in  "  Dana^s  Mineralogy,**  last  edition. 
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Phospliates  and  arsenates  have  been  compared  by  others, 
Where  their  values  differ,  that  of  the  arsenate  is  the  highest 
Silicon  and  titanium.  The  acids  of  this  group  will  be  cited  far- 
ther alon^.  Fayalite,  2FeO  SiOa  4-006.  2FeO  TiOa  4-370 
Hautefeuille.    At  vola,  50*9  and  51*7. 

The  only  definite  exception  is  found  in  comparing  2KF  SiF4 ; 
sp.  gr.  2-6662,  Stolba;  and  2KF  TiF4,  2  080,  Bodeker.  At 
vols.,  82-6  and  116-3. 

These  examples  will  suffice  for  the  present,  although  I  shall 
have  occasion  to  cite  others  to  illustrate  another  point  Upon 
comparing  all  the  material  which  I  have  collected,  I  find  the 
exceptions  to  be  quite  rare,  although,  perhaps,  I  have  given 
them  undue  prominence  here. 

Second,  similar  compounds  of  similar  metals  often  have 
equal  atomic  volumes,  even  when  those  of  the  metals  them- 
selves are  unequal  The  corresponding  compounds  of  the  iron, 
platinum,  and  cadmium  groups  often  exemplify  this  most 
strikingly.  The  exceptions  to  the  previous  rme  are  probably 
due  to  tnis.  Thus,  although  Mg  and  Cd  have  equal  atomic 
volumes,  their  oxyds  show  no  such  equality ;  that  of  the  first 
metal  having  shaded  off  into  approximate  umformity  with  those 
of  its  kindred  iron  group. 

Of  the  rule  under  consideration,  however,  the  most  striking 
case  hitherto  adduced  is  that  of  the  vitriols.  As  I  have  already 
stated,  the  sulphates  with  7  aq.  of  Fe,  Ni,  Co,  Zn  and  Mg,  have 
equal  atomic  volumes,  while  the  double  salts  of  the  same  class, 
containing  in  addition  to  the  above  metals  Cu  and  Cd,  follow 
the  same  rula  A  similar  regularitv  connects  the  anhydrous 
sulphates  of  most  of  these  metals,  feut  an  equally  remarkable 
series  is  formed  by  the  chlorids  of  the  same  metals,  which,  of 
the  formula  MCI2,  have,  as  far  as  they  have  been  studied, 
atomic  volumes  which  are  very  nearly  equal  If  we  present 
these  chlorids  in  tabular  form,  taking  the  average  of  their  ob- 
served atomic  volumes  as  the  real  value,  we  shall  find  that  the 
variations  from  their  average  are  wholly  within  the  limits  of 
experimental  error. 

FeCla.  Sp.  gr.  2-628,  Filhol  At.  vol,  found,  60-2' 

NiCla  •'  2-660,  Schiff.        '»  '*  60-'? 

CoCI,  "  2-937,  P.  A  J.       "  "  44-2 

CuCla  *-  3-054,     *'               "  "  44-0 

ZnCla  "  2-763,  Bodeker.    "  "  49-4  J- Mean,  47*6. 

PtCla  ••  6-8696.       *»           *•  "  467  ' 

MgQa  "  2-177,  P.  &J.        "  »'  436 

CdOl,  "  3-6254,  Bodeker,  '»  "  50-5 

HgCl,  "  6-4032,  Kapsten,  "  *•  60-1^ 

Now,  if  we  take  into  account  the  difficulty  of  obtaining  per- 
fectly accurate  determinations  of  sp.gr.  for  some  of  these  sub- 
stances ;  and  also  bear  in  mind  that  for  most  of  them  only  sin- 


Sp.  gr.  calc.,  2-668 

*»  "  2-;  26 

"  ♦»  2-726 

"  *•  2-J<25 

"  u  2'Bb1 

*»  »  5-638 

"  •»  1-996 

'*  '»  3-844 

**  ••  6-693 
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gle  observations  have  been  made,  it  is  clear  that  every  variation 
from  equality  may  be  ascribed  to  errors  in  experiment  The 
extreme  difference  in  atomic  volume  is  jfrom  a  minimum  of  43*6 
to  a  maximum  of  50*7.  It  is  not  rare  for  an  equal  divergence 
to  occur  between  different  determinations  for  a  single  substence. 
A^ain,  although  chlorids,  bromids,  and  iodids  have  unequal 
atomic  volumes,  those  of  similar  chlorates,  bromates,  and 
iodates  are  equal, — at  least  as  far  as  we  have  any  data. 

NaClOa,  sp.  gr.,  2-289,  Bodeker.  NaBrOj,  3-889,  and  NaIO„ 
4-277,  Kremers.     At  vols.,  46*5,  45-2,  and  46-8. 

KClOa,  sp.  gr.,  2-825,  Buignet  KBrOg,  8-271,  and  KIO„  8*979, 
Kremers.     At  vols.,  52-7,  51-1,  and  58-8. 

Most  similar  compounds  of  silver  and  sodium  have  equal 
atomic  volumes.  This  holds  true  of  the  chlorids,  bromids,  and 
iodids  (as  will  be  shown  in  another  connection  hereafter),  and 
of  the  sulphates,  chlorates,  nitrates,  and  probably  carbonates. 
The  sulphids  and  oxyds  are  exceptions. 

Some  compounds  of  As,  Sb,  and  Bi,  have  equal  values. 
AsjO,,  sp.  gr.,  3-695,  Guibourt ;  8-884,  FilhoL  Sp,Oa,  5-11,  Terreil ; 
5-78,  BouUay.     BijOs,  8*079,  P.  &  J. ;  8450,  Leroyer  k 
Dumaa     At  vols.,  51-0—53-6;  50-5—57-1;  and  55-4— 
57-9. 
In  the  carbon  group  compare  certain  oxyds. 
SiOj,  2-668,  Devilla     TiOj  (artificial  anatase)  3-700,  Hautefeu- 
illa    SnOj  6-720,  Daubr6a     At  vols.,  22-5,  22*2,  and  22-3. 

Would  space  permit,  I  miffht  go  on  multiplying  examples  to 
an  almost  indefinite  extent ;  out  my  object  at  present  is  merely 
to  illustrate  certain  principles.  There  are  other  regularities  yet 
to  be  noticed.  The  first  of  these  is  comparatively  unimportant, 
and  I  will  merely  state  it  as  it  is,  without  adducing  any  evi- 
denca  All  sulphates  have  atomic  volumes  which  are  lower  than 
the  sum  of  the  metallic  oxyds  and  the  SO,.  That  is,  the  value 
for  MnS04  is  less  than  the  sum  of  those  of  MnO  and  SO^  To 
this  rule  I  have  found  no  exceptions.  Whether  a  similar  rule 
holds  good  for  chromates,  moly  odates,  and  tungstates,  I  am  not 
certain ;  the  materials  at  my  command  being  too  limited  to  set- 
tle the  question. 

Another  regularity  is  more  remarkable.  It  is  noteworthy 
that  certain  oxyds  and  sulphids  have  atomic  volumes  which 
are  lower  than  those  of  the  metals  contained  in  them.  Now,  in 
a  number  of  cases,  I  find  that  those  atomic  volumes  equal  ha^ 
the  sum  of  those  of  the  metal  and  the  other  element,  provided 
that  S=15-6,  and  O  receives  its  highest  value,  10*4  I  give  oxy- 
gen this  value,  for  this  reason.  Many  sulphids  have  atomic 
volumes,  as  I  have  already  stated,  equal  to  the  sum  of  those  of 
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the  metal  and  snlpliur  in  the  free  state;  so  that  it  is  prob- 
able that  some  oxyds  follow  the  same  rula  10*4  being  the 
highest  number  for  oxygen,  renders  it  likely  that  that  is  the 
true  value  for  this  element  in  those  oxyds  corresponding  to 
the  above  mentioned  sulphids. 

Now,  two  sulphids  appear  to  follow  this  rule,  viz:  NajS 
and  K^,  whose  sp.  gr.,  given  by  Filhol,  are  respectivelv  2-471 
and  2180.  At  vols.,  81-6  and  51-6.   Now  2(22'8)-H5'6  ^  gQ.g  . 

and  -^ ^ ^=58*4.     If  these  theoretical  atomic  volumes 

are  true,  then  the  sp.  gr.  of  Na^  will  be  2*549,  or  0'078  greater 
than  the  value  found ;  while  that  of  KgS  will  be  2-059,  varying 
0-071  from  FilhoFs  number.  These  variations  are  wholly  with- 
in the  limits  of  error  for  such  compounda 

But  the  results  obtained  with  four  oxyds  are  more  striking. 

MgO.  Sp.gr.3-200,KarBten.  At  vol  12-6.  ^55+19^=1 2-1.  Error  0*4 
CaO.        «      3-161,      "  "       17-7.  ^5^=18-1.      «     0-4 

SrO.         "      4-611,  FilhoL  «       22-4.  ?*:^-^*=22-35.    "     0-05 

AlgO,.     "      3-928,  Ebelmen.      "       26-9.  *<^y<"^*>=25-8.^^    0-1 

The  oxyds  of  barium,  sodium,  and  potassium,  do  not  follow 
this  rule. 

One  more  regularity  traced,  and  I  am  done.  If  my  views 
concerning  multiple  relations  are  correct,  and  all  the  values  for 
oxygen  and  sulphur  are  multiples  of  the  lowest,  then  we  must 
expect  that  compounds  fonnea  by  the  union  of  these  elements 
wifi  have  atomic  volumes  which  are  also  multiplea  Now,  sul- 
phuric anhydrid,  S0»,  has,  according  to  Buff,  the  sp.  gr.  1*909 
at  25°,  and  according  to  Baumgartner  1*97^.  Its  atomic  vol- 
ume, then,  is  from  40*5  to  41 '9.  And  41*6  is  precisely  four 
times  10*4 1 

The  chlorids,  bromids,  and  iodids  of  the  alkali  metals  and 
silver,  seem  to  afford  a  similar  exampla  In  one  of  my  pre- 
vious papers  I  showed  that  Kopp's  values  for  01,  Br,  and  1^  in 
their  liouid  compounds  were  almost  exact  multiples  of  his  num- 
ber for  H,  5-5  Consequently,  judging  from  analogy,  it  is  likely 
that  these  elements  in  their  solid  compounds  would  follow  a 
similar  rule.  Now  the  metals  Li,  Ka,  K,  and  Ag,  have 
atomic  volumes  which  do  not  vary  greatly  from  multiples  of 
5*5.  And,  in  accordance  with  what  we  should  expect,  their 
chlorids,  bromids,  and  iodids  have  atomic  volumes  which  are 
either  exact,  or  so  nearly  exact,  multiples  of  5*5,  that  the  cir 
cumstance  cannot  be  ascribed  to  accident 

I  present  a  tabular  view  of  this  regularity. 
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LiCJL  8p.  gr. 

NaCl  ** 

KCl  " 

AgCl  " 

NaBr  " 

KBr  " 

AgBr  " 

Nal  " 

KI  " 

Agl  *' 

On  comparing  these  numbers,  it  will  at  once  be  noticed,  not 
only  that  the  variations  from  theory  are  remarkably  slight,  but 
also  (which  has  been  previously  stated)  that  the  corre^nding 
compounds  of  Na  ana  Ag  have  nearly  equal,  or  equal  atomic 
volumes,  that  the  values  of  potassium  compounds  exceed  those 
of  the  sodium  compounds  by  1 1*0,  (5*5x2),  that  bromids  exceed 
chlorids  by  5*5,  and  that  iodids  have  atomic  volumes  llO 
greater  than  bromids.  These  regularities  in  diJBference  between 
chlorids,  bromids,  and  iodids,  however,  do  not  appear  so  dis- 
tinctly in  other  series  of  them. 

Now,  to  sum  up  the  important  relations  traced  in  this  paper, 
bearing  in  mind  that  in  many  cases  exceptions  exist 

First  When  similar  metals  have  equal  atomic  volumes,  those 
of  their  similar  compounds  will  also  be  equal 

Second.  Metals  wnose  atomic  volumes  are  unequal,  but  sim- 
ply related  to  one  another,  often  form  similar  compounds  hav- 
ing ecjual  values. 

Third.  Some  compounds  have  atomic  volumes  which  stand 
in  very  simple  relations  to  the  sums  of  those  of  the  free  elements 
which  form  them. 

Fourth.  Compounds  formed  by  the  union  of  similar  elements, 
have  atomic  volumes  which  are  multiples  of  the  lowest  for  that 
group. 

And,  fifth,  we  may  add  the  multiple  relations  traced  in  my 
former  papers,  which  not  only  connect  the  atomic  volumes  of 
different  elements,  but  the  various  values  for  each  single  ele- 
ment 

Now,  what  do  these  regularities  mean.  Are  we  justified 
either  in  drawing  any  direct  conclusions  from  them,  or  in  basing 
upon  them  any  general  theory  of  atomic  volumes?  To  this  1 
must  answer,  that,  although  no  generalization  is  absolutely 
established  by  them,  it  seems  to  me  that  one  is  decidedly  hinted 
at  May  we  not  say  that  in  all  compounds,  the  atomic  volume 
of  every  element  will  be  either  a  perfect  multiple  of  the  lowest 
value  6r  that  element,  or  of  the  lowest  value  in  the  group  to 
which  it  belongs  ?  Although  this  theory  cannot  be  regarded  as 
entirely  proveo,  it  certainly  possesses  a  considerable  deffree  of 
probability,  and  seems  to  harmonize  well  with  the  regularities 
which  I  have  pointed  out     But  why  an  element  should  have  a 
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higher  value  in  one  compound  than  in  another,  remains'  to  be 
accounted  for,  although  upon  this  point,  perhaps,  Buffs  idea 
that  the  different  degrees  of  quanti  valence  of  an  element  in  its 
various  compounds,  cause  the  differences  in  its  atomic  volumes, 
mav  prove  correct* 

6ut  at  all  events,  whether  the  theory  which  I  put  forward 
turns  out  true  or  false,  it  may,  perhaps,  by  lending  some  system 
to  the  study  of  atomic  volume,  pave  the  way  for  something  of 
greater  value. 

Boston,  May  30th,  1870. 


Art.  XIX. — Considerations  on  the  apparent  irutqualities  of  long 
period  in  the  mean  motion  of  the  Moon  ;  by  SiMON  Newcomb. 

[Bead  to  the  Kationnl  Academy,  April,  I8t0.] 

The  problem  of  determining  the  motion  of  the  moon  around 
the  eartn  under  the  influence  of  the  combined  attraction  of  the 
sun  and  planets  has,  more  than  any  other,  called  forth  the  efforts 
of  mathematicians  and  astronomers.  Nearly  every  great  geo- 
meter since  Newton  has  added  something  to  the  simplicity  or 
the  accuracv  of  the  solution,  and,  in  our  own  day  we  nave  seen 
it  successfully  completed  in  its  simplest  form,  in  which  the  earth, 
the  moon,  and  the  sun  are  considered  as  material  points,  mov- 
ing under  the  influence  of  their  mutual  attractions.  The  satis- 
factory solutions  are  due  to  the  genius  of  Hansen  and  of  De- 
launay.  Working  independently  of  each  other,  each  using  a 
method  of  his  own  invention  more  rigorous  than  had  before 
been  applied,  they  arrived  at  expressions  for  the  longitude  of 
the  moon  which,  being  compared,  were  found  to  exhibit  an  av- 
erage discrepancy  of  less  than  a  second  of  arc.  No  doubt  could 
remain  of  the  substantial  correctness  of  eacL 

The  solutions  here  referred  to  exhibit  only  inequalities  of 
short  period  in  the  motion  of  the  moon.  But,  it  has  long  been 
known,  from  observation,  that  the  mean  motion  of  the  moon  is 
subject  to  apparent  changes  of  very  long  period,  and  especially 
to  a  secular  acceleration  by  which  it  has  been  gradually  mcreas- 
ing,  firom  century  to  century,  since  the  time  of  the  earliest  re- 
corded observations.  If  we  inauire  into  the  problem  of  these 
inequalities  of  long  period,  we  snail  find  it  seemingly  no  nearer 
a  final  solution  than  it  was  left  by  La  Place,  observation 
having  since  added  more  anomalies  than  theory  has  satisfacto- 
rily shown  to  exist 

The  first  inequality  in  the  order  of  discovery  was  the  secular 
acceleration.  This  was  discovered  about  the  middle  of  the  last 
century  by  a  comparison  of  ancient  eclipses  with  modem  ob- 

*  See  Biiffs  paper  In  the  Ajmalen  d.  Ohem.  u.  Phann.,  4th  supplement  vol, 
1866-6.    Or,  Bee  Ids  **  Q-nmdlehren  der  theoretisohen  Ohemte.*' 


Digitized  by  VjOOQ  IC 


184  S,  Newcomb  on  Ae  apparent  mequalUies 

servationi  Its  cause  was  first  discovered  hy  La  Place,  who 
showed  that  it  was  due  to  the  efiect  of  the  action  of  the  planets 
in  changing  the  eccentricity  of  the  earth's  orbit 

The  results  of  his  computations  agreed  substantially  with  ob- 
servations, and  was  therefore  received  with  entire  confidence  until 
less  than  twenty  years  ago.  The  question  being  then  taken  up 
by  Mr.  John  C.  Adams,  this  eminent  mathematician  was  led  to 
the  conclusion  that  La  Place's  result  was  nearly  twice  too  large. 

The  same  conclusion  was  reached  independently  by  Delaunay, 
and  gave  rise  to  a  remarkable  discussion,  the  history  of  which 
is  too  familiar  to  be  now  recounted.  It  is  now  conceded  that 
the  value  found  by  Adams  and  Delaunay  is  theoretically  correct 

The  new  result  no  longer  agreeing  with  observation,  the  dif- 
ference is  now  accounted  for  by  an  increase  in  the  length  of  the 
day.  That  this  length  is  increasing  is  also  known  firom  theoret- 
ical considerations,  but  the  data  mr  its  accurate  determination 
are  wanting.* 

In  the  third  volume  of  the  Mecanique  CSJeste  (Seconde  Partie, 
Livre  vii,  Chapitre  v)  La  Place  discusses  an  apparent  inequal- 
ity of  long  period  in  the  motion  of  the  moon.  The  discussion 
is  mainly  empirical  The  existence  of  the  inequality  is  inferred 
fix>m  observations,  these  showing  that  the  mean  motion  of  the 
moon  during  the  half  century  following  1756  was  less  than  dur- 
ing the  half  century  preceding.  He  then  assumed  that  the  in- 
equality was  due  to  tne  fact  that  twice  the  mean  motion  of  the 
moon's  node,  plus  the  motion  of  its  perigee,  minus  that  of  the 
sun's  perigee  was  a  very  small  quantity,  less  than  two  d^rees 
per  annum,  and  determined  the  coefficient  of  the  varying  angle 
solely  from  the  observationa  The  result  was  that  these  might 
be  satisfied  by  supposing  the  inequality  of  mean  longitude 

«=:4r-61  [or  16"-39]  sin  (2  il^+n^^SnQ) 

t£,  in  this  expression,  we  substitute  Hansen's  values  of  the 
elements,  it  becomes 

«=:16"-39  sin  [178^  26'+(l^  57'-4)  (^-1800)]. 
When  in  1811  Burckhardt  constructed  his  tables  of  the  moon, 

*  The  time  and  place  when  the  diaoordanoe  referred  to  was  first  distinctly  attrib- 
uted  to  the  tidal  retardation  of  the  earth  having  been  a  subject  of  discussion,  tiie 
following  extract  from  an  article  on  "  Modem  Theoretical  Astronomy**  in  the  North 
American  Review  for  October,  1861  (voL  93|  p.  886),  may  not  be  devoid  of  interest 

"  It  seems  to  be  well  established  that  the  new  theory  is  inconsistent  with  the  ob- 
servations of  ancient  edipses,  and  if  it  should  prove  to  be  correct  we  may  be  driven 
to  the  conclusion,  that  a  portion  of  the  acceleration  proceeds  firom  some  other  cause 
than  the  attraction  of  gravitation,  or  that  tiie  lengtii  of  the  day  is  gradually  increas- 
ing to  an  eztcDt  which  has  become  perceptible  fh>m  tiie  cause  to  which  we  have 
already  referred  [the  tidal  retardation,  p.  374].  If,  as  centuries  roll  by,  the  day 
should  graduaJly  mcrease,  the  moon  would  move  a  little  farther  in  the  course  of  a 
day  than  if  no  such  increase  should  take  place.  Shice,  in  our  calculatiaw,  we  sup- 
pose  the  day  constant,  the  apparent  acceleration  would  be  greater  than  the  real — 
precisely  the  effect  observed.  The  difference  can  be  entirely  accounted  for  by  sup- 
posing an  increase  of  something  leas  than  one  thousandth  of  a  second  per  ceotuiy 
m  the  length  of  the  day,  and  a  oorreipowling  dimiaiitioii  in  tiie  lunar  month.*' 
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he  omitted  the  sun's  perigee  from  this  argument  by  the  author- 
ity of  La  Place,  himself,  who  now  attributed  the  inequali^  to 
a  difference  of  compression  between  the  two  hemispheres  oi  the 
earth.  The  function  was  also  changed  from  sin  to  cos  and  the 
coefficient  altered.     The  adopted  term  thus  became 

W=-r2"-6  cos  [291°  5r+(2^  0'-46)(^-1800y] 
=     12"-6  sin  [201°  57'+(2°  0'-45)(«— 1800)] 

Succeeding  investigators  have  regarded  the  theoretical  coeffi- 
cients of  botn  of  these  terms  as  insensible.  It  does  not  seem 
likely  that  there  is  any  such  difference  between  the  two  terres- 
trial hemispheres  as  could  produce  the  second,  but  I  am  not 
aware  that  the  coefficient  of  the  first  has  ever  been  shown  to  be 
insensible  by  any  published  computation.  This  coefficient  is 
of  the  ninth  order  and  the  argument  is, 

In  Delaunay's  notation,  3D  -  2F  -  Z+ Sf; 

In  Hansen's,  w—Sw'. 

The  period  is  184  years,  and  the  large  value  of  the  ratio  of 
this  period  to  that  of  the  moon  itself  might  render  the  coefficient 
sensible.  Both  Hansen  and  Delaunay  pronounce  it  insensible, 
but  neither  publish  their  computations  of  its  magnitude 

These  terms  have  ceased  to  figure  in  the  theory  of  the  moon 
since  Hansen  announced  that  the  action  of  Venus  was  capable 
of  producing  inequalities  of  the  kind  in  (juestion.  So  far  as  I 
am  aware,  Hansen  s  first  publication  on  this  subject  is  that  found 
in  No.  597  of  the  Astronomische  Nachrichten  (B.  25,  S.  325.) 
Here,  in  a  letter  dated  March  12,  he  alludes  to  La  Place's  coeffi- 
cients, and  says  he  has  not  been  able  to  find  any  sensible  coeffi- 
cient for  La  rlace's  argument  of  long  period.  But  on  examin- 
ing the  action  of  Venus  on  the  moon  he  found,  considering  only 
the  first  power  of  the  disturbing  force,  the  following  term  in  the 
moon's  mean  longitude: 

81=  16"-0l  sin  (-^— 16^'+18.^"+36*'  20'). 
g,  g'  and  g"  being  the  mean  anomilies  of  the  moon,  the  earth 
and  Venus  respectively.  As  this  expression  still  failed  to  ac- 
count for  the  observed  variations  of  the  moon's  lonmtude  he 
continued  the  approximation  to  the  fourth  power  of  the  dis- 
turbing force,  and  found  that  the  terms  of  the  third  and  fourth 
order  increased  the  coefficient  to  27'' 4,  the  angle  remaining  un- 
changed, so  that  the  term  became 

2r'-4  sin  (-*.^-.16^+18^'+86°  20'), 
But  this  increase  made  the  theory  rather  worse,  and  the  term 
depending  on  the  argument  of  Ajry's  equation  between  the 
earth  and  Venus  was  then  tried  with  the  result — 
dl  z=  23"-2  sm  (8^"- 13^'+ 316°  30'). 
The  introduction  of  this  term  seemed  to  reconcile  the  theory 
with  observation. 

Am.  Jour.  Sol— Sbooud  Sbbzbs,  You  L,  No.  149.— Ssft.,  1870« 
13 
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Hansen  finally  remarks  that  these  values  of  the  coefficients 
are  still  subject  to  some  uncertainty  fi*om  his  not  having  em- 
ployed decimals  enough  in  his  computation. 

fn  a  letter  to  the  Astronomer  Boval,  published  in  the  Monthly 
Notices  of  the  Royal  Astronomicfd  Society  for  Nov.  1854,  Han- 
sen gives  a  statement  of  the  elements  employed  in  his  tables  of 
the  moon,  and  refers  to  the  subject  of  these  inequalities  in  the 
following  terms : — 

"The  accurate  determination  of  these  two  inecjualities  by 
theory  is  the  most  difficult  matter  which  presents  itself  in  the 
theory  of  the  moon's  motion.  I  have  on  two  occasions  and  by 
different  methods  sought  to  determine  their  values,  but  I  have 
obtained  results  essentially  different  fix>m  each  other.  I  am 
now  again  engaged  with  their  theoretical  determination  by  a 
method  which  I  have  simplified,  and  hope  to  bring  the  opera- 
tion to  a  definitive  close.  I  have  also  applied  to  my  tables 
some  coefficients  which  are  not  fi'ee  from  empiricism  but  which 
I  can  justify  by  the  circumstance  that  they  represent  the  ancient 
as  well  as  tne  modem  observations  with  great  exactness,  and  it 
may  be  expected  that  they  will  represent  the  future  observa- 
tions equally  well." 

Hansen's  lunar  tables  were  published  in  1857. 

The  terms  of  long  period  finally  adopted  are 

16"-34  sin  (-.^—leE-hlSV+SO^  12') 
+21-48  sin  (8V-13E+274°  14'), 

V  and  E  representing  the  mean  longitudes  of  Venus  and  the 
earth.     Changing  them  to  mean  anomalies  the  terms  become 
16"-34  sin  (-^-16flr'+l8^'+33°  36') 
+21-47  sin  (8^"— 13/+4°  44'). 

It  appears  that  while  the  first  term  has  been  restored  to  what 
was  substantially  its  original  value,  when  only  the  first  power 
of  the  disturbing  force  was  included,  the  argument  of  the  second 
term  has  been  cnanged  by  50^,  the  coefficient  being  but  slight- 
ly changed. 

In  a  letter  to  the  Astronomer  Royal,  dated  1861,  Feb.  2d, 
found  in  the  Monthly  Notices  for  March,  1861,  Hansen  a^in 
refers  to  this  second  term  with  the  statement  that  its  coefficient 
is  one  of  those  somewhat  empirical  At  the  same  time  he  has 
found  the  coefficient,  by  his  last  theoretical  determination  of  it, 
by  no  means  insensible,  like  Delaunay.  He  adds  that  in  the 
comparison  with  observation  he  has  never  gone  beyond  Brad- 
ley, nevertheless  his  tables  satisfactorily  represent  the  ancient 
ODservations. 

A  well  marked  feature  of  Hansen's  published  works  is  the  co- 
piousness and  perspecuity  with  which  his  theoretical  calcula- 
tions are  laid  dovm.  But,  so  fer  as  I  am  aware  he  has  never 
published  any  computation  of  these  inequalities  except  that 
part  of  the  first  inequality  which  depends  on  the  first  power  of 
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the  disturbing  force.  This  computation  is  found  in  voL  xvi  of 
the  Memoirs  of  the  Eoyal  Astronomical  Society.  In  the  sec- 
ond part  of  his  "  Darlegung  "  we  find  a  general  method  of  treat- 
ing inequalities  of  long  period,  but — unless  I  have  overlooked 
it — ^no  computation  of  any  particular  inequali^.  Nor  do  we 
find  any  statements  of  the  numerical  results  of  Hansen's  various 
computations  except  those  alreadv  quoted. 

Tne  onlv  geometer  besides  Hansen  who  has  attacked  the 
problem  of  these  inequalities  is  Delaunay.     His  researches  are 

?ublished  in  full  in  the  Additions  to  the  Connaissance  des 
'emps  for  years  1862  and  1863.     For  the  first  approximation 
to  the  first  inequality  his  result  is 

16"-02  sin  (-/-16r+18r+35°  20'-2) 
a  result  practicallv  identical  with  that  of  Hansen.     The  ulterior 
approximations  cfiange  it  to 

16''-84  sm  (-/— l6r+18r+35°  16'-5), 
80  that  they  increase  the  coefficient  instead  of  diminishinff  it  as 
in  Hansen's  theory.     The  difference  is  however  so  small  that 
the  results  may  be  regarded  as  identical 

But,  in  the  case  of  the  second  inequality  instead  of  reproduc- 
ing the  result  of  Hansen,  he  finds  a  coefficient  of  only  0'''27,  a 
quantity  quite  insignificant  in  the  present  state  of  the  question. 
We  have  thus  an  irreconcilable  difference  on  a  purely  theoreti- 
cal question. 

I  propose  to  inquire  whether  we  have  in  either  theory  an  en- 
tirely satisfactory  agreement  with  observation.  As  a  prelimin- 
ary step  to  this  inquiry  I  have  prepared  the  following  table  of 
the  mean  longitude  of  the  moon  frdm  the  tables  of  Burckhardt 
and  of  Hansen  respectively,  for  a  series  of  equidistant  dates,  the 
interval  being  8662*5  days,  and  the  epoch  1800  Jan.  0,  Greenwich 
mean  noon.  These  dates  are  marked  by  the  year  near  the 
b^inning  of  which  they  falL  Colunm  L^  gives  Burckhardt's 
mean  longitude  on  the  supposition  of  uniform  motion,  fi:om  the 
data  given  on  the  fifth  page  of  the  introduction  to  his  tablea 
Next  is  given  the  acceleration  of  the  mean  longitude  deduced 
from  Table  xlviii.  The  inequality  of  long  period  is  from  Table 
XLIX.  The  sum  of  these  three  quantities  gives  the  corrected 
mean  longituda 

Hansen's  mean  longitude  and  secular  acceleration  are  deduced 
in  the  same  way  from  the  elements  given  on  page  15  of  his 
Tables  de  la  Lune.  His  terms  of  long  period  are  deduced  from 
Tables  XLi  and  xui,  the  constants  bein^  subtracted  and  the  re- 
mainder reduced  to  arc  by  being  multiplied  bv  the  factor 
0"-004703.  The  last  column  of  the  table  gives  the  correction 
to  Burckhardt's  mean  longitude  to  reduce  it  to  that  of  Hansen. 
That  this  difference  is  really  the  mean  difference  between  the 
longitudes  of  the  moon  deduced  from  the  two  tables  is  shown 
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by  its  agreement  with  the  known  difference  at  particular  epochs. 
At  the  end  of  the  British  Nautical  Almanac  for  1862  is  found  a 
comparison  of  the  two  tables,  from  which  it  appears  that  Burck- 
hardt's  mean  longitude  was  then  greater  than  Hansen's  by  about 
14''-2.  The  general  agreement  oetween  1750  and  1800,  when 
both  tables  agreed  with  observations,  shows  that  the  difference 
of  mean  motion  is  certainly  affected  with  no  sensible  error. 


Tear. 

Bnrckhardt 

Hansen. 

H.-B. 

L. 

Sec. 
Var. 

P^rSSl. 

Corr.  Mmo 
Longitude. 

L. 

•IS: 

Long. 

Mean 
Longltode. 

1630 

0   /  // 
100  19  28-0 

+  4-9 

-  U 

100  19  24-9 

/    //        // 

18  14-4  +38-6 

II 
-21-4 

0   '  // 
100  18  31-5 

II 
-63-4 

40 

347  6  46-4 

+  3-6 

-10-8 

347  6  38-2 

6  3«>-8  +34-1 

-200 

347  5  50-4 

-47-8 

60 

233  94  2-7 

+  2-6 

-12-3 

233  63  52-9 

52  58-3  +  30-0 

-17-2 

223  53  111 

-31-8 

60 

120  41  201 

+  1-6 

-12-3 

120  41  9-4 

40  20-3  +  261 

-131 

120  40  33-3 

—36-8 

70 

7  28  37-4 

+  0-9 

-10-8 

7  28  27-5 

27  42-2 

+  22-5 

-  81 

7  27  66-6 

-30-9 

80 

254  15  64-8 

+  0-4 

-  8-0 

264  15  47*2 

15  4-2 

+  19-2 

-  2-3 

264  15  21  1 

-261 

90 

141  3  121 

+  01 

-  4-2 

141  3  7-8 

2  261 

+  16-1 

+  3-9 

141  2  461  -21*7 

1700 

27  50  29-5 

+  0-0 

+  0-2 

27  50  29-7 

49  48-1 

+  13-3 

+  100 

27  50  11-4  -18-3 

10 

274  37  46-8 

+  0-1 

+  4-4  274  37  51-3 

37  100 

+  10-8 

+  15-6 

274  37  36-4  —14-9 

20 

161  25  4-2 

+  0-4 

+  8-3!l61  26  12-9 

24  820 

+  8-5 

+  20-6 

161  26  1-0 

-11-9 

80 

48  12  21-5 

+  0-9 

+  11-0  48  12  33-4 

11  59-9 

+  6-5 

+  24-2 

48  12  24-7 

-  8-7 

40 

294  59  38-9 

+  1-6 

+  12-4 

294  59  52-9 

59  15-9 

+  4-8 

+  26-4 

294  59  47  1 

-  5-8 

60 

181  47  66-2 

+  2-5 

+  12-2 

181  47  10-0 

46  37-9 

+  3-3 

+  26-9 

181  47  81 

-  2-9 

60 

68  34  13-6 

+  3-6 

+  10-6 

68  34  27-8 

33  59-8 

+  21 

+  26-7 

68  64  27-6 

-  0-2 

70 

315  21  30*9 

+  4-9 

+  7-8 

316  21  43-7 

21  21-8 

+  1-2 

+  22-9 

316  21  45-9 

+  2-2 

80 

202  8  48-3 

+  6-4 

+  3-9 

202  8  58-6 

8  43-7 

+  0-6 

+  18-5 

202  9  2-7 

+  4-1 

90 

88  56  6-6 

+  8-1 

-  0-4 

88  56  13*4 

56  5-7 

+  01 

+  12-8 

88  66  18-6 

+  5-2 

1800 

335  43  23*0 

+  10-0 

-  4-7 

335  43  28-4 

43  27-7 

00 

+  61 

336  43  33-8 

+  6-4 

10 

222  30  40-4 

+  12-1 

-  8-3 

222  30  44-2 

30  49-6 

+  01 

-  1-1 

222  30  48-6 

+  4-4 

20 

109  17  57-8 

+  14-4 

-110 

109  18  1*2 

18  11-6 

+  0-6 

-  8-4 

109  18  3-7 

+  2-6 

30 

366  6  16-2 

+  16-9 

-^2-4 

356  6  19-7 

6  33-5 

+  1-2 

-15-4 

356  5  19-3 

-  0-4 

40 

242  52  32-5 

+  19-6 

-12-2 

242  52  39-9 

52  66-6 

+  21 

-21-6 

242  62  36-0 

-  3-9 

60 

129  39  49-9 

+  22-6 

-10-6 

129  4«  1-8 

40  17-6 

+  3-3 

-26-5 

129  39  64-3 

-  7-5 

60 

16  27  7-2 

+  25-6 

-  76 

16  27  25-2 

27  394 

+  4-8 

-29-8 

16  27  14-4 

-10-8 

70 

263  14  24-6 

+  28-9 

-  3-8 

263  14  49-7 

15  1-4 

+  6-5 

-31-3 

263  14  86*6 

-131 

Burckhardt's  tables  have  been  selected  for  this  comparison 
because  they  have  been  extensively  compared  with  observations 
made  before  1700.  The  additions  to  the  Gonnaissance  des  Temps 
for  1824  contain  a  paper  by  Burckhardt  himself  giving  a  com- 
parison of  his  tables  with  observations  of  occultations  made  by 
Flamstead,  Hevelius  and  others,  between  1687  and  1700.  The 
general  result  of  this  comparison  is  that  the  mean  longitude  of 
bis  tables  could  hardly  have  been  more  than  a  very  few  seconds 
in  error  in  the  year  1670.  But,  the  preceding  table  shows  that 
for  this  epoch  Hansen's  mean  longitude  is  80  less  than  Burck- 
hardt's.  Therefore,  unless  we  suppc«e  Burckhardt's  investi- 
gation to  be  affected  with  some  egregious  systematic  error  we 
must  admit  that  the  mean  longitude  of  Hansen's  tables  for  the 
epoch  1670  is  about  30''  too  small 

Desiring  an  independent  test  of  this  conclusion  T  have  select- 
ed certain  observations  which,  with  the  data  available,  seemed 
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well  fitted  to  answer  this  purpose  and  compared  them  directly 
with  Hansen's  Tablea 
They  are 

1.  Occultation  of  AldeBaran,  1680,  Sept  13,  observed  at 
Greenwich  by  Flamstead. 

2.  Occultation  of  the  same  star  1680,  Nov.  7,  observed  at 
Greenwich  by  Flamstead,  and  at  London  by  Halley. 

8.  Total  eclipse  of  the  sun  1715,  May  8,  observed  at  Lon- 
don, Greenwich  and  Wanstead  by  Halley,  Flamstead  and 
Pound. 

To  compute  the  occultations  of  Aldebaran  the  mean  position 
for  1680*0  was  derived  from  Le  Verrier's  Tables  (Annales  de 
rObservatoire,  Tome  II)  correcting  the  right  ascension  by 
+0*'01,  and  was  as  follows : 

a(1680)  =  4»»  17"  37»-01 

d +15^49'  ll"-8 

The  corrections  for  reduction  to  apparent  place  are' 
for  Sept.  13,  Aa  =+2«-90  ;     Ad=:+l"'l 

Nov.  7,  Aa  z=4-4*18         A^=+2-4 

The  following  geocentric  positions  of  the  moon  were  derived 
from  Hansen's  Tables. 


Date  (jTUlan  Cal.) 

Sept.  18. 

Nov.  7. 

Gr.  Mean  Time, 

D  *8  Longitude, 

"    Latitude, 

"    Parallai, 

b      m      8 
15      0   63 
640  54/  24"-3 
-4    46   29-8 

0    59   300 

h      m      ■ 
16    12   63 
65°  37'  20"-4 
-4    48   10-6 

0    59   28-8 

h      m      8 

7    50   39 
64^  33'  ll"-6 
-4    39   26-9 

1      1    18-5 

h      m      8 
8    48    15 
65°    9'49"-6 
-4    40   480 
1      1    17-8 

From  these  data  we  derive  the  following  times  for  the  im- 
mersion and  emersion  of  Aldebaran  for  the  dates  in  question. 
The  observed  times  have  been  concluded  from  the  observed 
altitudes  and  clock  times  given  by  Flamstead  in  the  Historia 
Cfefesfti,  kindly  ftirnished  me  by  rrot  Winlock.  They  differ 
but  little  from  the  results  of  Flamstead  himself,  when  the  latter 
are  corrected  for  the  equation  of  time. 


Computed. 

Obsenred. 

0-0. 

h           m          8 

B 

Sept  13,  Immersion, 

16           2         49 

15           0 

53 

+  116 

Emersion, 

16         10           5 

16           9 

12 

+  53 

Nov.  7.    Immersion, 

7         51         47 

7         60 

48 

+   64 

Emersion, 

8         48         16 

8        47 

12 

+  64 

The  great  difference  between  the  results  of  the  two  phases  of 
the  first  occultation  gives  rise  to  a  suspicion  of  error  in  the  ob- 
servations or  the  data  of  reduction.  The  second  observation  is 
confirmed  by  that  of  Halley  in  London,  he  having  observed 
the  immersion  at  1^  50™  9«,  and  noticed  that  the  star  was  "  new- 
ly emerged  "  at  8**  47™  1'.  His  place  of  observation  was  prob- 
ably twenty-five  or  thirty  seconos  west  of  Greenwich,  and  tncre- 
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fore  his  observation  agrees  well  with  that  of  Flamstead.  The 
discordance  between  the  observed  and  computed  times,  of  this 
second  occultation  indicates  a  correction  of,  about  +82"  to 
Hansen's  mean  longitude  at  the  ep<5ch  1680,  and  the  first  may 
be  considered  as  confirming  this  correction  in  direction,  if  not 
in  amount 
For  the  eclipse  of  May  8,  1716  we  have  the  following  com- 

Euted  and  observed  times.  I  have  assumed  Halley's  station  to 
e  in  latitude  51^  31'  and  longitude  25'  west.  Pound's  is  taken 
in  accordance  with  his  own  statement  to  be  in  latitude  51*^  34', 
and  longitude  8"  west  These  agree  pretty  well  with  Flam- 
stead's  statements  that  Wanstead  is  seven  or  eight  miles  N.  by 
E.  from  Greenwich,*  and  that  Crane  Court  is  half  a  minute  of 
time  West  of  Greenwich. 

Halley  at  London. 


Computed. 

Obeerred. 

c-o    , 

h            m 

8 

h 

m 

8 

s 

First  contact, 

20           2 

35 

20 

2 

37 

—  2 

Beginning  of  Totality, 

21           6 

52 

21 

5 

39 

+  13 

End  of 

21           9 

3 

21 

9 

2 

4-  1 

End  of  Eclipse, 

22         16 

55 

22 

16 

37 

+  18 

Pouna  at  Wanstead. 

Eclipse  first  peroeived, 
The  total  immersion, 
The  emersion, 
The  just  end  of  the  eclipse. 

Gompated. 

Observed. 

0-0 

h           m          B 

20  3         18 

21  6         38 

21  9        48 

22  17         42 

h 
20 
21 
21 
22 

m 
3 
6 
9 
17 

8 

15 

6 

26 

10 

B 

+  3 
+  32 
+  22 
+  32 

The  only  information  I  have  respecting  Flamstead's  observa- 
tions is  contained  in  a  letter  of  his  found  in  Baily  s  *  Life  and 
Correspondence  of  Flamstead,  p.  315,  from  which  it  appears  that 
his  times  differ  only  a  few  seconds  from  Halley's,  instead  of 
differing  by  the  half  minute  required  by  the  difference  of  meri- 
dians. An  obvious  slip  of  the  pen,  {later  being  written  instead 
of  earlier)  makes  it  douotful  in  which  way  the  "  few  seconds " 
are  to  be  counted.  It  can,  however,  be  fairly  inferred  from  his 
statement  that  his  observations  diverge  fix)m  the  tabular  times 
as  much  or  more  than  Pound's. 

The  discordance  of  the  results  of  first  and  last  contact  may 
be  attributed  to  this  cause :  that  with  their  imperfect  telescopes 
the  observers  did  not  begin  to  see  the  moon  until  several  seconds 
after  the  actual  commencement  of  the  eclipse,  and  lost  sight  of 
it  a  few  seconds  before  the  actual  end.  Tne  discordance  m  the 
duration  of  totality  indicates  with  a  high  probability  that  the 
computed  shadow  path  falls  a  few  miles  too  far  nortn.  In  tiiis 
case  the  mean  of  the  results  for  beginning  and  end  of  totality 

*  BaU/s  Flamstead,  p.  316,  p.  328. 
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will  be  about  right,  and  we  have  for  the  excess  of  computed 
times 

Halley*8  observations,  +  7* 

Pound's,  +  27 

Flamstead's,  +  80  zh 

I  infer  from  these  results  that  the  correction  to  Hansen's  mean 
loDffitude  at  the  epoch  1716  is  about  +11'^ 

Comparing  the  corrections  thus  found  for  the  epochs  1680  and 
1 715,  we  find  they  are  substantially  those  required  to  reduce 
Hansen's  mean  longitude  to  Burckhardt'a  1  conclude,  there- 
fore, that  no  egregious  systematic  error  has  crept  into  the  re- 
searches by  which  Burckhardt  sought  to  show  that  the  epoch  of 
his  tables  was  substantially  correct  during  the  latter  half  of  the 
seventeenth  century,  and  that  the  difference  between  the  mean 
longitude  of  Hansen  and  Burckhardt  during  that  period  repre- 
sents approximately,  at  least,  errors  of  Hansen's  mean  longitude. 

The  observations  of  the  moon  made  at  the  observatories  of 
Greenwich  and  Washington  during  the  last  ten  years,  indicate 
a  tabular  deviation  of  a  remarkable  character.  JFrom  1860  to 
1862  we  find  the  moon  slowly  running  ahead  of  the  tables, 
until  the  latter  required  a  correction  of  plus  two  seconds  in  lon- 
gitude to  make  them  agree  with  observation.  But  this  correc- 
tion, instead  of  continuing  to  increase  as  all  analogy  would 
have  led  us  to  anticipate,  suddenly  began  to  diminisn,  so  that 
since  1862  the  moon  seems  to  have  Been  falling  behind  the 
tables  at  the  rate  of  a  second  a  year.  This  is  shown  by  the  fol- 
lowing exhibit  of  the  corrections  to  Hansen's  mean  longitude, 
or  right-ascension,  deduced  from  the  meridian  observations  of 
the  two  observatories. 


Correction  given  by 

Tear. 

Greenwich. 

WMhington. 

Mean. 

Corr.  mean. 

// 

// 

ti 

// 

1860 

+  0-3 

-1-3 

00 

+  1-0 

51 

+  1-6 

+  0-6 

+  1-3 

+  2-7 

52 

+  0-9 



+  0-9 

+  2-4 

56 

+  1-0 



+  1-0 

+  1-4 

57 

+  1-5 

--.  - 

+  1-6 

+  1*4 

68 

i-20 

+  1-5 

+  1-8 

+  13 

62 

+  2-4 

+  2-4 

+  2-4 

+  0-9 

63 

+  2-2 

+  1-2 

+  1-7 

+  0-6 

64 

+  01 

-10 

-0-4 

-1-2 

66 

-11 

-2-4 

-1-7 

-21 

66 

-2-2 

-2-6 

-2-4 

-2-4 

67 

—3-9 

-41 

-4  0 

-3-6 

68 

-4-4 

-4-5 

-4-5 

-36 

69 



-66 

-5-5 

-4-3 

The  corrections  here  given  as  those  of  Greenwich  are,  previ- 
ous to  1859,  derived  from  the  comparison  found  in  the  ween- 
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wich  observations  for  1859.  From  1863  forward  they  are  deriv- 
ed from  a  paper  by  Mr.  Dunkin  in  the  Monthly  Notices  of  the 
Royal  Astronomical  Society  for  April,  1869.  The  work  of 
only  the  four  principal  observers  is  therefore  included  in  the 
comparison.  The  object  of  this  comparison  being  not  so  much 
to  determine  the  absolute  correction  to  the  epoch  of  the  tables 
as  to  show  the  changes  of  this  correction,  it  is  better  to  reject 
the  results  of  the  observers  whose  labors  were  discontinuous. 
In  the  case  of  the  Washington  observations,  such  a  selection 
could  not  be  made :  the  results  given  are  therefore  an  indis- 
criminate mean  of  alL  The  systematic  personal  differences  are 
however  found  to  be  very  smalL 

That  these  corrections  are  real  will  not,  I  conceive,  be  dispu- 
ted. To  suppose  them  due  to  errors  of  observation,  would  be 
to  suppose  that  six  or  eight  long  practiced  observers  divided 
between  the  two  hemispheres,  all  progressively  changed  their 
habits  of  observing  in  the  same  way,  and  to  nearly  the  same 
amount,  through  a  period  of  seven  or  eight  years. 

A  portion  oi  the  observed  discordance  may  arise  from  a  small 
error  in  Hansen's  value  of  the  coefficient  depending  on  the 
ellipticity  of  the  earth,  which  is  more  than  a  second  greater 
than  the  values  derived  by  previous  investigators,  either  from 
theory  or  observation-  T^he  last  column  of  the  preceding  table 
shows  what  the  correction  would  be  if  Hansen's  coefficient  were 
l''*5  smaller  than  it  is. 

From  all  these  comparisons  it  would  appear  that  the  problem 
of  the  inequalities  of  long  period  in  the  moon's  mean  motion  is 
really  no  nearer  such  a  solution  as  will  agree  with  observation, 
than  when  it  was  left  by  La  Place.  By  a  partially  empirical 
correction,  Hansen  has  succeeded  in  securing  a  very  good  agree- 
ment during  the  period  1760-1860,  but,  if  the  results  of  the 
preceding  examination  are  correct,  this  has  been  gained  only  by 
sacrificing  the  agreement  for  the  century  previous  to  1760,  and 
for  the  years  following  1860.  This  failure  to  reconcile  theory 
with  ol«ervation  must  arise  from  one  of  two  sources.     Either : 

(1)  The  concluded  theory  does  not  correctiy  represent  the 
mean  motion  of  the  moon.     Or : — 

(2)  The  rotation  of  the  earth  on  its  axis  is  subject  to  inequal- 
ities of  irregular  chanocter  and  long  period. 

The  first  hypothesis  admits  of  two  explanationa  We  may 
suppose  either  that  the  mean  motion  of  the  moon  is  subject  to 
change  from  some  other  cause  than  the  gravitation  of  the 
known  bodies  of  the  solar  system,  or  that  the  effect  of  this  grav- 
itation is  incorrectlj  calculated,  and  that  theory  and  observa- 
tion will  be  reconciled  by  a  correct  calculation. 

There  are  difficulties  in  the  way  of  accepting  either  of  these 
explanations.     In  reference  to  the  first  it  may  be  remarked  that 
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anomalies  of  mean  motion  cannot  be  accounted  for  by  a  devia- 
tion from  the  received  law  of  gravitation  inversely  as  the 
square  of  the  distance,  because  the  anomalies  produced  by  such 
deviation  would  be  regularly  progressive,  and'  would  be  most 
sensible  in  the  secular  motion  of  the  moon^s  perigee.  The  com- 
parison of  the  theoretical  and  observed  values  oi  this  motion  is, 
perhaps,  the  severest  test  to  which  the  Newtonian  law  has  yet 
been  subjected.  That  the  anomalies  proceed  from  the  attrac- 
tion of  unknown  bodies  passing  througn  the  system  seems  ex- 
tremely improbable,  since,  if  they  were  distant,  they  would 
affect  the  earth  and  planets  more  than  the  moon,  while  the  clo- 
ser passage  of  bodies  coiild  scarcely  escape  detection.  Still, 
this  explanation  does  not  admit  of  being  mathematically  dis- 
proved. If  we  attribute  the  deviation  to  the  impact  of  mete- 
oric matter,  we  must  suppose  the  moon  to  have  encountered 
such  matter  in  quantities  nearly  incredible. 

These  three  causes  exhaust  those  on  which  we  can  base  the 
first  explanation,  unless  we  invalidate  the  third  law  of  motion. 
For,  by  that  law,  matter  moves  only  by  the  influence  of  other 
matter.  Other  matter  can  affect  the  motion  of  the  moon  only 
by  impact  and  gravitation.  The  gravitation  of  known  bodies, 
the  gravitation  of  unknown  bodies,  and  the  impact  of  matter  is 
therefore  an  exhaustive  enumeration. 

We  pass  now  to  the  second  explanation  of  the  first  hypothe- 
sis, namely,  errors  or  omissions  in  the  theoretical  computation 
of  the  effect  of  gravitation.  The  wide  difference  between  the 
conclusions  of  Hansen  and  Delaunay  suggests  the  possibility 
that  there  may  be  inequalities  stUl  overlooked.  We  nave  how- 
ever the  assurance  of  Hansen  that  there  are  none,  and  we  shall 
find  it  extremely  difficult  to  introduce  any  periodic  terms  what- 
ever which  will  represent  the  observed  deviation  of  the  moon 
from  the  tables  during  the  past  ten  years,  without  discordance 
during  the  century  previous,  when  the  agreement  of  Hansen's 
tables  with  theory  is  believed  to  be  quite  close.  It  is  however 
hardly  worth  while  to  dwell  upon  this  explanation  until  we 
have  a  more  rigorous  theory  of  the  inequalities  of  long  period 
produced  by  gravitation. 

Considering  that  the  reconciliation  of  theory  and  observa- 
tion is  not  very  probable,  the  second  hypothesis  may  become 
worthy  of  serious  consideration.  If  we  accept  it  we  must  ad- 
mit that  between  the  years  I860  and  1862  the  rotation  of  the 
earth  was  so  accelerated  that  our  reckoning  of  time  is  already 
eight  or  ten  seconds  ahead  of  what  it  would  have  been  had  the 
day  remained  invariable.  Such  an  acceleration  could  proceed 
only  from  a  change  in  the  arrangement  of  the  matter  of  the 
earth.  The  possioility  of  this  effect  being  produced  by  changes 
in  the  quantity  of  ice  accumulated  around  the  poles  nas,  I  be- 
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lieve,  been  pointed  out  by  geologista  But  the  eflfect  of  this 
cause  could  scarcely  be  sensible  But,  if  we  admit  that  the 
interior  of  the  earth  is  a  fluid,  and  also  admit  that  general 
changes  in  the  arrangement  of  this  fluid  are  possible,  we  have 
all  that  is  necessary  to  account  for  considerable  changes  in  the 
rotation  of  the  outer  crust  That  this  fluid,  admitting  its  ex* 
istence^  is  not  in  a  state  of  entire  quiescence  is  rendered  proba- 
ble by  the  phenomena  of  volcanoes  and  earthquakes.  If  we 
suppose  a  large  mass  of  it  to  move  from  the  equatorial  r^ons 
to  a  position  nearer  the  axis,  a  mass  from  the  latter  position 
taking  its  place,  the  following  effects  will  follow : — 

1.  A  diminution  in  the  angular  velocity  of  the  sxu&ce  of 
the  fluid,  accompanied  by  a  corresponding  increase  in  the  velo- 
city of  the  axial  portion.  The  velocity  of  the  outer  crust  will 
then  be  gradually  retarded  by  friction. 

2.  The  gradual  transmission  of  the  increased  rotation  of  the 
central  mass  to  the  surfiswje  by  friction  and  viscosity.  The 
motion  of  the  crust  will  then  be  gradually  accelerated.  The 
velocity  of  rotation  finally  attained  will  be  greater  or  less  than 
the  original  velocity,  according  as  the  radius  of  gyration  of  the 
fluid  mass  is  diminished  or  mcreased  by  the  change  in  the 
arrangement  of  the  fluid. 

I  conclude,  from  this  discussion,  that  we  have  reason  to  sus- 
pect that  the  motion  of  rotation  of  the  crust  of  the  earth  is 
subject  to  inequalities  of  an  irregular  character,  which,  in  the 
present  state  of  science,  can  be  detected  only  by  observations  of 
the  moon.  This  suspicion  can  be  neither  contoned  nor  remov- 
ed until  we  have  more  positive  knowledge  than  we  now  have  of 
the  possible  inequalities  which  may  be  produced  in  the  mean 
motion  of  the  moon  bv  the  action  of  ^vitation. 

The  operation  of  calculating  these  meaualities,  though  com- 
plicated and  difficult,  is  certainly  within  tne  powers  of  analysis, 
when  it  is  completely  and  thoroughly  done,  we  may  ascertain 
whether  the  result  can  be  made  to  represent  observationa  If 
so,  well ;  the  length  of  the  day  is  not  variable,  and  the  future 
positions  of  the  moon  can  be  safely  predicted.  If  not,  it  wiU 
follow  either  that  the  motion  of  the  moon  is  affected  by  other 
causes  than  the  gravitation  of  the  known  bodies  of  the  solar 
system,  or  the  day  is  irregularly  variable. 

By  the  end  of  the  present  century,  if  not  sooner,  we  shall 
have  an  independent  test  of  the  latter  hypothesis,  in  the  agree- 
ment of  the  observed  and  theoretical  times  of  the  transits  of 
Mercury  and  Venus.  K  the  hypoth^is  is  a  true  one,  the  irreg- 
ularities may  ran^e  over  half  a  minute  of  time  in  the  course  of 
a  century,  and  this  quantity  m^ht  be  detected  even  by  merid- 
ian observations  of  the  planets  in  question. 
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Art.  XX. — Besearches  in  Electro-Magnetism;  by  Alfbed  M. 
Mayer,  PLD. 

The  refined  experiments  of  Weber,  Tjudall  and  Knoblauch 
having  ftiUy  established  the  fact  of  the  reversed  polarity  of  a 
bar  of  bismuth,  when  subjected  to  the  magnetizing  influence 
of  a  helix,  the  attention  of  natural  philosophers  is  naturally 
directed  to  the  necessity  of  subjecting  Ampere's  theory  of  mag- 
netism to  as  severe  deauctive  tests  as  can  be  applied.  Thus, 
from  new  experiments  and  lines  of  research  suggested  by  theo- 
retic deduction,  we  may  hope  for  such  addition  to  our  know- 
ledge as  will  evolve  a  theory  which  wiQ  embrace  both  magnetic 
and  diamagnetic  phenomena,  as  completely  as  Amp^'s  oeau- 
tiful  gCDcralization  contains  the  explanation  of  the  magnetiza- 
tion of  iron. 

Among^  other  experiments,  thus  suggested,  was  the  follow- 
ing :  Ascertain  the  relative  forces  of  two  electro-magnetic  cores ; 
one  composed  of  insulated  wires,  the  other  of  the  same  number 
of  similar  wires  uninsulatod. 

Theory  indicates  that  the  insulated  bundle  will  be  found  the 
weaker ;  for,  in  this  case,  we  have  not  only  the  reaction  of  the 
molecular  currents,  but  also,  the  reaction  of  the  infinitelv  larger 
currents  flowing  around  each  insulated  wire.  Also,  admitting 
the  truth  of  the  moleciilar  hypothesis,  we  have  in  the  uninsu- 
lated wire-core  the  interaction  of  exceedingly  small  currents 
separated  by  distances,  great  when  compared  to  their  size ;  while 
in  the  insulated  wire-core  we  have,  in  addition,  very  large  cur- 
rents reacting  at  distances  very  small  when  compared  to  their 
diameters. 

It  was  the  attempt  to  solve  this  problem  which  led  to  the 
invention  of  the  experimental  method  described  in  this  paper ; 
for,  it  will  appear  nirther  on,  that  it  could  not  have  been  at- 
tacked by  methods  heretofore  used.  The  satisfactory  solution 
of  this  question  and  the  ascertained  delicacy  and  precision  of 
the  apparatus  encouraged  me  to  make  other  determinations, 
which  1  here  present ;  not  as  a  finished  and  neatly  rounded  piece 
of  work,  but  as  showing  what  may  be  expected  from  a  more 
complete  discussion  of  the  method  used,  and  from  that  perfect 
experimental  control  of  the  apparatus  which  a  more  extended 
experience  will  give. 

In  my  first  experiments  I  adopted  the  plan  of  Miiller  (Pog- 
gendorff  *s  Annaien,  Bd.  LXXix  and  Lxxxii)  and  tried  the  forces 
of  the  different  cores,  magnetized  in  one  and  the  same  helix, 
by  their  action  on  a  distant  magnetic  needle ;  keeping  the  cur- 
rent, as  far  as  possible,  of  the  same  intensity  during  the  two 
comparison&  This  method  I  found  could  not  serve  the  purpose 
of  measuring  forces  differing  but  slightly  in  intensity ;  and  the 
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impossibility  of  obtaining  a  current  so  constant  as  not  to  pro- 
duce continual  motion  and  vibration  of  the  needle  caused  me  to 
devise  the  following  method,  which  I  have  found  from  expe- 
rience to  be  both  sensitive  and  precise. 

Apparatus  for  the  comparative  measures  of  electro-magnetic  forces. 
— On  a  table  10  ft.  long  was  drawn  a  center  line  and  divided  into 
fractions  of  an  inch.  This  line  was  then  accurately  placed  at 
right  angles  to  the  magnetic  meridian.  Two  helices,  which  I 
designate  as  E  and  W,  were  placed  8  ft.  apart  with  their  axes  in 
the  same  vertical  plane  as  the  above  lina  A  surveyor's  com- 
pass, with  a  sensitive  needle  6*85  in.  long  was  so  arranged  that 
the  point  of  suspension  of  the  needle  could  be  moved  between 
the  helices  in  the  line  of  their  axes.  The  same  battery  current 
passed  through  both  helices,  and  in  such  direction  that  the  N. 
pole  of  each  was  facing  the  needle ;  by  reversing  the  current, 
the  S.  poles  could  be  opposed  to  each  other. 

Both  helices  were  composed  of  10  layers  of  1  inch  "  extra  cov- 
ered" copper  wire,  wrapped  on  copper  spools  of  8f  inches  long, 
1*82  inches  diam.,  and  having  flanges  at  the  ends  1*25  inches 
high.  These  spools,  with  their  flanges,  were  split  in  the  direc- 
tion of  their  length  by  an  opening  of  j\  incL  Each  layer  of 
coils  was  saturated  with  a  thick  solution  of  shellac  in  alcohol  and 
covered  with  thick  paper,  coated  with  shellac,  before  the  suc- 
ceeding layer  was  wrapped. 

Helix  !K  contains  557 '5  feet  of  wire  in  696  turns,  and  on  ac- 
count of  its  better  insiilation  and  neater  number  of  turns  is 
superior  in  strength  to  helix  W.  Helix  W  contains  551  feet 
of  wire  in  688  turns. 

1. 


.a:^ 


The  accompanying  diagram  shows  the  arrangement  of  the 
apparatus.    Helix  E  to  the  east  ol  the  compass ;  helix  W  to  the 
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west ;  at  C  the  compass ;  and  at  G  the  tangent  galvanometer 
sufficiently  removed  irom  E  and  W,  not  to  be  afiected  by  the 
magnetized  cores.     The  Bunsen  battery  is  shown  at  B. 

Each  end  of  the  compass  needle  is  thus  subjected  to  the 
powerful  action  of  two  opposing  forces  and  a  magnetic  couple  is 
thus  formed  whose  equilibrium,  shown  by  the  needle,  is  readily 
disturbed  by  a  change  in  the  relative  forces  of  the  cores  or  by 
a  change  in  the  distance  of  the  needle  relatively  to  the  two 
helicea 

It  was  found  that  when  the  needle  was  placed  at  such  a  posi- 
tion on  the  line  between  the  helices  that  it  stood  at  0°  when  the 
circuit  was  open  or  closed,  and  a  current  passed  from  12  cells 
of  a  Gaiffe  bichromate  battery,  which  was  rapidly  decreasing 
in  electro-motive  force,  the  needle  remained  at  0  for  over  20 
minutes  without  change  or  tremble. 

Now  if  we  can  find  the  law  which  shows  the  variation  of  the 
intensity  of  action  of  the  electro-magnet  on  the  needle  with  a 
change  of  its  distance  from  the  magnetized  core,  we  will  have  a 
system  of  measurement  for  the  electro-magnetic  forces  which 
will  exceed  in  accuracy  and  in  delicacy,  though  be  similar  in 
arrangement,  to  the  best  photometric  processes. 

The  advantages  of  this  method,  as  mw  as  my  knowledge  of  it 
extends,  is  that  you  can  thus  subject  the  needle  to  two  opposing 
actions  of  great  intensity  and  thus  any  minute  difference  in  the 
causes  which  alter  their  relative  intensities  will,  on  account  of 
the  nearness  of  the  needle  to  the  helices,  give  a  deflection  which 
would  be  inappreciable  in  the  methods  heretofore  used ;  and 
above  all,  the  same  current  traversing  both  helices  will,  even  if 
inconstant  and  fitful,  affect  both  proportionately  and  the  needle, 
as  seen  above,  will  preserve  a  fixed  position  at  0°  under  these 
circumstances. 

The  law  of  variation  of  the  intensity  of  the  force  with  a  change  of 
distance. — ^To  find  the  law  of  variation  of  tne  force  with  the  dis- 
tance from  the  pole  of  the  core  (which  as  is  well  known  exists 
in  the  plane  of  the  end-coils  of  the  helix)  the  following  experi- 
ments were  made. 

A  core  10  in.  long  and  1'64  in.  in  diameter  composed  of  400 
soft  well  annealed  iron  wires,  was  placed  in  helix  E  and  the 
plane  of  the  ends  of  the  wires  facing  the  needle  were  brought 
into  the  plane  of  the  end  coils  of  the  helix.  The  center  of  the 
compass  needle  was  placed  at  distances  of  4,  5,  6,  7  and  8  ft 
from  the  end  of  the  core ;  the  needle  brought  to  0**  at  each  of 
these  positions  by  the  action  of  terrestrial  magnetism  and  the 
current  passed  from  seven  new,  fi^eshly  amalgamated  Bunsen- 
cells ;  as  soon  as  the  needle  had  come  to  rest  the  angle  of  deflec- 
tion was  read  and  at  the  same  time  the  tangent  galvanometer 
was  noted. 
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The  following  table  gives  the  results,  each  nuinber  being  the 
mean  of  four  experiments. 

Column  (1)  gives  the  distance  of  the  center  of  needle  from 
core ;  (2)  the  readings  of  the  tangent  galvanometer ;  (8)  the  de- 
flection of  the  compass  needle  for  the  distances  given  in  column 
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(1) ;  the  nat  tangs,  of  the  angles  of  (8) ;  (5)  the  products  of  the 
nat  tans,  of  the  angles  of  deflection  bv  the  cubes  of  the  distances 
in  (1) ;  these  products  being  obtained  by  multiplying  the  nat 
tan.  of  each  an^le  of  deflection  bv  the  corresponding  distance 
from  the  core  raised  to  the  cube,  snould,  if  the  law  followed  the 
reciprocals  of  the  cubes,  be  equal ;  column  (6)  ^ves  the  pro- 
ducts of  the  nat  tangs,  of  the  needle  deflections  mto  their  cor- 
responding distances  from  the  core  raised  to  the  2'7404  power ; 
(7)  contains  the  differences  of  each  product  of  (6)  fix>m  •Y88836 
the  nat  tan.  of  88°  15'.  If  the  experiments  had  been  more  ex- 
tended these  differences  would  have  been  smaller ;  as  it  is,  they 
are  not  great,  and  greater  approximation  cannot  be  obtained  witn 
three  decimals  in  the  exponent  of  the  power,  and  this  d^ree  of 
accuracy  is  all  the  determinations  wOl  allow.  The  sum  of  the 
H-  departures  equals  -008857,  that  of  the  —  departures  equals 
•008661,  their  difference  is  -f000206. 
We  can  therefore  assume  that  the  intensity  of  the  Jbrce  (for  this 

apparatus)  varies  inversely  as  the  2'740^  power  {or  as  cP''^^^'^  of 
the  distance  from  the  core. 

Experiments  on  the  comparative  strengths  of  cores  formed  of  in- 
sulate and  uninsulated  wires, — The  wire  used  in  these  experi- 
ments was  of  the  best  soft  iron  and  of  two  diameters,  ^^  ana  jV 
incL  The  wire  was  cut  into  lengths  of  10  in.  and  then  placed 
in  iron  tubes,  (to  keep  them  fix)m  the  action  of  the  aiA  and 
heated  to  bright  redness ;  the  tubes  were  then  covered  thickly 
with  lime  and  allowed  to  cool  slowly.  This  process  was  twice 
repeated  on  all  the  wire  and  iron  tubes  and  cylinders  "used  in 
this  investigation,  and  they  were  found  after  magnetization  to 
have  very  little  residual  nu^etism.  The  caution  however 
was  taken  always  to  present  the  same  end  of  a  core  toward  the 
needle ;  thus  all  the  cores  were  placed  in  the  same  circumstances. 
Tlaree  cores  were  made  of  each  size  wire.  Each  core  of  the  yV 
wire  contained  100  pieces,  while  each  core  of  the  jV  ''^^  con- 
sisted of  400  wirea  The  wires  of  one  core  of  each  size  ime^ 
(after  having  been  tested,  as  in  Ex.  7,  that  they  were  equally 
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affected  in  the  same  circumstances  of  magnetization),  were  insu- 
lated by  dipping  them  separately  into  parafine,  melted  in  a  tube 
about  12  in.  lonff,  and  were  thus  uniformly  coated  with  a  firm 
layer  of  that  substance.  They  were  then  closely  tied  together 
into  bundles  by  means  of  silken  thread.  The  helices,  in  all  the 
experiments  on  the  cores,  were  placed  8  feet  apart 

To  abbreviate  the  descriptions  of  the  experiments  we  will  always 
place  the  E  helix  east  oi  the  compass  and  the  W  helix  west, 
and  to  indicate  the  deflection  of  the  needle  we  will  use  such  ex- 
pressions as  **S.  17®  W."  which  means,  S.  end  of  Tieedk  deflect- 
ed 17°  W.  or  toward  helix  W.  In  the  case  of  N.  poles  facing 
the  compass  the  above  expression  would  show  that  the  core  of 
helix  W  was  stronger  than  that  of  helix  E.  If  the  current  was 
reversed  it  would  mdicate  that  the  E  helix  was  the  stronger. 
When  not  otherwise  stated  it  wiU  be  understood  that  the  N. 
poles  of  the  helices  face  the  needle,  and  therefore  the  expression 
given  of  the  deflection  will  always  show  which  of  the  cores  has 
the  greater  action  on  the  needla  To  designate  the  different 
wire-cores  we  will  use  "  100  or  400  TJC  "  or  "  100  or  400  I C," 
which  respectively  mean,  the  uninsulated  core  of  100  or  400  wires 
and  the  insulated  core  of  100  or  400  wires.  T.  G.  stands  for  tan- 
gent galvanometer. 

Eo^eriment  1.  Helices  alone,  without  cores.  Needle  placed 
midway  between  helices  and  brought  to  0®.  Current  passed  from 
lOBunsencelk    Needle  S.  4°  E.    T.  G.  58^ 

Bkc  2.    Reversed  current  S.  4°  W.    T.  G.  58^ 

Ex,  8.  Moved  needle  toward  W.  helix  so  that  it  stood  at 
0**  when  circuit  was  open  or  closed.  Distance  from  E  helix 
=  52-77  in.  T.  G.  58.  Expts.  1,  2  and  3  show  that  E  helix  is 
the  stronger. 

Ec  4  Three  cores  of  400  wires  each,  one  of  insulated  wires, 
were  compressed  to  exactly  the  same  diameter  of  1*64  ins.  An 
uninsulated  core  was  placea  in  each  helix,  and  the  needle  brought 
to  0°,  midway  between  the  helicea  Current  passed  S.  27**  E. 
T.  G.  50^ 

Ex,  5.     Current  reversed  S.  27**  W.     T.  G.  50^ 

Ex,  6.  Other  circumstances  remaining  as  in  (4)  moved  needle 
toward  W  helix  until  it  stood  at  0**  when  circuit  was  open  or 
closed.  Needle  distant  from  E  helix  55;6  in.  T.  G.  46^ 
Expt  repeated  many  times,  with  current  direct  and  reversed, 
witn  the  same  result  • 

Ex,  7.  Interchanged  the  cores  in  the  helices.  Current  passed. 
Needle  still  at  0^  T.  G.  48^  Current  reversed  Needle  at  0^ 
This  shows  that  the  cores  were  equally  affected  in  the  same 
circumstances. 

Ex.  8.  Replaced  E  core  by  the  insulated  core  of  400  parafined 
wires.  Needle  having  remained  in  same  position  as  in  (6)  and 
(7).    Current  passed.    S.  55'  W.    T.  G.  46^ 
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Ex.  9.     Current  reversed  S.  56'  E.     T.  G.  46^ 

Expts.  8  and  9  repeated  several  times  with  same  results,  show- 
ing that  the  insulated  core  was  the  weaker. 

Mc.  10.  Moved  needle  toward  E  helix,  which  contained  the 
400  insulated  wires,  until  it  stood  at  0*^  when  circuit  was  open 
or  closed.     In  this  position  needle  was  65*4  in.  fix>m  E  helix. 

The  100  wire-cores  substituted  for  the  400  wire-cores  gave 
similar  results  only  differing  in  degree. 

It  is  very  important  to  remark  that  errors  may  be  introduced 
into  such  determinations  as  the  above,  by  not  taking  care  to 
have  the  various  cores  which  we  compare  of  exactly  the  same 
diameter.  To  show  the  effect  of  a  change  of  diameter  in  the 
same  bundle  of  wires  the  following  experiment  was  made. 

Mc  11.  The  two  cores  of  400  uninsulated  wires  of  1*64  in. 
diameter  were  placed  in  the  helices  and  needle  brought  so  that 
it  stood  at  0^  when  circuit  was  open  or  closed.  The  E  core  was 
now  so  firmly  compressed  that  its  diameter  was  reduced  to  1-48, 
and  replaced  in  E  helix,  otherwise  the  circumstances  were  the 
same.  Current  passed.  S.  1°  15'  W.,  showing  a  consider- 
able diminution  in  the  magnetic  force  of  the  compressed  core ; 
and  also,  beautifully  exhibiting  the  surface  action  of  magnetic 
force. 

It  will  be  observed,  in  the  above  comparative  experiment, 
that  the  two  uninsulated  wire-cor^  were  of  exactly  the  same 
strength  when  equally  magnetized,  (Ex.  7.)  and  that  one  of  them 
remamed  in  the  W  helix  as  unit  of  commtrison  to  the  uninsu- 
lated and  insulated  cores  placed  in  the  E  helix.  This  method 
is  necessary  when  the  magnetizing  effect  of  the  helices  are  not 
the  sama  The  uninsulated  core  which  remains  in  the  W  helix 
stands  in  the  place  of  the  "  unit-candle  "  in  Bunsen's  method  of 
photometry,  and  the  needle  which  is  moved  to  such  a  j>osition 
Detween  the  helix  that  it  remains  at  0^  when  the  circuit  is  open 
or  closed  is  the  equivalent  of  the  paper  screen  with  its  central 
translucent  circle.  But  if  it  should  nappen  that  when  the  needle 
is  placed  midway  between  two  similar  helices  that  it  remains 
at  0°  when  the  circuit  is  open  or  closed,  then  two  cores  would 
answer  the  purpose. 

Ckilcv^lation  of  the  relative  forces  of  the  uninsulated  and  insulated 
cores. — ^The  data  for  the  calculation  are  given  in  Experiments  6 
and  10. 

W.UC  :  E.UC  : :  40-4»^^  :  55 #^*^  :  1 :  2-89925. 
W.UC  :  E.IC   ::  40-6*^  :  55 ^^^  :  1 :  2-84874. 

Hence  Uninsulated  Core  \  Insulated  ftwe::!-:  0-9768. 

The  insulated  core  is  therefore  -02818  weaker  than  the  unin- 
sulated. 

In  Expts.  8  and  9  it  was  seen  that  the  above  difference  of 
•02818  in  magnetic  force  caused  a  deflection  of  55'  in  the  com- 
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pass  needle,  and  as  8'  or  even  less  of  deflection  can  be  accurate- 
ly read  it  follows  that  a  diflFerence  of  tot^Ii  in  the  magnetic 
iorce  of  the  two  cores  can  be  detected  and  measured  by  this 
method.  This  example  will  convey  an  idea  of  the  delicacy  and 
accuracy  of  this  plan  of  measurement,  which  no  doubt  can  be 
increased  by  the  careful  selection  of  the  proper  force  of  current, 
distance  of  nelices  and  other  related  functions  of  the  apparatus 
It  thus  appears  that  this  result  sides  with  the  theory  of  Am- 

Jfere,  and  also,  to  my  mind,  points  to  that  postulate  of  the  atomic 
pyothesis  which  states  that  the  atoms  of  bodies  are  separated 
from  each  other  by  distances  which  are  great  when  compared  to 
the  size  of  these  atoms. 

Attempts  to  determine  what  thickness  of  tube  infraction  ofitsdi- 
ameteTj  is  equal  to  a  solid  cylinder  of  tlie  same  diameter, — ^According 
to  the  theory  of  Ampere,  the  magnetization  of  a  bar  of  steel,  or 
of  an  iron  core  subjected  to  a  helical  current  of  electricity,  is  due 
to  the  surface  currents,  which  are  the  resiiltants  of  the  interac- 
tion of  all  the  molecular  currents  in  the  interior  of  the  bar.  It 
is  therefore  exceedingly  interesting  in  a  theoretic  point  of  view 
to  determine  accurately  what  thickness  of  tube  is  equivalent  to 
a  solid  cylinder  of  the  same  length  and  diameter.  The  experi- 
ments of  Barlow,  Harris,  de  Haldat,  and  of  Du  Moncel  have 
shown  the  truth  of  this  deduction- 
There  is  evidently  a  certain  thickness  required  to  develope 
an  equivalent  action,  but  a  certain  portion  of  the  interior  of  an 
electro-magnetic  core  can  be  removed  without  diminishing  its 
force  when  in  a  condition  of  ^^  saturation."  This  determination 
will  therefore  inform  us,  (accepting  the  hypothetical  theory  of 
Ampere),  what  central  currents  are  prevented  by  their  inter- 
action from  aflfecting  the  resultant  simace  currents  of  the  bar ; 
and  it  appears  to  me  that  we  shoiild  express  the  result  in  terms 
of  the  central  cylinder  which  can  be  removed  and  not  of  a  certain 
thickness  of  tube  which  remains. 

Out  of  well  annealed  sofl  iron  a  series  of  tubes,  10  in.  long, 
were  turned  so  that  they  fitted  closely  into  each  other ;  into  the 
innermost  tube  slid  a  solid  iron  core  of  "88  in.  diameter.  The 
diameter  of  the  outer  tube  was  1-68  in.  With  this  construction 
of  core,  tubes  of  various  thicknesses  could  be  rapidly  produced 
%  and  compared  in  effect  Two  such  cores  were  constructed. 
JEx,  12.  400  uninsulated  wire-core  in  W  helix ;  in  E  helix 
was  placed  the  combination  of  tubes  and  core.  Needle  brought 
to  such  a  position  that  it  stood  at  0°  when  circuit  was  open  or 
closed.    T.  G.  46^ 

JSx.  18.     Removed  inner  core  and  tubes,  and  drilled  out  the 
innermost  remaining  tube  until  the  thickness  of  the  combina- 
tion tube  was  }  of  its  diameter.     Current  passed.     Needle  re- 
Am.  Joub.  Sol— Seoond  Sebibs,  Vol.  L,  Na  149.— Sept.,  1870. 
13 
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mained  at  0^     On  fiirther  decreasing  the  thickness  the  S.  end 
of  the  needle  was  deflected  toward  the  W  helix.     T.  Or.  46°. 

It  thus  appears  that  a  tube  of  this  size  having  a  thickness  of 
}  of  its  diameter  is,  when  magnetized  with  this  strength  of  cur- 
rent (8  cells,  T.  G.  46°)  equal  in  eflfect  to  a  solid  cylinder  of 
the  same  diameter. 

Kt,  14.  Another  tube  was  constructed  having  a  diameter  of 
1*8  in.  and  a  thickness  of  }  the  diam.  Into  tms  tube  slid  a 
solid  core.  Placing  the  uninsxdated  wire-core  of  400  in  W.  he- 
lix and  tube  with  inner  core  in  E.  helix,  the  needle  was  placed 
so  that  it  stood  at  0°  when  circuit  was  open  or  closed.  T.  G. 
46°. 

Mc  15.  Withdrew  inner  core.  Current  passed.  S.  40'  W. 
T.  G.  46°.  Thus  a  tube  of  the  above  diameter,  having  a  thick- 
ness of  J  of  its  diameter  is  not  equal  to  a  similar  solid  cylinder. 
This  subject  will  therefore  have  to  be  the  object  of  further  in- 
vestigation. 

Thmking  that  in  the  case  where  a  current  did  not  saturate 
the  above  tube  it  would  equal  the  solid  cylinder,  the  following 
experiments  were  mada 

JSc  16.  The  tube  used  in  (14)  was  placed  with  inner  core 
in  E.  helix,  and  a  similar  tube  and  core  in  W.  helix^  and  the 
needle  placed  so  that  it  stood  at  0°  when  circuit  was  open  or 
closed.     A  current  from  4  cells  was  passed.     T.  G.  82°. 

Mc  17.  Solid  core  removed  from  tube  in  helix  E.  Needle 
remains  at  0°.  Hence  for  this  strength  of  current  (T.  G.  82°) 
the  tube  is  equal  to  an  equivalent  solid  cylinder. 

Ex,  18.  Other  things  remaining  as  in  (17)  a  current  from  6 
cells,  T.  G.  87°,  was  passed  through  helices.     Needle  S.  2'  W. 

Ec.  19.  Current  passed  from  6  cella  T.  G.  40^  Needle  S. 
15' W. 

Ex.  20.  Current  passed  fix)m  7  cells.  T.  G.  42°.  Needle 
S.  20'  W. 

Ec  21.  Current  passed  from  8  cells.  T.  G.  44°.  Needle  &  40^ 
W.  It  is  clearly  seen  from  above  experiments  that  with  a  current 
of  T.  G.  82°  the  tube  is  eaual  to  the  similar  solid  cylinder,  but 
on  gradually  increasing  tne  current  up  to  T.  G.  44°  that  the 
tube  fialls  more  and  more  below  the  strength  of  the  cylinder, 
and  the  needle  is  again  deflected  S.  40'  W.  toward  the  cylinder 
with  that  current  Therefore  in  determining  what  portion  of 
the  interior  of  a  cylinder  can  be  removed  so  that  what  remains 
shall  equal  the  solid  cylinder  we  should  see  liiat  the  tube  is 
. "  saturated,"  otherwise  tne  comparison  does  not  solve  the  prob- 
leuL  Whether  this  condition  was  fulfilled  in  Expt  18  was  not 
ascertained. 

In  Daguin's  Traiti  de  Phystmie,  voL  iii,  p.  615,  Paris,  1861, 
we  read :  "  M.  Du  Moncel  finds  that  it  is  necessary,  in  order 
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that  the  magnetization  [of  a  tube]  may  remain  the  same  as  a 
solid  cylinder,  that  the  thickness  should,  be  at  least  |  that  of  the 
radius  of  the  cylinder."  I  have  not  seen  Du  Moncel's  research 
on  this  subject  and  do  not  know  the  method  he  adopted  in 
comparing  the  magnetization,  but  I  think  that  his  estimated 
fraction  of  i  of  the  diameter  is  too  low,  as  Ex.  18  clearly  shows. 
The  cause  of  this  error,  I  imagine,  resides  in  the  fact  that  he 
used  a  current  not  sufficient  to  saturate  the  tube  and  cylinder, 
and  thus  his  determination  would  be  explained  by  Expta  15 
to  21. 

This  subject  is  worthy  of  careftd  research,  and  its  theoretical 
bearings  on  the  subject  of  magnetism  are  very  interestiuj?.  My 
experiments  thus  far  cause  me  to  doubt  if  any  constant  traction 
of  the  diameter  will  be  found,  but  that  this  fiction  will  depend 
upon  the  diameter  of  the  tube ;  being  larger  as  the  tube  is  smaller. 

Experiments  on  a  Tube  slit  longitudinally, — To  determine  the 
influence,  if  any,  of  destroying  the  continuity  of  the  exterior 
surfiwe  of  a  tuhie  by  a  longitudinal  slit,  I  obtained  a  tube  of  weU 
annealed  iron,  1*68  inch  in  exterior  diameter,  16  in.  thick  and 
10  ins.  long,  and  slit  it  in  its  whole  length  by  an  opening  ^V 
inch  wide.  This  opening  could  be  closed  at  pleasure  by  plac- 
ing in  it  a  tightly  ntting  piece  of  iron  10  in.  long. 

Ex.  22.  The  above  tuoe,  with  the  sUt  closed,  was  placed  in 
the  E.  helix  and  the  400  U.  C.  in  the  W.  helix,  and  needle 
brought  to  such  a  position  between  them  that  it  stood  at  0° 
when  circuit  was  open  or  closed.     Eight  cells  of  Bunsen.  T.  G. 

Ex.  28.  Slit  opened  by  removing  the  piece  of  iron.  The 
needle  remains  at  0^     T.  Gt.  46°. 

Expts.  22  and  28  repeated  several  times  with  the  same  result 

In  the  accompanvinff  diagrams  is  shown,  according  to  the 
theory  of  Ampfere,  the  o&rection  of  the  circulation  of  the  exterior 
and  interior  surfSswe-currents.  It  is  seen  that  in  both  cases  the 
interior  surface  current  circulates  in  an  opposite  direction  to  the 
exterior  current ;  and  that  when  the  tube  is  slit  longitudinally 
the  circulation  is  not  cut  off  but  Jacilitated  by  the  joining  of  the 
exterior  and  interior  surfaces.  It  is  therefore  natural  to  suppose 
that  on  account  of  this  facility  afforded  to  the  circulation  that 
a  quicker  magnetization  and  demagnetization  will  occur  in  the 
split  than  in  the  closed  tube ;  but  no  difference  is  found  in  the 
magnetic  force  of  the  two  tubes,  for  the  loss  in  surfiace  by  the 
slit  seems  made  up  in  the  greater  facility  of  circxdation. 

I  would  therefore  suggest  that  the  cores  of  the  electro-mamets 
of  astronomical  chronographs  and  of  telegraph  instruments  be  of 
soft  well  annealed  Norway  iron,  made  into  tubes  having  a  thick- 
ness of  i  of  their  diameters,  and  sHt  longitudinally  by  a  narrow 
opening. 
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On  the  Tnagnetic  condition  of  the  interior  surfojce  of  a  tube. — 
Referring  to  fig.  2  it  will  be  seen  liiat  the  Amperean  currents  on 
the  interior  surfSace  of  a  tube  flow  in  a  direction  contrary  to 
those  on  the  exterior.  The  magnetic  condition  of  this  sumce 
was  therefore  an  extremely  interesting  point  for  investigation ; 
it  has  been  the  subject  of  over  two  hundred  experiments, 
and  is  by  far  the  most  difficult  research  mentioned  in  this 
paper. 

In  my  first  experiments,  steel  rods  and  iron  cores  were  intro- 
duced into  soft  ux)n  tubes  which  were  then  placed  in  helix  R 
The  current  was  then  passed  and  the  tube  with  enclosed  core 
very  slowly  withdrawn.  The  steel  or  iron  core  was  then  re- 
moved fix)m  the  tube  and  tested  by  placing  it  to  the  W.  of  the 
center  of  a  compass  needle.  The  magnetic  force  of  the  core 
was  then  compared  with  what  it  had  before  it  was  introduced 
into  the  tube.  This  method  was  thoroughly  tested  by  withdraw- 
ing tube  and  core  both  before  and  after  contact  was  broken  in 
the  helix,  but  no  decisive  conclusions  could  be  drawn  because 
the  effect  of  the  inductive  action  which  took  place  when  the 
core  was  withdrawn  from  the  tube  changed  the  magnetic  rela- 
tions which  existed  while  the  core  was  in  the  tuba 

The  following  method  was  then  devised.  Two  tubes  of  very 
soft  iron  were  constructed,  having  both  an  internal  diameter  of 
'84  inch,  and  one  an  external  diam.  of  108  inch,  the  other  of 
1*81  inch.  Both  tubes  were  9  in.  long.  One  hundred  and 
twenty  well  annealed  iron-wires  a  little  less  than  9  in.  long 
were  tightly  bound  together  by  silken  cord  and  then  wrapped  in 
six  thicknesses  of  writing  paper,  so  that  the  wire  core  fitted 
neatly  the  interior  of  the  tubes. 

The  wire  core  was  now  deprived  as  far  as  possible  of  magnet- 
ism by  passing  a  weak  magnet  over  it,  and  could  thus  be  so 
reduced  that  it  caused  a  deflection  of  only  1**  when  placed  7*6 
in.  W.  of  the  center  of  a  surveyor's  compass  needla    By  now 
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inverting  the  core  in  the  line  of  the  dipping-needle  this  small 
residual  magnetism  could  be  reduced  to  10'  or  15'  deflection, 
and  in  some  experiments  even  a  reversed  magnetization  was 
thus  produced.     The  core  was  now  handled  very  carefully  to 

Erevent  all  vibrations  or  blows,  and  placed  in  an  E.  and  W. 
orizontal  Una 

The  tube  was  placed  in  helix  E  and  the  current  passed.  It 
was  then  very  slowly  and  steadily  withdrawn,  so  as  gradually  to 
let  down  its  magnetism,  the  tulJe  removed  several  feet  from  the 
helix  and  the  current  broken.  This  operation  was  repeated 
until  the  tube  had  attained  as  high  a  degree  of  magnetization  as 
could  be  given  to  it  with  the  same  constant  current  in  the  he- 
lix, and  a  farther  repetition  of  the  process  caused  no  increased 
deflection  in  the  needle.  The  tube  was  then  careftdly  placed 
in  an  E.  and  W.  horizontal  line  and  the  core  slowly  introduced, 
and  so  that  the  S.  pole  of  the  core  was  in  the  S.  ena  of  the  tuba 
It  is  important  in  all  these  manipulations  to  keep  the  core  and 
tube  in  a  horizontal  plane,  for  if  they  are  inclined  to  the  horizon, 
during  the  experiment,  the  magnetic  condition  is  changed  and 
the  operations  nave  to  begin  anew.  The  degree  of  susceptibil- 
ity of  very  soil  iron  to  a  change  of  inclination  can  only  be  ap- 
preciated by  those  who  make  the  triaL 

The  tube  with  enclosed  wire-core  was  now  introduced  into 
the  helix  and  the  current  passed ;  then  withdrawn,  and  this  re- 
peated (as  in  the  above  process  on  tubes  alone),  until  the  needle- 
deflection  showed  no  increase  of  magnetic  force.  This  deflec- 
tion was  then  compared  with  that  previously  produced  by  the 
tube  acting  alona 

Now  if  the  interior  electric  currents  really  flow  as  Ampere's 
theory  states,  then  when  the  core  is  in  the  tube  and  the  maxi- 
mum magnetization  reached,  the  combined  effect  of  tube  and 
enclosed  core  on  the  needle  should  be  less  that  given  by  the 
tube  alone  without  the  central  core ;  for,  in  the  former  case  the 
core  has  a  magnetism  given  it  the  reverse  of  the  tube;  i  a,  sup- 
posing marked  end  of  tube  S  and  marked  end  of  introduced 
core  S,  then,  after  magnetization  in  the  helix,  the  marked  end 
of  core  is  N  and  will  therefore  neutralize  a  portion  of  the  tubers 
action  on  the  needle.  Now  this  was  found  to  be  invariably  the 
case  in  all  the  experiments  made ;  and  how  can  it  otherwise  be 
explained.  It  is  Known  that  the  combined  force  of  two  mag- 
nets with  like  poles  placed  together  is  less  than  the  sum  of  the 
forces  of  the  separate  bars  separately  measured ;  but  the  force 
of  the  two  together  is  always  greater  than  that  of  one  alona 
But  we  here  have  a  tube  and  enclosed  insulated  core  with  like 
poles  together  giving,  after  magnetization  (in  the  same  conditions 
exactly  as  that  given  to  the  tube  alone)  a  less  effect  than  that 
given  by  the  tube  alona     Therefore  these  fects  show,  to  my 
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mind,  that  the  deduction  fix)m  Ampere's  theory  is  verified  by 
experiment ;  and  that  we  have  succeeded  in  giving  to  a  core  in 
the  interior  of  a  tube  a  polarity  the  reverse  of  that  given  to  the 
tube  itself 

We  here  present  the  following  experiments,  which  are  typical 
of  all  made ;  the  others  only  diflfering  in  q^uantity  with  a  cnange 
of  distance  from  the  needle  and  a  change  m  the  intensity  of  me 
current  in  the  helix. 

The  marked  ends  of  tubes  were  S.  poles,  and  S.  10°  E. 
means  that  when  tube  or  core  or  both  were  placed  W.  of  the 
center  of  the  compass-needle  that  the  S.  end  of  needle  was  de- 
flected 10°  E.  If  the  same  end  is  deflected  W.  then  the  marked 
end  is  a  N.  pola 

JEx.  24.  Experiments  with  tube  of  1-08  in.  diam.  is  given 
under  column  A ;  those  with  tube  of  1*31  in.  diam.  under  col- 
umn B.  Tangent  galvanometer  in  all  the  experiments  was  at 
80°.    Tube  and  core  placed  7i  inches  W.  of  needla 

Marked  end  of  tube  placed  in  S.  pole  of  helix  and  A  B 

withdniwn  (as  descibed  above).  Repeated  6  times  S.  17°  18'  E.      S.  21°  40'E. 

Introduced  tube  again  and  withdrew **  17    30"        "21    40    " 

•*            *•        "       •«            "        "17    30  •*        "21    40    " 

Core  placed  W.  of  needle «♦    0    33  '*        "    0    18    •* 

Core  slowly  and  steadily  introduced  into  tube  so  that 

S.  end  of  core  was  in  S.  end  of  tube ;  then  tube  and 

core  introduced  into  helix  E.  and  withdrawn  6 

times "16     2  "        "20    18    " 

Introduced  and  withdrew  tube  and  core  again "16    13  "        "20    18    " 

•«            "          »*            "       "       •*        "   «•  16    16  "        "20    18    " 

*•            »*          "            »*      *»      »*        »*   *•  16    16  **        "20    18    " 

While  tube  remained  in  position  W.  of  compass  the 

core  was  slowly  withdrawn  from  the  tube.    Tube 

now  alone  deflected "17    40  "        "21    38    " 

Core  now  alone  deflected "    0    60  "        "    0    lOW. 

Eeferring  to  Expts.  A  and  B  it  is  seen  that  when  the  tubes 
were  magnetized  alone  as  fully  as  can  be  by  the  current  (of  T. 
Q.  80°)  through  the  helix,  they  deflect  the  needle  in  Exp.  A 
V  15'  more  and  in  Exp.  B  1°  22'  more  than  when  the  tubes 
with  enclosed  cores  acted  together  on  the  needle  after  having 
been  magnetized  in  exactly  the  same  circumstances ;  also,  that 
when  the  tubes,  remaining  undisturbed  in  their  position,  W.  of 
the  needle,  had  the  cores  withdrawn,  the  needle  was  deflected 
1°  25'  more  in  Exp.  A  and  1*^  20'  more  in  Exp.  B  than  when  the 
tubes  with  enclosed  cores  both  acted  upon  the  needla 

In  the  break-circuit  experiments  the  effects  are  more  compli- 
cated by  reason  of  the  instantaneous  and  intense  extra-current 
in  the  helix  which  causes  a  sudden  inductive  action  on  the  tube 
and  core,  and  thus  other  actions  are  introduced  which  are  foreign 
to  the  object  of  the  investigation.  I  have  therefore  only  given 
examples  of  the  make-circuit  experiments,  though  the  others 
showed  even  a  greater  difference  between  the  action  of  the  tube 
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alone  and  the  tube  and  core  together ;  this  difference  amounting 
in  some  experiments  to  5^. 

After  the  results  of  the  above  experiments,  it  occurred  to 
me  to  investigate  the  action  of  a  heltx  introditced  into  the  tube, 
and  to  ascertain  if  a  magnetism  could  be  given  to  the  tube  the 
reverse  of  that  which  is  induced  when  the  helix  surrounds  it 
The  former  experiments  show  that  the  tube  can  give  a  reversed 
magnetism  to  an  enclosed  core,  and  we  will  now  see  that  a 
helix  can  effect  a  reverse  magnetism  on  a  surrounding  tube. 

The  first  Expts.  were  made  with  opposing  helices,  one  being 
helix  E  with  the  400  wire  core,  the  other  a  tube  of  soft  iron  9 
in.  long,  1'8  in.  external  diam.  and  '12  thick,  around  which  was 
wrapped  a  helix  of  one  layer  of  148  turns  of  ^V  ^^^^  wire»  ^^^ 
in  its  interior  fitted  a  helix  also  of  one  layer  148  turns  of  the 
same  wire  wrapped  upon  a  cylinder  of  wood.  This  last  I  will 
call  the  inner  helix,  the  other  the  outer  helix. 

Hx.  25.  The  inner  helix  was  placed  in  the  circuit  (near  the 
battery,  far  removed  from  the  compass)  and  the  compass  was  so 

? laced  that  its  needle  stood  at  0^  when  cii'cuit  was  open  or  closed, 
'he  inner  helix  was  now  placed  inside  the  tube  and  the  current 
passed  through  helix  E  and  the  outside  helix ;  and  also  through 
the  inside  helix  in  a  direction  the  same  as  the  current  in  the 
outer  helix ;  and  the  needle  was  noted.  The  current  was  now 
reversed  in  the  inner  helix  and  needle  again  noted ;  but  as  the 
opposing  helices  were  8  fl.  apart,  and  the  current  not  strong,  no 
eSect  (after  allowance  made  for  direct  action  of  inner  helix  on 
needle)  was  obtained  from  the  action  of  the  inner  current 

jEbs.  26.  I  then  devised  the  following  experiment  The  op- 
posing helix  E  with  400  wire-core  was  removed  and  the  compass- 
needle  brought  to  0°  by  the  action  of  the  earth*s  magnetism. 
The  iron  tube  was  then  placed  1  foot  W.  of  center  of  needle  with 
its  S.  pole  toward  the  compass.  The  deflection  produced  by  its 
magnetism  was  S.  4^  40'  E.  The  inner  helix  was  now  placed 
in  the  position  W.  of  the  compass  previously  occupied  by  the 
tube  and  the  current  passed  so  that  its  S.  pole  was  opposed  to 
the  needle ;  the  deflection  was  S.  8°  13'  E.  I  now  placed  the 
helix  in  the  tube  and  both  1  ft.  W.  of  needle  and  passed  current 
so  that  S.  end  of  helix  was  in  S.  end  of  tubea  The  deflection 
produced  was  S.  4°  50'  E. 

From  above  it  is  seen  that  when  tube  and  inner  helix  act 
together  on  the  needle  the  deflection  is  only  10'  greater  than 
when  the  tube  acts  alone,  although  the  helix  acting  alone  causes 
a  deflection  of  3°  13'.  The  neutralization  of  such  a  quantity  of 
magnetism  can  only  be  accounted  for  by  the  fact  that  the  great- 
er part  of  the  magnetism  of  the  tube  was  reversed  by  the  action 
of  the  heliacal  current  on  the  inner  surface  of  the  tube. 

Ex.  27.     To  obtain  directly  a  reversed  magnetism  by  the 
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action  of  the  (mtside  of  the  heUx  the  following  experiments  were 
made.  Several  wires  9  in.  lone  and  ,V  ii^ch  diam.  were  heated 
in  a  cupel  furnace  to  bright  redness  and  slowly  cooled ;  one  end 
of  each  wire  was  then  marked  A  wire  was  then  taken  and 
placed  with  its  marked  end  2*75  in.  W.  of  the  center  of  the 
compass-needle  and  the  deflection  produced  was  S.  18'  K,  show- 
ing that  the  marked  end  was  a  feeble  S.  pole.  A  current  was 
now  passed  through  the  inner  helix  ana  the  wire  laid  upon 
it  so  that  its  marked  or  S.  end  was  upon  the  S.  pole  of  the  helix, 
after  remaining  here  for  a  few  moments  it  was  conveyed  to  the 
compass  and  placed,  as  before,  with  its  marked  end  2*75  in.  W. 
of  the  center  of  the  needla  The  deflection  was  now  S.  28'  W., 
showing  that  the  magnetism  of  the  wire  had  been  reversed  and 
that  a  wire  placed  on  the  (mtside  of  a  helix  has  given  to  it  a 
magnetism  tne  reverse  of  that  given  when  it  is  placed  inside. 

Sx.  28.  Twelve  wires  were  now  placed  witn  their  marked 
ends  8^5  in.  W.  of  the  needle,  and  the  deflection  being  S.  8'  K 
showed  that  their  marked  ends  had  a  slight  S.  magnetism.  They 
were  now  removed  and  placed  with  their  marked  ends  on  the  N. 
pole  of  the  helix  at  equal  distances  from  each  other  around  the 
helix,  through  which  a  current  was  passing ;  they  were  then  re- 
moved from  the  helix  before  the  current  was  broken  and  again 
placed  in  their  former  position  8  "25  W.  of  the  compass-needle. 
The  deflection  was  now  S.  55'  K,  showing  that  their  marked 
ends  were  of  south  magnetism.  They  were  again  placed  on  the 
helix  with  their  marked  ends  on  its  o.  pole  and  removed,  as  be- 
fore ;  they  now  deflected  the  needle  S.  20'  W.,  showing  that  their 
marked  ends  were  now  N.,  their  magnetism  having  been  reversed. 

Mc.  29.  The  inner  helix  alone  was  placed  1  foot  W.  of  needle 
and  the  current  passed  so  that  its  S.  pole  was  opposed  to  the 
needle.  Deflection  S.  8°  80'  E.  T.  G.  20°.  Reveraed  current 
Deflection  8°  15'  W.  By  holding  a  bar  of  soft  iron  in  the  line 
of  the  dip  and  passing  the  wires  over  its  end  I  succeeded  in  ren- 
dering them  without  action  on  the  helix  when  put  in  the  place 
of  the  helix  in  the  above  experiment  The  twelve  wires  were 
then  tied  aroimd  the  helix  equidistant  from  each  other  and  sepa- 
rated about  "2  inch.  The  current  was  then  passed  so  that  the  S. 
pole  of  the  helix  was  opposed  to  the  needle.  Deflection  S.  2°  40' 
k.  Reversed  the  current  Deflection  S.  2°  80' W.  We  therefore 
have  in  the  1st  experiment  50'  less  and  in  the  2d  45'  less  action 
on  the  needle  when  the  wires  are  around  the  helix  than  when  they 
are  away.  These  results  correspond  to  the  above  experiments 
on  the  tube,  the  helix  giving  the  wire  a  polarity  the  reverse  of 
its  own. 

Beccaria,  Coulomb  and  Faraday  have,  by  their  well  known 
experiments,  proved  that  frictional  electricity  when  at  rest  only 
exists  on  or  just  within  the  outer  surfaces  of  bodies,  and  Prof 
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Joseph  Henry,  by  many  experiments,  has  shown  that  this  is  also 
true  when  the  same  species  of  electricity,  of  high  tension,  is  in 
motion.  The  following  beautiful  experiment,  so  conclusive  in 
its  evidence,  appears  so  little  known,  that  I  will  here  give  it  as 
stated  by  that  philosopher.  "  A  copper  wire,  of  the  size  usually 
employed  for  rmging  door  bells,  passed  through  the  axis  of  an 
iron  tube,  or  a  piece  of  gas  pipe,  about  three  feet  long.  The 
middle  of  this  wire  was  surrounded  with  silk,  and  coiled  into  a 
magnetizing  spiral,  into  which  a  large  sewing  needle  was  insert- 
ed. The  wire  was  supported  in  the  middle  of  the  tube  by  pass- 
ing it  through  a  cork  at  each  end,  covered  with  tin-foil,  so  as  to 
form  a  good  metallic  connection  between  the  copper  and  the 
iron.  On  the  outside  of  the  tube  and  opposite  each  other  were 
placed  two  other  magnetizing  spirals,  their  ends  soldered  to  the 
iron.  When  these  two  spirals  were  also  furnished  with  needles, 
and  a  discharge  fix>m  a  teyden  jar  sent  through  the  apparatus, 
as  if  to  pass  along  the  wire,  the  needle'  inside  of  the  iron  tube 
was  found  to  exhibit  no  signs  of  magnetism,  while  those  on  the 
outside  presented  strong  polarity.  This  result  conclusively 
shows  that,  notwithstanding  the  interior  copper  wire  of  this  com- 
pound conductor  was  composed  of  a  matenal  which  oflfered  less 
resistance  to  the  passage  of  the  charge  than  the  iron  of  which 
the  outer  portion  was  lormed,  yet  when  it  arrived  at  the  tin-foil 
covering  of  the  cork,  it  diverged  to  the  siu&ce  of  the  tube,  and 
still  further  diverged  into  the  iron  wire  forming  the  outer  spi- 
rals. We  must  not  conclude,  however,  fix)m  iQis  experiment, 
that  the  electricity  actually  passes  on  the  outside  of  the  tuba 
On  the  contrary,  we  must  infer  from  the  following  fact  that  it 
passes  just  within  the  surface.  If  the  iron  be  coated  with  a 
thin  coating  of  sealing  wax,  the  latter  will  not  be  disturbed 
when  a  moderate  discharge  is  passed  through  it,  though  with  a 
large  discharge  in  proportion  to  the  conducting  power  of  the 
rod,  the  outward  pressure  may  become  so  great  as  to  throw  off 
the  stratum  of  sealing  wax." 

Barlow  and  Harris  have  made  experiments  which  show  that 
magnetism  is  also  a  surface  action ;  and  in  Exp.  11  of  this  pa- 
per we  saw  that  when  the  surface  of  a  wire-core  was  diminished 
Dv  compressing  the  bundle  the  magnetism  diminished  with  it 
To  show  that  this  diminution  of  force  was  not,  in  major  part, 
owing  to  the  increased  repulsion  produced  between  the  oars 
when  brought  nearer  together,  the  following  experiments  were 
made. 

JSx.  80.  About  200  Vt  iiich  wires  were  pressed  together  as 
tightly  as  could  be  by  binding  them  in  a  Dundle  with  silken 
cord,  and  the  deflection  they  caused  in  the  needle,  when  mag- 
netized in  the  helix,  was  noted ;  they  were  now  taken  apart  and 
bound  as  tightly  as  before  around  a  wooden  cylinder  about  1 
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inch  in  diameter ;  and  being  magnetized  again  in  the  helix  with 
the  same  strength  of  current,  tne  bundle  caused  a  fer  greater 
deflection  in  the  needle  than  when  it  acted  without  the  central 
wooden  cylinder.  I  consider  this  experiment  as  very  conclu- 
sive of  the  surface  action  of  magnetism,  for  in  the  two  measures 
we  used  one  and  the  same  mass  of  metal,  subjected  to  exactly 
the  same  magnetizing  influence,  and  only  differing  in  the  extent 
of  exterior  surfaces  existing  during  the  two  experiments.  That 
the  increase  of  force  with  the  surface  was  not  owing  to  a  change 
of  distance  of  the  wires  from  the  interior  surface  of  the  helix  is 
conclusively  shown  in  the  next  section. 

But  there  are  differences  to  be  made  between  these  analogous 
phenomena  of  frictional  electricity  and  of  magnetism ;  in  mag- 
netism a  considerable  thickness  of  metal  is  required  to  develope 
this  action  at  the  surface ;  so  that  (Ex.  18)  a  tube  must  have  a 
thickness  of  about  }  of  its  diameter  to  equal  a  solid  cylinder  of 
the  same  length  and  diameter,  both  being,  when  compared, 
"saturated"  with  magnetism;  also,  it  appears  (Ex.  26)  that 
a  magnetic  action  can  be  effected  on  tne  interior  surface  of 
a  tube,  while  no  similar  action  can  be  obtained  with  frictional 
electricity. 

Experiments  to  determine  whether  a  change  ofposiUm  of  a  bar  in 
the  interior  of  a  helix  causes  a  change  in  the  intensity  of  its  magnet- 
ization,— Theory  indicates  that  no  change  in  the  degree  of  mag- 
netization will  follow  a  change  of  position  of  a  bar  in  the  inte- 
rior of  a  helix,  and  the  following  experiments  conclusively 
prove  the  truth  of  this  deduction. 

Ex,  81.  In  the  interior  of  helix  E  resting  on  the  bottom  of 
the  opening  was  placed  a  cylinder  of  soft  iron  "88  inch  diam. 
and  9  in&  long.  Opposed  to  this  helix  was  helix  W,  (in  the 
same  circuit)  with  the  400  wire-core.  Needle  was  brought  to 
such  a  position  that  it  stood  at  0°  when  the  circuit  was  open  or 
closed.     T.  G.  44i^ 

Ex.  82.  The  axis  of  the  iron  cylinder  was  now  made  to  co- 
incide with  the  axis  of  the  helix.  Current  passed.  Needle  still 
at  0°.  T.  G.  44i°.  Thus  showing  that  the  change  of  position 
makes  no  difference  in  the  intensity  of  the  magnetization. 

Experiments  on  the  comparative  magnetisdng  effects  of  a  helix 
and  of  a  combination  of  spirals,  formed  of  similar  wire,  and  con- 
taining the  same  number  of  turns,  arranged  in  a  length  equal  to 
that  of  the  helix. — According  to  the  theory  of  Ampere  the  cur- 
rents which  encircle  a  magnetized  iron  bar  or  a  steel  magnet 
are  in  planes  at  right  angles  to  the  axis  of  the  bars ;  and  it 
seemed  to  me  interesting  to  determine  with  this  sensitive  appa- 
ratus what  difference,  if  any,  existed  between  the  magnetizmg 
effects  of  a  helix  whose  turns  were  inclined  in  the  successive 
layers  alternately  in  opposite  and  equal  angles  with  the  axis, 


Digitized  by  VjOOQ  IC 


A.  J£  Mayer — Researches  in  Mectro-Magneiism.         211 

and  the  eflfects  of  a  combination  of  spirals  composed  of  an  equal 
number  of  turns  of  wire  as  the  helix  and  existing  in  the  same 
length. 

Fifty  spirals,  each  composed  of  14  ft  8*06  ins.  of  j\  inch  wire 
in  20  turns,  were  made  by  a  process  to  be  described  in  a  sub- 
sequent communication.  These  spirals  were  placed  vertically 
in  a  frame  at  equal  distances  from  each  other  so  that  they  form- 
ed a  cylinder  9  ins.  in  length,  8*9  ins.  in  exterior  diameter  and 
with  a  cylindrical  axial  opening  of  1*68  ina  The  turns  of  the 
spirals  were  carefully  insulatea  from  each  other  by  saturating 
tne  covering  of  the  wires  with  melted  parafina 

A  helix  was  constructed  of  the  same  wire,  wrapped  in  20 
layers,  each  layer  consisting  of  50  turns.  The  wire  in  each 
laver  was  wrapped  parallel  with  two  lengths  of  twine  so  that  the 
50  turns  in  a  layer  occupied  a  length  of  exactlv  9  ins.  This 
gave  a  "  pitch  "  to  the  turns  of  the  helix  of  18  ins.  and  the 
mnermost  turns  of  the  helix  formed  an  angle  of  V  57''25,  and 
the  outside  turns  formed  an  angle  of  50' '5  with  the  axis  of  the 
helix,  alternately  to  the  right  and  to  the  left,  as  it  was  wrapped. 
Each  layer  of  turns  of  wire  and  twine  was  carefully  saturated 
with  melted  parafine  of  a  high  temperature,  so  that  the  copper 
was  seen  through  the  saturated  covering  after  the  parafine  had 
solidified. 

Mc  88.  The  helix  and  combination  of  spirals  were  placed  8 
feet  apart  and  an  uninsulated  400  wire-core  placed  in  eacL  The 
compass  was  placed  midway  between  them  and  the  needle 
brought  to  0°.  The  current  was  now  passed  so  that  the  N.  pole 
of  the  cores  faced  the  compass.  The  S.  end  of  the  needle  was 
slightly  deflected  toward  the  helix,  showing  that  the  core  of 
this  was  somewhat  stronger  than  that  of  the  spirala 

The  greater  strength  of  the  helix  could  not  be  attributed  to 
the  excess  of  wire  it  contained  over  the  spirals,  for  this  only 
amounted  to  about  2  inches ;  thinking  that  tne  intense  inductive 
action  of  the  spirals  on  each  other  might  have  some  influence, 
the  following  experiments  were  mada 

JSx,  84.  Jrlaced  the  needle  between  helix  and  spirals  so  that 
it  stood  at  0°  when  the  circuit  was  open  or  closed.  Then  I  in- 
troduced between  the  spirals  49  copper  discs  having  central 
openings  a  little  smaller  than  those  of  tne  spirala  This  arrange- 
ment, as  Prof.  Joseph  Henry  has  shown,  so  eflfectually  cut  of 
the  mutual  inductive  action  of  the  spirals  that,  on  passing  a 
current  through  them  and  breaking  a  mercury  contact,  the  spark 
of  the  '*  extra-current "  was  (on  account  of  the  greater  resistance 
of  the  spirals)  less  than  when  only  the  circuit  of  the  battery- 
wires  was  similarly  broken.  With  the  exception  of  the  inter- 
posed copper  discs  things  remained  as  in  Exp.  88.  Current 
passed.    IN  eedle  remain^  at  0°.     Showing  that  the  inductive 
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action  had  no  influence  on  the  intensity  of  the  magnetizing 
effect  I  am  therefore  of  the  opinion  that  the  increa^  effect 
of  the  helix  was  due  to  superior  insulation. 

JSJx.  81.  The  combination  of  50  spirals  was  separated  into 
two,  each  containing  25  spirala  Between  the  spirals  of  one 
combination  were  introduced  the  25  spirals  of  the  other,  so  that 
every  alternate  spiral  belonged  to  the  same  combination.  If 
the  current  is  now  passed  through  one  of  the  combinations  and 
the  two  terminal  wires  of  the  other  combination  joined,  Faradaj 
has  shown,  that  the  "  extra-current "  in  the  first  combination  is 
entirely  given  up  to  second.  The  spirals  thus  arranged,  with 
the  terminals  of  the  interposed  spirals  separated,  were  placed 
opposite  the  helix  E,  and  distant  8  feet,  and  Ihe  needle  so 
placed  between  them  that  it  stood  at  0°  when  the  circuit  was 
open  or  closed.  On  connecting  the  terminals  of  the  interposed 
spirals  and  passing  the  current,  the  needle  remained  at  0°.  Thus 
conclusively  showing  that  in  a  combinaMon  of  spirals  or  in  a 
helix  the  inditctive  action  of  the  vrire  on  itself  or  of  adjoining  spirals 
or  turns  on  each  other  has  no  effect  on  the  power  of  their  magneti- 
zation and  therefore  no  ^ect  on  the  intensity  of  the  current  passing 
through  them, 

I  do  not  remember  ever  having  seen  a  solution  of  this  ques- 
tion, and  these  experiments  have  given  it  under  conditions  of  a 
very  strong  inductive  action,  and  with  a  very  delicate  apparatus 
for  detecting  any  effect  which  might  have  been  producei  The 
result  is  one  wmch  has  an  important  theoretic  oearing  on  dy- 
namical inductive  action,  but  I  reserve  for  another  communi- 
cation my  views  on  that  point 

In  bringing  this  research  to  a  conclusion  I  think  I  may  safely 
say  that  these  results  and  experiments  have  shown  the  delicacy 
and  precision  of  this  method  of  comparing  and  measuring  the 
electro-magnetic  forces ;  and  at  a  future  time  I  propose  using  it 
to  solve  the  problems  which  relate  to  the  variation  of  the  inten- 
sities of  cores  with  their  diameters  and  with  their  surfaces,  and 
to  examine  the  varying  magnetizing  effects  of  helices  of  different 
lengths,  diameters,  ana  number  of  turns  of  wire,  and  traversed 
by  currents  of  various  intensities. 

Some  of  the  above  experiments,  which  relate  to  the  inverse 
polarity  given  to  cores  placed  inside  of  magnetized  tubes  and 
wires  placed  outside  of  helices,  are  very  suggestive  as  to  an  ex- 

Elanation  of  diamagnetism,  but  I  reserve  for  the  present  the 
ypothetical  notions  which  they  have  originated  in  reference  to 
tnose  phenomena. 
South  Bethlehem,  Pa.,  June  2,  1870. 
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Art.  XXL — Abstract  of  the  Second  Series  of  Professor  Meissner^s 

Researches  upon  Electrized  Oxygen;*  by  George  R  Barker. 

I 

In  the  first  series  of  Dr.  Meissner's  researches  upon  oxygen, 
published  in  1868 — ^an  abstract  of  which,  by  Professor  John- 
son, appeared  in  this  Journal,  volume  xxxvii,  page  825,  and 
volume  xxxviii,  page  18 — ^he  arrived  at  the  remarkable  con- 
clusion, that  oxygen,  under  the  influence  of  electrical  tension, 
was  converted  not  only  into  ozone,  but  also  into  another  modi- 
fication which  always  appeared  simultaneously,  and  which  form- 
ed, when  brought  into  contact  with  watery  vapor,  especially 
after  the  absorption  of  the  ozone,  a  peculiar  dense  mist  This 
second  modification  of  oxygen  Meissner  identified  Vith  Schon- 
bein's  antozone.  So  remarkable  were  these  results,  and  so  im- 
portant their  bearing,  if  true,  not  only  upon  our  theories  of 
ozone  itself,  but  also  upon  the  philosophy  of  chemistry,  that 
Meissner  desired  to  repeat  his  experim'ents,  studying  particu- 
larly the  character  of  tne  antozone-mist  and  the  effects  of  elec- 
trical tension  upon  the  volume  of  the  oxygen  submitted  to  the 
discharge.  The  results  of  these  experiments  constitute  the  pa- 
per now  referred  to. 

I. 

Section  I  is  devoted  to  "Electrized  Oxygen."  The  experi- 
ment which  is  to  be  critically  investigated  is  thus  described : 
"  Oxygen  is  submitted  to  the  action  of  electricity  in  a  Siemens^s 
or  von  Babo's  apparatus,  is  then  passed  into  a  receiver  contain- 
ing a  concentral^  solution  of  potassium  iodid,  in  which  the- 
ozone  is  completely  absorbed,  and  finally  through  water  con- 
tained in  a  second  receiver ;  the  gas  as  it  issues  from  the  water, 
forms  above  it  a  thick  white  mist,  which  also  appears  in  a  less 
degree  over  the  solution  of  potassium  iodid,  but  which  is  den- 
ser, the  less  concentrated  the  solution  and  the  more  favorable 
the  ozonizing  conditions."  To  prove  that  this  mist  consists 
solely  of  electrized  oxvgen  and  water,  Meissner  proposes  to 
show : — 1st,  that  no  other  ^as  but  oxygen  is  in  any  way  con- 
cerned in  the  production  of  the  phenomenon ;  particularly  no 
nitrogen,  chlonne,  hydrogen,  or  carbonic  acid,  zd,  that  for  the 
production  of  the  result,  the  presence  of  aqueous  vapor  in  the 
electrizing  tube  is  not  necessary.  And  8d,  that  the  potassixim 
iodid  solution  used  for  the  absorption  of  the  ozone,  has  nothing 
whatever  to  do  with  the  appearance  of  the  phenomenon,  farther 
than  is  implied  in  effecting  the  removal  of  the  ozone  fix)m  the 
current  of  electrized  oxygen. 

*  Neue  Untereuchunffen  Uber  den  elektrisirten  SaueretofEl  Yon  Dr.  G.  Keiss- 
ner.  Mit  zwei  lithograpnirten  Tafeln.  Aus.dem  vierzehnten  Bande  der  Abhand- 
lungen  der  Kdnigliohen  GteseUflohaft  der  WlBsensohaften  zu  Gottingexi.  4to,  pp. 
no.    Odttingen,  1869. 
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The  apparatus  used  to  establish  the  first  point,  consists  of 
two  pieces,  the  first  of  which  is  intended  for  tne  production  of 
chemically  pure  oxygen,  the  second  for  the  electrization  of  this 
oxygen,  ana  its  subsequent  analysis.  We  have  sp»ce  here  for 
only  a  general  description  of  these  marvellously  accurate  speci- 
mens of  Geissler*s  glass-work,  referring  those  specially  interest- 
ed to  the  original  plates.  The  oxygen  is  evolved  by  electroly- 
sis fi'om  acidulated  water  contained  m  a  U  tube,  and  then  pass- 
es through  a  second  U  tube  filled  with  bits  of  glass  moistened 
with  sulphuric  acid,  then  through  a  straight  tube  filled  with 
oxydizea  copper-turnings  to  which  heat  can  be  applied,  then 
through  a  second  U  tube  containing  glass  and  sulpnuric  acid, 
and  finally  through  a  horizontal  tuoe  a  foot  in  length,  contain- 
ing anhydrous  phosphoric  acid :  being  collected,  after  passing 
an  ingeniously-constructed  mercury-valve,  in  a  receiver  over 
mercury.  All  these  tubes  are  joined,  either  by  fusion  or  by  the 
most  carefully  ground  joints.  By  means  of  the  heated  copper 
oxyd,  the  hydrogen,  wnich,  by  diffusion  or  mechanically,  may 
be  mixed  with  the  oxygen, — as  well  as  the  ozone  produced  by 
the  electrolysis,  and  the  vapor  of  hydrogen  peroxyd — ^if  any 
there  be — are  destroyed.  Tne  entire  apparatus  is  nrst  washed 
out  with  several  liters  of  pure  oxygen  chemically  prepared,  then 
with  15  liters  of  the  electrolytic  oxygen ;  after  which  tne  oxygen, 
being  assumed  pure,  is  collected.  The  second  piece  of  appara- 
tus was  made  in  duplicate ;  one  has  a  tube  filled  with  sulpnuric 
acid  between  the  receiver  and  the  electrizing  tube ;  the  other 
has  a  tube  filled  with  anhydrous  phosphoric  acid  in  this  posi- 
tion. Moreover,  in  the  former,  Siemens's  tube,  in  the  latter 
von  Babo*s,  is  used  for  the  electrization.  With  these  excep- 
tions they  are  alike;  a  description  of  one  suffices.  The  gas 
passes  fix)m  the  receiver  throu^  the  tube  filled  with  the  anhy- 
drous phosphoric  acid,  to  fi:ee  it  fi:om  any  traces  of  moisture  it 
may  have  acquired  in  the  receiver,  then  into  the  electrizing 
tube,  thence  into  two  small  flask-shaped  receivers,  the  first  con- 
taining potassium-iodid  solution,  the  other  water — and  then  to 
the  Jolly's  mercury  pump.  Between  the  drying  tube  and  the 
electrizing  tube  is  a  oarometer  tube  by  which  the  exhaustion 
may  be  regulated.  After  thoroughly  washing  out  the  entire 
apparatus  with  pure  oxygen,  it  is  thoroughly  exhausted,  the 
cock  beyond  the  electrizing  tube  closed,  and  tne  one  connected 
with  the  receiver  gradually  opened,  the  electrizing  tube  thus 
filled  with  oxygen,  and  this  submitted  to  the  action  of  the 
sUent  electric  discharge*  The  electrized  oxygen  now  passes 
successively  through  the  solution  of  potassium  iodid  and  the 
water,  upon  the  surfiwe  of  which  latter  liquid  the  dense  anto- 

*  The  electrimg  tube  of  Ton  Babo  is  described  in  Prot  Johnson's  abstract 
above  alluded  ta 
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zone-mist  appears,  increasing -momentarily  in  density  until  the 
flask,  two  inches  in  diameter,  becomes  perfectly  opake.  This 
experiment,  performed  in  precisely  this  way,  was  repeated 
twelve  times,  and  always  with  the  same  result ;  Dr.  Meissner 
believes  therefore,  that  neither  hydrogen  nor  nitrogen  is  in  any 
way  concerned  in  the  production  of  this  peculiar  mist 

The  second  point,  that  the  presence  of  aqueous  vapor  in  the 
electrizing  tube  is  not  necessary  to  the  result,  was  established 
by  filling  this  tube  with  pure  oxygen  dried  over  anhydrous 
phosphoric  acid,  then  electrizing  it,  and,  after  intermitting  the 
current,  passing  it  through  the  solutions.  The  result- was  the 
same  as  before. 

Nitrogen  having  been  shown  to  be  without  effect  on  the  pro- 
duction of  the  mist,  the  especial  apparatus  for  the  electrolytic 
preparation  of  oxycen  was  given  up,  and  this  gas  was  obtained 
from  potassium  cmorate,  and  washed  with  a  solution  of  potas- 
sium lodid.  In  the  next  experiment  this  oxygen  passed  from 
the  gasometer  through  a  wash-bottle  filled  with  potassium 
hydrate  solution,  then  through  a  U  tube  filled  with  calcium 
cnlorid,  then  through  another  wash-bottle  containing  sulphuric 
acid,  and  finally  over  anhydrous  phosphoric  acid,  to  the  electriz- 
ing tube,  being  now  free  from  chlorine,  carbonic  acid,  ammonia, 
and  moisture,  though  containing  perhaps  a  trace  of  nitrogen* 
On  passing  a  stream  of  this  electrized  oxygen,  first  over  phos- 
phoric anhydrid,  then  into  iodid  of  potassium  solution,  and 
afterward  through  water,  the  dense  cloud  appeared  as  before. 
Meissner  believes  therefore  "  that  these  experiments,  not  once 
only  or  a  few  times  repeated,  but  performed  very  firequently, 
prove  the  following  pomt :  that  the  mist  formed  by  de-ozonized 
electrized  oxygen  with  acjueous  vapor,  appears  when  neither 
chlorine,  nitrogen,  ammonia,  hydrogen,  car  Donic  acid  nor  watery 
vapor  is  present  in  the  tube  where  the  electrizing  occurs ;  and 
that  the  presence  or  aid  of  neither  of  these  substances  is  neces- 
sary afterward  for  its  formation.  That  in  other  words,  the  mist- 
phenomenon  requires  only  dry  electrized  oxygen,  the  potassium 
lodid  used  for  de-ozonization,  and  the  vapor  of  water,  for  its 
production." 

The  third  point,  that  the  potassium  iodid  acts  simply  by  ab- 
sorbing the  ozone,  and  thus  setting  the  mist-forming  oxygen 
free,  Meissner  proves  by  replacing  this  substance  by  a  great  va- 
riety of  other  bodies,  dmering  wiaely  in  chemical  properties  and 
agreeing  only  in  the  property  of  absorbing  ozone.  Sodium  pyro- 
gallate, — ^wmoh  must  be  free  from  even  a  trace  of  gallic  acid — 
potassium  ferrocyanid,  potassium  manganate,  the  higher  sul- 
phids  of  potassium  and  sodium,  barium  sulphid — ^the  hydrosul- 
phuric  gas  being  removed  by  passing  the  de-ozonized  oxygen 
through  a  solution  of  cupric  sulphate  before  entering  the  re- 
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ceiver  of  water — ^ammonium  sulphid,  hydrosulphxtric  add,  sul- 
phurous acid — either  free  or  as  sodium  sulphite — and  ammonio- 
lerrous  tartrate,  were  all  used  with  good  results,  the  ozone  being 
entirely  removed.  It  is  not  necessary  however,  to  absolutely 
de-ozonize  the  oxygen,  in  order  to  produce  the  mist ;  partial 
absorption  will  produce  it,  though  it  is  weaker  in  proportion  to 
the  amount  of  ozone  remaining.  By  using  potassio-  or  sodio- 
ferrous  tartrate,  instead  of  the  ammonia  salt,  such  a  partial  ab- 
sorption is  eflfected.  The  same  is  true  of  certain  metals,  when 
moistened  with  water;  lead,  zinc,  copper,  iron,  tin,  cadmium, 
antimony,  aluminum,  and  thallium  au  giving  the  mist,  though 
lead,  zinc  and  aluminum  are  the  best  for  this  purposa  Meissner 
compares  the  mist  rising  from  these  metallic  bars  to  the  doud 
which  rises  from  moistened  phosphorua  Even  carbon,  in  the 
form  of  gaa-carbon,  and  sometimes  animal  charcoal,  effects  this 
absorption.  The  noble  metals  gold  and  platinum  remain  com- 
pletely unaltOTed  in  both  moist  and  ary  ozonized  oxygen. 
Chemically  pure  silver  in  the  dry  gas  remains  unchanged  except 
at  single  points  which  show  a  beautiful  greenish  play  of  colors, 
without  a  trace  of  black  peroxyd,  into  which,  in  the  presence 
of  moisture,  it  is  so  rapidly  converted.  Mercury,  perfectly  dry 
and  still,  remains  unaltered,  though  on  the  least  agitation  a*  film 
appears  on  its  surface,  by  which  it  adheres  strongly  to  the  glass. 
On  replacing  the  ozonized  by  common  oxygen,  the  mercury 
becomes  again  mobile,  a  black  powder — of  mercurous  oxyd 
probably— ^ing  left.  If  the  mercury  be  moist,  reddish  mer- 
curic oxyd  resTUta  With  none  of  these  latter  metals,  however, 
is  any  mist  formed. 

Though  these  experiments  prove  conclusively  that  no  single 
substance  can  be  yielded  by  such  widely  different  de-ozonizing 
substances,  to  form  the  mist,  yet  may  not  each  yield  one,  which, 
though  unlike  the  others  in  all  else,  may  have,  in  common  with 
them,  this  mist-forming  property?  This  hypothesis,  Meissner 
considers  disproved  by  the  fact  that  the  mist  is  chemically 
identical,  whatever  the  absorbing  agent  It  may  be  agitated 
with,  or  passed  through  water,  not  only  without  losing,  but 
often  with  actual  increase  o^  its  properties.  It  may  be  passed 
through  dilute  sulphuric  acid  or  {Qkaline  solutions  unchanged. 
"  In  a  word,  the  mist  which  appeara  in  my  experiments  under 
the  given  conditions,  is  neither  acid  nor  alkaline,  consists  of  a 
body  neither  soluble  nor  insoluble  in  water,  but  is  solely  a 
mechanical  or  adhesive  combination  of  oxygen  and  water, 
which,  when  washed  and  collected'  in  a  gas-nolder,  gradually 
disappears,  fine  fluid  drops  collecting  upon  llie  walls  of  the 
vessel  which  when  examined  are  found  to  be  pure  water,  con- 
taining possibly  under  certain  conditions,  a  trace  of  hydrogen 
peroxyd."    Wnen  passed  through  strong  sulphuric  acid,  or  over 
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calcium  chlorid  or  phosphoric  anhydrid,  the  cloud  disappears 
because  of  the  removal  of  the  water ;  but  it  reappears  again, 
though  weaker,  when  brought  a^ain  in  contact  with  water. 
The  unwashed  mist,  indeed,  contams  impurities  coming  from 
the  absorbent  employed ;  as  iodine  and  traces  of  iodic  acid 
from  the  potassium  lodid,  anunonia,  hydrosulphuric  gas,  and 
probably,  also,  traces  of  ammonium  nitrate.  But  all  de-ozoniz- 
ing  substances  do  not  yield  such  impurities,  and  even  these  may 
be  removed  without  affecting  the  mist 

Again^  may  not  the  mist  be  produced  either  by  the  action  of 
the  oxygen  unaffected  by  the  electricity,  or  by  the  action  of 
the  ozone  which  thus  results  ?  Oxygenitself,  under  no  known 
conditions,  exhibits  this  property ;  and  as  to  ozone,  the  above 
experiments  show  that  it  may  be  completely  removed  by  vari- 
ous absorbing  solutions  without  interfering  with  the  pheno- 
menon. Indeed,  the  mist  is  the  stronger,  the  more  perfect  the 
removal  of  the  ozone  from  the  electrized  oxygen.  So  that, 
contrary  to  the  opinion  expressed  in  the  first  paper,  not  a  trace  of 
mist  appears  until  the  ozone  has  been,  at  least  partially,  removed. 
That  this  mist  is  not  due  to  a  compound  of  ozone  with  water, 
is  established  by  the  fact  that  contact  of  the  electrized  oxygen 
with  water  before  de-ozonization  is  prejudicial  to  its  subsequent 
production.  Further,  such  a  compound  must  hold  the  ozone 
with  such  force  as  to  prevent  such  easUv  oxydized  bodies  as 
potassium  iodid,  pyrogallic  acid,  or  alkaline  sulphids,  from 
withdrawing  it,  ana  yet  be  at  the  same  time  one  of  the  most  un- 
stable of  substances.  And  moreover,  were  there  such  a  com- 
pound of  ozone  and  water,  the  de-ozonized  oxygen,  after  care- 
rdl  drying,  would  yield  water  when  subjected  to  a  high  tempera- 
ture ;  Meissner  however,  has  failed  entirelv  to  detect  any  mois- 
ture under  these  circumstances.  Finally,  the  only  known 
compound  of  water  and  oxjgen,  hydrogen  peroxyd,  forms  no 
such  mist  If  therefore,  neither  the  ozone  itself,  nor  any  com- 
pound of  it,  is  concerned  in  the  phenomenon,  there  must  be 
contained  in  the  pure  dry  electrized  oxygen,  besides  the  un- 
altered oxygen  ana  the  ozone,  some  third  body,  a  third  condi- 
tion or  modification  of  oxygen,  to  which  the  result  is  to  be 
ascribed. 

Assuming  now  the  existence  of  antozone,  Meissner  proceeds 
to  study  more  minutely  the  action  of  absorbing  agents,  with 
special  reference  to  this  substance.  He  divides  them  into  two 
classes,  one  of  which  removes  ozone  alone  from  the  solution,  the 
other  absorbs  both  modifications.  The  first  substance  examined 
is  pyrogallic  acid  itself,  by  which  the  ozone  is  completely 
removed,  the  solution  becoming  beautiful  hyacinth-red  in 
color;  but,  unlike  the  action  of  the  alkaline  pyrogallates,  the 
fi^e  acid  removes  also  the  antozone,  so  that  not  a  trace  of  mist 
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appears  when  the  gas  is  subsequently  passed  through  water. 
On  adding  a  few  drops  of  sodium  hycfrate,  the  liquid  becomes 
dark  brown,  and  the  mist  at  once  appears.  Meissner  accounts 
for  this  result,  by  supposing  that  in  the  oxydation  of  the  free 
acid  both  ozone  and  antozone  are  taken  into  combination  in 
equal  proportions,  while  in  that  of  its  alkaline  salts,  the  ozone 
combines  to  a  larger  extent  than  the  antozona  Another  sub- 
stance exammed  is  sodium  thio  sulphite  (hypo-sulphite).  When 
the  electrized  oxygen  passes  through  a  concentrated  solution  of 
this  salt,  both  ozone  aild  antozone  disappear,  not  a  trace  of  mist 
being  formed.  This  result  is  especially  noticeable,  inasmuch 
as  sodium  suli)hite  removes  only  the  ozone,  and  inasmuch  as 
the  product  is,  in  both  cases,  sulphuric  acid.  Since  to  oxydize 
sulpnurous  acid,  two  equivalents  of  oxygen  are  requirea  for 
every  two  of  sulphur;  and  to  oxydize  thio-sulphurous  acid 
four  equivalents  of  oxygen  are  needed  to  two  of  sulphur; 
Meissner  believes  that  the  two  of  oxygen  in  the  former  case  are 
ozone ;  while  the  two  times  two  in  the  latter  are  not  of  equal 
value,  one  pair  being  ozone,  the  other  antozone,  atoms.  So 
also  by  the  use  of  arsenous  acid  as  an  absorbent,  both  modifi- 
cations are  removed  from  the  electrized  stream  of  oxygen,  both 
when  the  acid  is  free  as  well  as  when  its  sodium  salt  is  em- 
ployed. By  using  a  very  dilute  solution,  or  the  ordinary  satu- 
rated solution  in  small  amount,  the  ozone  may  be  imperfectly 
removed ;  and  by  passing  the  gas  afterward  through  potassium 
iodid  solution  to  remove  the  ozone  entirely,  the  antozone  which 
remains  gives  a  feeble  mist  with  water ;  thus  showing  here  also, 
that  ozone  and  antozone  are  absorbed  by  the  arsenous  add  in 
equivalent  proportions.  Here  again  Meissner  believes  that  of 
the  two  atoms  needed  to  make  arsenic  acid  fix)m  arsenous,  one 
is  ozone,  the  other  antozona  Mercurous  nitrate,  in  concentrated 
solution,  absorbs,  under  the  conditions  of  the  experiment,  both 
ozone  and  antozone  only  partially,  though  equally ;  thus  acting 
like  arsenous  acid.  The  partial  absorption  in  these  cases  is  to 
be  distinguished  from  that  eflfected  by  the  metals  or  alkaline 
ferrous  salts ;  in  the  former  case  both  the  oxygen  modifications 
are  equally  absorbed,  while  in  the  latter  the  ozone  is  almost 
entirely  removed,  but  the  antozone  is  unaflfected. 

Of  particular  interest  is  the  action  of  electrized  oxygen  upon 
potassium  hydrata  "When  firagments  of  this  substance  slightly 
moist  upon  their  surfiaces  are  placed  in  a  horizontal  glass  tube, 
and  subjected  to  the  current  of  electrized  oxygen,  they  shortly 
become  covered  for  a  short  distance  from  the  end  of  the  tube, 
with  orange-yellow  potassium  peroxyd.  But  however  long  the 
experiment  continues,  the  other  pieces  remain  unchanged,  and 
not  a  trace  of  either  ozone  or  antozone  issues  from  the  tuba 
So  soon  as  the  electrical  action  ceases,  and  ordinary  oxygen 
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again  enters  the  tube,  the  yellow  crust  disappears,  to  be  a^ain 
formed  as  often  as  the  electrized  oxygen  passes  over  it  Since 
the  peroxyd  is  at  once  decomposed  by  water,  and  since  too,  the 
maximum  production  is  very  soon  reached,  it  would  seem  that 
the  peroxyd  is  successively  produced  and  decomposed  in  the 
experiment,  causing  in  this  way  the  disappearance  of  ozone 
and  antozone  and  yielding  common  oxygen.  Absolutely '  dry 
hydrate  has  no  effect  on  the  electrized  oxygen.  In  aqueous  solu- 
tion, the  formation  of  the  yellow  peroxyd  takes  place  only  in 
the  narrow  tube  which  dehvers  the  gas ;  but  as  the  antozone 
and  the  ozone  are  materially  lessened,  though  never  absolutely 
destroyed  in  any  of  Meissner's  experiments — ^it  is  fair  to  infer 
an  action  similar  to  that  in  the  tube.  Sodium  hydrate  acts 
similarly  though  less  energeticallv ;  the  two  modifications 
appear  moreover  to  be  unequally  absorbed,  more  of  the 
antozone  disappearing  than  of  the  ozone.  These  r^ults 
illustrate  well  the  two  classes  of  absorbing  agents ;  in  the 
one  case  complete  absorption  of  the  antozone  takes  place 
with  that  of  the  ozone,  in  the  other  a  portion  of  the  antozone 
remains.  In  the  one  case  partial  absorption  of  both  is  equal, 
in  the  other  unequal  One  of  these  classes  requires  for  its 
oxydation  more  ozone  than  antozone,  the  other  requires  them 
in  equal  proportions ;  possibly  there  is  a  -third  class  requiring 
more  antozone  than  ozona 

An  important  practical  application  is  made  of  these  facts  to 
the  employment  of  potassium  iodid  as  an  absorbinc  solution. 
A  neutral  solution  of  this  substance  becomes  alkaline  when 
subjected  to  the  action  of  ozone,  and  contains  free  potassium 
hycfrate,  which,  acting  as  above,  diminishes  the  antozona  By 
so  arranging  the  apparatus  that  acid  or  alkali  can  be  added  at 
pleasure  to  the  iodid  solution,  the  mist  is  seen  to  be  diminished 
on  making  it  alkaline  and  increased  when  it  is  made  acid. 
The  neutral  solution  of  potassium  iodid  is  not  therefore  a  suita- 
ble de-ozonizing  agent,  if  it  is  desirable  subsequently  to  pro- 
duce the  mist  It  should  be  previously  acidulated  with  hy- 
drochloric or  sulphuric  acid,  especially  where  the  quantity  of 
antozone  is  small  Though  for  very  delicate  investigations 
Meissner  prefers  an  aqueous  solution  of  iodina 

The  same  injurious  action  of  free  alkali  appears  with  ferrous; 
oxyd  and  pyrogallic  acid  solution.  It  is  completely  obviated 
by  using  anmionia  in  place  of  potassa  or  soda,  ammonium 
pyrogallate  and  ammonio-ferrous  tartrate  being  fer  preferable 
to  the  same  compounds  of  the  fixed  alkalies.  Even  with  the 
sulphids  this  is  true ;  the  strongest  antozone-mist  Meissner  ob- 
served was  obtained  by  using  ammonium  sulphid  as  de-ozonizer, 
this  compound  absorbing  more  ozone  and  less  antozone  than  anj- 
other  substance  tried.     W  hen  ammonium  hydrate  is  submitte''  . 
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to  a  stream  of  electrized  oxygen,  the  ozone  is  partially  absorbed 
by  it,  and  the  antozone  cloud  rests  on  its  sunace.  fey  passing 
the  mist  through  dilute  sulphuric  acid,  its  ammonia  may  be  re- 
moved ;  and  then,  on  collecting  it  in  an  open  vessel,  the  water 
which  it  deposits  is  found  to  contain  nitric  acid  which  comes 
from  Ae  oxydation  of  the  nitrogen  of  the  air.  Solutions  of  am- 
motdum  carbonate  act  in  the  same  way.  The  energy  with 
which  ammonium  sulphids  absorb  ozone,  is  fturther  shown  by 
the  &ct  that,  like  moist  phosphorus,  some  of  them  can  polarize 
common  oxjgen,  absorbmg  tne  ozone  and  emitting  a  powerful 
antozone-mist  Under  the  name  "Liquor  fumans  Boylii," 
such  an  ammonium  sulphid  has  long  been  known.  It  fames 
strongly,  but  only  with  oxygen ;  neither  hydrogen  nor  nitrc^en 
causing  it  Every  unsaturated  ammonium  sulphid  solution,  if 
it  contain  suf&cient  sulphur,  is  such  a  faming  liquor.  By  pass- 
ing pure  oxygen  through  it  and  then  through  water,  a  aense 
mist  is  obtamed  which  can  be  washed,  be  dned,  and  then  be 
reproduced ;  a  true  antozone  mist 

A  singular  cause  of  error  in  his  previous  paper  is  hero 
pointed  out  "When  dry  air  is  electrized,  the  mist  is  easily 
obtained  on  contact  with  water,  even  without  the  previous  use 
of  any  de-ozonizing  solution.  Meissner  hence  stated  that  the 
mist  could  be  formed  without  previous  removal  of  the  ozone. 
But  in  fact  the  nitrogen  of  the  air,  being  oxydized  to  nitric 
acid  by  the  ozone,  acts  as  a  de-ozonizing  agent  He  obtained 
however  the  same  result  with  pure  oxygen.  But  upon  examin- 
ing his  apparatus,  he  found  a  cork  previously  used  with  a 
solution  of  potassium  iodid,  which  had  iodine  upon  it  and  thus 
acted  as  the  de-ozonizer.  In  his  later  researches  all  these 
sources  of  error  were  avoided,  and  the  conclusion  established 
that  to  produce  the  antozone  mist,  the  ozone  must  first  be  wholly 
or  partially  removed.  * 

"As  the  result  of  many  oft-repeated  experiments,"  says 
Meissner,  "it  may  be  asserted  that  there  is  no  single  fluid 
through  which,  or  no  single  solid  over  which,  electrized  oxygen 
can  be  passed  without  exerting  some  action  upon  it;  even 
when  the  substance  is  itself  not  oxydable,  or  does  not  fix  in 
chemical  combination  any  constituent  of  the  electrized  oxygen, 
some  action  takes  place  by  which  the  amount  of  ozone  or 
antozone  in  the  stream  of  oxygen  is  more  or  less  diminished." 
Not  only  finely  divided  gold  and  platinum,  but  also  entirely 
indifferent  bodies,  such  as  asbestus,  cotton,  calcium  chlorio, 
charcoal-powder,  or  finely  broken  coal,  destroy  tiie  ozone  and 
antozone  in  electrized  oxygen.  Even  after  the  removal  of  tiie 
ozone,  if  the  mist  be  passed  over  finely  granular  calcium 
chlorid,  the  antozone  will  disappear.  Tlie  same  is  true  of 
jiquids ;  a  sulphuric  acid  valve  included  in  an  apparatus  to 
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f)revent  the  entrance  of  moisture   into  the  electrizing  tube, 
eeaens  the  amount  of  ozone  and  antozone  obtained. 

n. 

Section  11  treats  of  the  '^  Quantitative  estimation  of  Ozone, 
and  the  contraction  of  volume  on  electrizing  oxvgen."  The 
ai)paratus  employed  is  similar  to  that  above  describ^  the  elec- 
trizing tube  being  widened  to  enclose  a  thermometer,  and  hav- 
ing a  delicate  mercury-manometer  attached  to  it  A  bulb-ap- 
paratus of  simple  construction  holds  the  de-ozonizing  solution, 
and  a  second  simOar  one  contains  sulphuric  acid.  The  last  bulb 
of  the  former  apparatus  contains  fine  asbestus,  which  is  found 
to  destroy  almost  perfectly  the  cloud-forming  substance,  and  so 
to  retain  the  iodic  acid  and  iodine  carried  over  with  it  Both 
bulb-tubes  have  wires  by  which  they  may  be  attached  to  the 
balance.  In  making  an  observation,  the  apparatus  is  filled 
with  pure  oxygen,  the  manometer,  barometer,  and  thermometer 
carefully  noted,  the  oxygen  electrized,  time  allowed  for  the 
temperature  to  be  equau^d,  communication  established  with 
the  manometer,  the  mminution  of  volume  ascertained,  and  the 
quantity  of  active  oxygen  determined :  1st,  by  the  increase  in 
weight  of  the  bulb  apparatus,  and  2d,  by  titration  with  sodium 
thio-sulphite  or  occasionally,  sodium  sulphite.  The  fi-ee  iodine 
is  first  determined,  and  then  the  solution  is  acidulated  with 
hydrochloric  acid;  the  hydriodic  acid  thus  set  free  reacts 
with  the  iodic  acid  to  set  free  more  iodine,  which  is  then 
titrated  by  itself  Hence  every  iodine-equivalent  represents 
one  of  oxygen,  and  by  dividing  the  weight  of  iodine  found 
by  15-875  (127-^8)  the  quantity  of  oxygen  absorbed  is  ascer- 
tained; or  in  other  words,  the  oxygen  absorbed  shown  by 
the  increase  of  weight,  must  be  to  the  iodine  set  free  as  mea- 
sured by  titration,  as  1 :  15*875.  In  the  experimental  results 
given  in  the  table,  this  proportion  is  not  reached,  but  varies 
&om  1 :  14*9  to  1 :  18.  Tnis  variation,  observed  by  other 
experimenters,  was  investigated.  It  was  found  not  to  be  due 
to  the  action  of  the  unozonized  oxygen,  nor  to  any  loss  oi 
iodine  in  the  gas-current,  nor  to  imperfections  in  the  titrition 
itself;  nor  did  it  appear  when  the  iodine  was  completely 
oxydized  to  iodic  acid,  both  weighing  and  titrating  then  giving 
the  same  results.  These  last  experiments,  Meissner  believes  in 
passing,  establish  the  fact  that  ozone  is  simply  a  modification 
of  oxygen,  not  an  oxydized  water;  that  no  hydrogen  peroxyd 
is  produced  in  it ;  and  that  the  method  of  experimenting  here 
employed  is  free  from  errors.  He  believes  too,  that  the  varia- 
tions observed  when  the  potassium  iodid  is  incompletely  oxyd- 
ized, may  be  due  to  the  production  of  some  intermediate  oxyd 
of  iodine ;  and  hence,  regards  the  method  by  weight  as  less 
liable  to  error  in  estimating  the  amount  of  ozone,  than  the 
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method  of  titration.  I^  however,  the  solution  of  potassium 
iodid  be  either  veiy  dilute  or  very  concentrated,  or  particularly, 
if  it  be  acidulated  ;  or,  what  is  the  same  thin^,  if  a  solution  of 
hydriodic  acid  be  used, — ^in  which  case  no  iodic  acid  is  formed 
— ^then  the  method  of  titration  becomes  accurate,  the  results 
agreeing  with  those  obtained  by  weight  The  objections  how- 
ever to  the  acidulated  potassium  iodid  solution  are :  1st,  there 
is  a  loss  of  iodine,  carried  off  by  the  antozone ;  and  2d,  the 
iodine  separates  in  thick  masses  of  crystals  which  stop  entirely 
the  delivery  tube.  When  too,  the  ozone  enters  the  absorbing 
solution  very  dense,  as  when  a  given  portion  of  oxygen  is 
electrized  for  a  long  time,  and  then  passed  at  once  into  it,  the 
differences  between  the  results  of  weighing  and  titrating  are 
very  much  increased ;  the  results  then  varying  from  1 : 8  to 
1 : 4,  instead  of  1 :  15-8. 

The  experiments  on  the  influence  of  electrical  tension  upon 
the  production  of  ozone  showed  that  with  a  velocity  of  2*25  to 
2*50  liters  per  hour,  a  spark  of  1'5  centimeters  gave  "006  grms. 
ozone,  of  4  to  5  centimeters  "0274  grms,  of  5  to  6,  0322  grms., 
and  of  6  to  7  centimeters  0889  grams,  as  the  maximum  ;  no 
increase  being  obtained  with  that  apparatus,  on  increasing  the 
length  of  the  spark. 

On  the  question  of  the  contraction  of  volume  on  electrizing 
oxygen,  a  series  of  twelve  experiments,  made  with  the  appa- 
ratus already  described,  show  that,  as  a  mean,  the  weight  of 
oxygen  absorbed  as  ozone,  bears  to  a  weight  of  oxygen  equal 
to  the  observed  contraction,  the  ratio  of  1*984  to  1 ;  i  e.,  essen- 
tially of  2  : 1.  That  is  to  say,  the  portion  of  electrized  oxygen 
absorbed  by  potassium  iodid,  weighs  twice  as  much  as  the 
volume  of  oxygen  which  disappears  during  the  electrization. 
This  result  was  so  extraordinary,  that  the  experiment  was  care- 
fully repeated,  the  potassium  iodid  being  completely  oxydized ; 
the  oxygen  absorbed  weighed  0O182  grams,  the  contraction  of 
volume  000938  grams,  being  virtually  2 : 1.  Meissner  is  not 
prepared  to  claim  this  numerical  relation,  however ;  he  simply 
mamtains  that  the  electrized  oxygen  absorbed  by  the  ioaid, 
weighs  more  than  the  volume  corresponding  to  the  contraction 
observed.  He  then  goes  on  to  discuss  the  methods  by  which 
Andrews  and  Tait,  and  von  Babo  and  Glaus,  came  to  different 
results ;  criticising  in  the  former  case,  the  apparatus  used,  the 
formula  for  calculation,  and  the  method  of  determining  the 
ozone  by  titration ;  and  in  the  latter,  the  use  of  a  neutral  solution 
of  potassium  iodid  having  a  wronff  concentration,  and  the  velo- 
city of  the  stream  of  oxygen,  botn  of  which,  as  shown  above, 
aflect  the  result  As  to  Soret's  results,  which  were  made  with 
electrolytic  oxygen,  Meissner  merely  remarks  that  if  made 
with  the  use  oi  a  neutral  solution  of  iodid  as  absorbing  agent, 
as  seems  to  be  the  case,  they  may  not  be  reliable ;  though  not 
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having  prepared  ozone  in  this  way,  he  can  pass  no  further 
judgment  upon  them.  No  conclusion  however,  upon  the  den- 
sity of  ozone  can  be  drawn  by  Meissner  from  his  own  experi- 
ments, since  the  results  obtained  are  due  to  both  the  modifica- 
tions of  oxygen  produced  by  the  electrization ;  while  the  ratio 
of  the  two  present,  is  unknown. 

Finally,  Meissner  takes  up  the  question  of  the  electrizing  of 
confined  oxygen.  He  finds  that  the  limit  of  the  production  of 
ozone  is  nearly  reached  in  the  first  10  to  20  minutes ;  that  on 
diminishing  tne  electrical  tension  after  a  time,  the  amount  of 
ozone  is  increased ;  that  the  maximum  contraction  is  8*61  per 
cent,  corresponding  to  ^ f  y,  instead  of  ^^  as  obtained  by  Andrews 
and  Tait ;  that  more  than  eight  times  the  quantity  of  ozone  is 
produced  when  the  oxygen  flows  in  a  current  through  the 
electrizing  tubes,  than  when  confined,  with  an  equal  tension  ; 
that  the  agency  which  causes  the  return  of  the  ozone  and  ant- 
ozone  to  common  oxygen,  increases  in  activity  with  the  density, 
with  the  percentage  of  electrized  oxygen,  and,  in  a  given  appa- 
ratus, witn  the  electric  tension ;  so  that  when  this  electrized 
oxygen  reaches  a  certain  density,  the  further  action  of  the 
electricity  destroys  as  much  ozone  and  antozone  as  is  produced 
He  believes  that  the  electrization  of  the  oxygen  is  dependent 
on  the  tension,  the  destruction  of  the  ozone  and  antozone  on  the 
character  of  the  discharge,  so  that  for  every  apparatus  there  is 
a  limit  to  the  production  of  ozone,  beyond  whicn,  if  the  tension 
be  increased  and  the  glass  be  not  broken,  the  ozone  and  ant- 
ozone rapidly  disappear.  If  the  oxygen  be  dry,  it  retains  its 
diminished  volume  for  many  days ;  but  if  moist,  much  less 
electrized  oxygen  is  produced:,  and  it  disappears  entirely  in  the 
course  of  two  days.  Mercury  appears  also  to  have  a  specific 
action  in  destroying  electrized  oxygen. 

This  second  research  of  Dr.  Meissner,  though  not  as  startling 
in  its  results  as  the  first,  is  yet  (juite  as  valuaole  a  contribution 
to  science.  He  has  fully  established  the  main  positions  taken 
m  1863,  and  it  cannot  longer  be  doubted  that  electrized  oxygen 
co'ntains  two  modifications  of  this  element  The  bearing  of 
this  fact  upon  our  theories  of  ozone  is  evident. 


Art.  XXIL — Description  of  Sclerostoma  pinguicola^  a  new  species 
of  Entozoa,  from  the  Hog;*  by  A.  E.  Vebbill. 

On  two  occasions  I  have  received  specimens  of  a  rather 
large  parasitic  worm,  which  lives  in  the  fat  of  hogs.  In  the 
first  case,  five  specimens  were  obtained,  at  New  Haven,  by  Dr. 
M.  C.  White,  from  the  fatty  portion   of  a  spare-rib;  in  the 

*  Extracte  I  from  ''  The  Ezteroal  and  Internal  'Parasites  of  Man  and  Domestio 
Animals; "  by  A.  E.  Verrill,  page  138,  figure  89a,  July,  1870. 
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second  instance,  at  Middletown,  Conn.,  Dr,  N,  Cressy  found 
large  numbers  of  the  worms  in  the  fat  about  the  kidneys  of  a 
young  Suffolk  pig,  brought  fix)m  New  Jersey.  Unfortunately, 
none  of  these  specimens  are  in  so  good  a  state  of  preservation 
as  to  enable  me  to  determine  with  certainty  all  the  points  of 
their  structure.  Those  which  I  owe  to  the  kindness  of  Dr. 
White  had  been  mounted  in  glycerine,  as  microscopic  objects, 
and  pressed  out  flat,  before  they  came  into  my  possession,  and 
the  tissues  were  thus  injured  and  the  organs  deranged.  Those 
from  Dr.  Cressy  were  both  pressed  flat  and  dried.  Yet  by  care- 
fiil  maceration,  and  considerable  labor,  I  believe  that  most  of 
the  important  characters  have  been  made  out.  The  body  is 
rather  robust,  especially  in  the  female,  and  tapers  to  both  ends; 
the  color  is  yellowish  white,  and  the  integument  is  seen  to*  be 
finely  striated  transversely,  when  considerably  magnified  The 
head  is  smaller  than  the  body,  truncated  at  the 
end ;  the  mouth  is  terminal,  roundish,  or  some- 
what angular,  surrounded  by  the  thickened  rim 
of  the  chitinous  capsule,  or  pharynx.  The  edge 
of  this  chitinous  ring  rises  at  intervals  into  four 
to  six  denticles,  or  very  small  angles,  which 
correspond  to  thickened,  lonffitudinal,  chitinous 
bands,  that  strengthen  the  pharynx,  and  give  a 
slightly  an^lar  form  to  the  moutL  The  phar- 
ynx itself  IS  small,  short,  and  rather  squarish, 
when  seen  in  profile,  and  has  three  or  four  small, 
conical  teeth  at  the  bottom.  The  oesophagus  is 
thick,  club-shaped,  and  very  muscular. 

The  male  is  1*12  of  an  inch  long,  and  about 
•05  of  an  inch  in  diameter ;  the  tail  ends  in  a  small  blunt  lobe, 
united  with  two  small,  entire,  membranous  expansions,  one  on 
each  side,  forming  a  small  bursa,  which  is  stren^hened  by  sev- 
eral short  rays,  the  exact  number  of  which  comd  not  be  deter- 
mined in  my  specimens ;  there  are  two  long,  slender  spicules. 
The  females  are  1*25  to  two  inches  in  lenffth,  and,  as  flattened 
between  glass,  they  are  10  to  '18  of  an  inch  in  breadth.  The 
posterior  end  suddenly  and  obliquely  narrows  to  a  small  coni- 
cal point,  which  is  turned  to  one  side.  The  anal  opening  is 
close  to  the  end,  and  the  genital  orifice  appears  to  be  adjacent 
to  it  The  oviducts  are  long,  voluminous,  much  convoluted, 
and  unite  in  a  lar^e  and  capacious  uterus,  which  fills  most  of 
the  cavity  of  the  Dodv  tow^  the  posterior  end.  The  uterus 
and  oviducts  are  both  filled,  in  the  larger  specimens,  with  im- 
mense numbers  of  small  oval  eggs. 

It  is  probable  that  this  parasite  is  by  no  means  uncommon. 

Figure  1. — Sdero&hma prnffuicoiaYeTrSi;  a,  male,  natural  size;  5,  posterier  end, 
enlarged,  ahowing  the  bursa  and  spicules;  c,  female,  natural  size;  d,  anterior  end 
of  the  same,  enlarged,  showing  the  chitinous  cs^ule  and  ossophagoa. 
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Art.  XXTTL — Notes  on  the  structure  of  the  OnnoideOj  Oystidea 
and  Blastoidea;  by  R  Billings,  F.G.&,  Paleontologist  of  the 
Geological  Survey  of  Canada. 

(Oondaded  fVom  this  Joarnal,  II,  yol.  zliz,  p.  68). 
6.   On  some  points  relating  to  the  Structure  of  Pentremites. 

1.  a 


Fig.  1. — Galjdne  plates  of  PrniHrtmUea^^V^  the  basals;  /  one  of  the  flye  forked 
plates ;  d^  deltoid  plate ;  l^  lancet  plate ;  09,  oral  spiracle ;  $,  spimcle. 

Fig.  2. — Oaryoey8tite$  tuindmariua^  Hisinger,---&,  basal  plates;  r,  radials;  m, 
moa&. 

Professor  Wyville  Thompson  has  proposed  a  division  of  the 
skeleton  of  the  existing  Crinoid,  Antedon  rosaceus,  into  two  sys- 
tems of  plates,  which  he  terms  respectively  the  "  Badial^^^  and 
the  "  Perisomatie "  systema*  These  he  considers  to  be  thor- 
oughly distinct  fix)m  each  other  in  their  structure  and  mode 
of  growth.  The  radial  svstem  consists  of  the  joints  of  the  stem, 
the  centrodorsal  plate,  the  radial  plates,  the  joints  of  the  arms, 
and  also  those  of  the  pinnules,  in  the  perisomatie  system  he  ' 
includes  the  basal  and  oral  plates,  the  anal  plate,  the  interradial 
plates,  and  any  other  plates  or  spicula  whicn  may  be  developed 
m  the  perisom  of  the  cup  or  disc.  This  I  think  a  good  arrange- 
ment, except  in  so  far  as  it  regards  the  stem,  which  appears  to 
me  to  be,  always,  an  appendage  of  the  perisomatie,  rather  than 
of  the  radial  system. 

Throughout  the  whole  range  of  the  Crinoidea,  the  plates  of 
the  radial  and  perisomatie  systems,  are  easily  distinguished  from 
each  other.  In  general,  the  Cystidea  have  no  racSal  plates  in 
their  calyces  except,  perhaps,  in  a  small  area  around  the  ambu- 
lacral  orifice.     Tms  accords  well  with  an  important  observation 

*  On  the  Embryogeny  of  Antedon  rosaoens  Unck  (OomahUa  rosacea  of  La- 
marck). By  Professor  Wtyillb  Thompson,  LL.D.,  ko.  Philosophical  Transac- 
ions  of  the  Royal  Society,  yoL  cly,  Part  n,  p.  640. 
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of  Professor  Thomson's  on  the  structure  of  Antedon,  while  in 
the  earlier  periods  of  its  growtL  "  The  entire  body  of  the  Pen- 
tacrinoid  is,"  he  says,  "  at  first,  while  vet  included  within  the 
pseudembryo  and  during  its  earliest  nxed  stage,  surrounded 
and  enclosed  by  plates  of  the  perisomatic  system  alone,  and  it  is 
quite  conceivable  that  plates  belonging  to  this  system  may  ex- 
pand and  multiplj  so  as  to  form  a  tessellated  external  skeleton 
to  the  mature  anmial,  the  radial  system  being  entirely  absent, 
or  represented  only  in  the  most  rudmientary  form."  (Op.  cit,  p. 
541).  Such  is  the  structure  of  all  of  the  Cystidea.  On  refer- 
ring to  fig.  2,  it  will  be  seen  that  the  whole  of  the  body  of  Cary- 
ocystites  testvdinarius^  is  covered  with  polygonal  plates,  without 
any  trace  whatever  of  a  radiated  arrangement  The  plates  are 
disposed  in  nine  transverse  ranges,  girding  the  body  like  so  many 
rings.  This  species  is,  (and  so  are  most  of  the  elongated  suo- 
cylmdrical  Cystideans),  annulated  rather  than  radiated^  so  far  as 
regards  the  external  integument  The  lower  range,  below  the 
line,  J,  consists  of  the  basals,  whilst  the  upper,  above  the  line,  r, 
may,  possibly,  be  radiated.  In  all  the  globular  or  ovate  Cysti- 
deans, with  numerous  plates,  such  as  Spcenonites,  MahcystiteSj 
Oomarocystitesj  Amygdahcystiies^  and  others,  the  shell  is  neither 
annulated  nor  radiated,  but  composed  of  an  indefinite  number 
of  plates,  increasing  with  the  age  of  the  individual,  and  arranged 
without  any  well  defined  or  constant  order.  It  seems  clear, 
therefore,  tnat  the  test  of  the  Cystidea  belongs  mostly  to  the 
perisomatic  system. 

In  Pentremites  the  three  plates  which  are  usually  called  the 
basals,  consist  each  of  two  pieces,  one  placed  above  the  other, 
and,  in  general,  closely  anchyclosed  together.  The  lower  pieces 
have  each  a  re-entering  angle,  in  their  upper  edges,  for  the  re- 
ception of  the  upper  pieces  which  stana  upon  them.  This 
structure  was  first  pointed  out  by  Mr.  Lyon  (u-eoL  Ky.,  voL  iii, 
p.  468),  and  is  not  generally  admitted,  although  I  believe  it  cer- 
tainl/  does  exist  It  is  said  that  the  lower  pieces  consist  of  the 
upper  joint  of  the  column,  divided  into  three  by  vertical  su- 
tures. To  me  they  appear  to  be  calycine  plates.  It  is  true  that 
they  do  not  form  the  bottom  of  the  visceral  cavity,  but  this 
may  be  due  to  the  growth  inward  of  the  lower  edges  of  those 
of  the  upper  series.  Something  like  this  occurs  in  Aritedon^ 
where,  at  first,  the  bottom  of  the  cup  is  formed  by  the  basals, 
but  afterwards  principally  by  th^  first  radials. 

The  forked  plates  are  usually  called  "  Radials^^^  but  they  cer- 
tainly do  not  belong  to  the  radial  system.  If  they  did,  they 
would  represent  the  first  radials  of  the  Crinoidea,  and  therefore 
they  should  support  the  bases  of  the  ambulacra.  A  little  con- 
sideration will,  however,  enable  any  one  to  perceive  that  in 
Pentremites  the  bases  of  the  ambulacra,  are  situated  in  the  apex 
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of  the  fossil,  and  do  not  come  in  contact  with  the  forked  plates. 
The  apex  of  Pentremites  is  identical  with  the  actinal  center  of 
Sea-urchins  and  Star-fishes,  in  which  the  mouth  is  situated.  It 
is  here  that  the  ambulacra  originate  and  grow  outward  by  the 
addition  of  new  plates  to  their  distal  extremities.  There  can  be 
little  doubt  that  such  was  the  mode  of  growth  of  the  ambulacra 
of  the  Pentremit'^s,  The  smaller  extremity,  therefore,  of  their 
ambulacra,  which  is  received  into  the  forked  plate,  is  not  the 
base,  but  corresponds  with  the  apex  of  the  ambulacrum  of  a 
Sea-urchin  or  of  a  Star-fish.  It  also  represents  the  tip  of  the  arm 
of  a  Crinoid.  K  the  forked  plate  is  raaial,  then  the  arrangement 
of  the  ambulacrum  must  be  the  same  as  that  which  would  be 
exhibited  in  a  Crinoid,  with  the  upper  end  of  the  arm  down- 
ward, and  resting  on  the  first  radial,  whilst  the  lower  end 
would  be  upward,  the  tip  being  formed  of  the  second  radiaL 
Prom  this  it  follows  that  the  forked  plates  do  not  belong  to 
the  radial,  but  to  the  perisomatic  system. 

The  five  deltoid  plates  alternate  with  the  forked  plates,  and 
are  also  perisomatic. 

It  is  not  certain  that  the  lancet  plates  represent  any  of 
those  plates  which  in  the  Crinoidea  are  usually  called  "ra- 
dials."  They  are  so  arranged  that  if  they  were  loosened  fi-om 
the  walls  of  the  cup,  and  tneir  smaller  extremities  turned  up- 
ward, whilst  their  bases  or  larger  ends  retained  their  posi- 
tion, they  would  stand  in  a  circle  around  the  apex,  as  do  the 
arms  of  an  ordinary  Crinoid.  Their  bases  would  alternate 
with  the  apices  of  the  deltoid  plates.  They  would  form  the 
outside  of  the  arms,  whilst  the  ^ooves  and  piniiulsB  would  be 
inside.  Each  would  bear,  on  its  outer  or  dorsal  aspect,  two 
elongated  sacks,  the  two  hydrospires  that  belong  to  the  am- 
bulacrum. I  believe  that  the  small  groove  in  the  ambula- 
crum of  Pentremites  was  occupied  by  the  ovarian  tube  only. 
If  this  be  true,  and  if,  also,  the  lancet  plates  represent  the 
radial  plates  of  the  arms  of  the  Crinoias,  then  the  arm  of 
Pentremites  would  have  the  respiratory  portion  of  the  ambu- 
lacral  system  on  its  dorsal,  and  the  ovarian  portion  on  its  ven- 
tral aspect     ' 

In  the  true  Crinoids,  both  the  respiratory  and  ovarian  tubes 
are  situated  in  the  groove  in  the  ventral  side  of  the  arm.*    In 

♦  Thomas  Say,  who  was  the  first  to  recognize  the  Blastoidea  as  a  groi^)  dis- 
tinct from  the  Crinoidea,  also  supposed  the  (Unction  of  the  ambulacra  to  be 
respiratory.  He  says,  *'  I  think  it  highly  probable  that  the  brandiial  apparatus 
communicated  with  the  surrounding  fluid  through  the  pores  of  the  ambulacra^, 
by  means  of  filamentous  processes ;  these  may  ahK>  have  performed  the  o£Gice  of 
tentaciila,  in  conveying  food  to  the  moutli,  which  was,  perhaps,  provided  with  an 
exsertile  proboscis ;  or  may  we  not  rather  suppose  that  the  animal  fed  on  the 
minute  beings  that  abounded  in  the  sea  water,  and  that  it  obtained  them  in  the 
manner  of  the  Ascidia,  by  taking  them  in  with  the  water.  The  residuum  of  di- 
gestion appears  to  have  been  rejected  through  the  mouth."  (Jour.  Acad.  N.  S. 
Phil.,  vol  iv,  p.  296,  1826), 
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tlie  Crinoids  the  piiitiul»  are  attached  to  the  radial  joints  of  the 
arm.  In  Peniremites  they  are  not  connected  with  the  lancet 
plate,  but  with  the  pore  plates.  In  P.  pyrtformia  they  appear 
to  me  to  stand  in  sockets  excavated  in  the  suture  between  t^e 
pore  plates  proper,  and  the  supplementary  pore  plate&  Miller 
compared  them  to  the  series  of  azygos  plates,  which  underlie 
that  portion  of  the  ambulacrum  of  Pentacrirms  that  runs  fix)m 
the  mouth  to  the  base  of  the  arm.  These  resemble  the  lancet 
plates,  in  their  bein^  azygos  and  not  connected  with  pinnulse ; 
out  then,  on  the  other  nand,  they  differ  fix)m  them  in  having, 
a  portion  at  least,  of  the  respiratory  tubes  on  their  ventral  as- 
pect Mr.  Bofe  says  that,  "  in  many  species  of  Pentremite,  if 
not  in  all,  this  lancet  plate  is  in  reality  a  compound  plate, 
formed  of  two  contiguous  plates,  extending  from  tne  bottom  of 
the  sinus  to  the  top,  and,  tnen  turning  ri^ht  and  left  round  the 
summit-openings,  they  pass  down  the  adjoining  sinus,  to  form 
half  its  lancet-plate,  leaving  at  the  apex  of  the  body  a  pentag- 
onal aperture,  supposed  to  oe  the  mouth..  In  some  weathered 
specimens,  the  two  parts  of  the  lancet  plate  are  separate;  and 
in  many  they  appear  to  meet  only  at  the  top  ana  bottom  of 
the  cross  section,  leaving  a  lozonffe-shaped  opening  between 
them."  (GeoL  Mag.,  voL  ii,  p.  249.)  In  a  large  specimen  of 
P.  cbesus  (Lyon  and  Cassiday)  which  was  given  to  me  by  Mr. 
Lyon,  a  polished  section  shows  that  one  of  the  lancet  plates  is 
thus  divided,  but  in  general  no  trace  of  a  suture  can  be  seen 
in  these  plates. 

There  are  several  points  in  the  structure  of  the  ambulacra 
of  Peniremites  that  are  well  worthy  of  the  study  of  those  who 
have  plenty  of  well  preserved  specimens.*  Ainong  these,  I 
would  direct  special  attention  to  tne  markings  in  the  ambula- 
crum of  P.  pyriformia.  The  median  groove,  which  I  suppose 
to  have  been  exclusively  occupied  by  the  ovarian  tubes,  sends 
off  branches,  right  and  left  alternately,  toward  the  sides  of  the 
ambulacrum.  These  branches  do  not  run  direcUy  to  the  am- 
bulacral  pores.  Each  of  them  terminates  at  a  point  between 
the  inner  extremities  of  two  of  the  pores.  There  is  at  this 
point  a  small  pit  which  appears  to  be  the  socket  ctf  an  append- 
age quite  distinct  firom  the  pinnule.  The  groove  does  not 
reach  the  socket  of  the  pinnule,  which  is  situated  fixrther  out, 
between  two  of  the  pores.  On  the  other  hand  a  small  groove 
runs  from  each  pore,  inward,  and  terminates  at  another  socket, 
about  half- way  between  the  pore  and  the  main  median  groove 
of  the  ambulacrum.  It  would  thus  appear  that  besides  the 
ordinary  pinnules,  there  were  two  other  rows  of  appendages  on 
each  siae  of  the  median  groove. 

The  general  conclusions  at  which  I  have  arrived  from  the 
above,  are,  that  all  the  principal  plates  that  compose  the  shell 
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of  Pentremttes,  belong  to  the  perisomatic  system  of  Professor 
Wyville  Thompson;  that  it  is  doubtful  whether  or  not  the 
lancet  plates  are  homologous  with  the  radial  plates  of  the  Cri- 
noids ;  and  that  the  ambulacra  are  more  complicated  in  their 
structure  than  is  generally  supposed. 

T,   On  the  Structure  of  the  genua  Nudeocrinvs. 
8  4  5. 


d 


Pig.  3.— -Apex  of  Hfvd&ooHiiim  VememHi  Troost  g^  ambulacnd  gtooye ;  p,  pore 
through  whioh  groove  enters  into  the  mterior ;  «,  one  of  the  ten  spiradee ;  mo, 
oro-aoal  aperture.  4.  Anterior  side  of  a  specimen ;  a,  the  anterior  interradiaL 
6.  Apex  of  a  specimen  which  has  lost  the  intefirument  that  ooyered  the  center. 
6.  Diagram  of  the  plates  of  the  test ;  a,  ambulaoral  plate ;  6,  the  basals ;  c, 
plates  of  the  apex ;  d,  one  of  the  interradials ;  /  forised  plate. 

The  body  of  this  remakable  genus  is  ovate,  elliptical  or  ob- 
long, and  inclosed  in  a  shell  of  strong  perisomatic  plates,  which 
are,  in  general,  so  closely  anchyclos^  that  the  sutures  between 
them  cannot  be  distinguished.  According  to  Mr.  Lyon,  who, 
through  his  long  continued  geological  researches,  has  collected 
and  studied  a  vast  number  of  specimens,  there  are  three  minute 
lozenge-shaped,  or  quadrilatend  basal  plates,  situated  at  the 
bottom  of  the  columnal  pit ;  always  concealed  when  the  col- 
umn is  present  These  are  surrounded  b^  three  other  plates, 
the  six  altogether  corresponding  to  the  six  pieces  whicn  con- 
stitute the  compound  basal  plates  of  Pentremites.  They  are 
represented  at  fig.  6,  J,  as  figured  by  Mr.  Lyon  (GeoL  Ky.,  vol 
iii,  pL  V,  fig  1,  b.) 
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In  the  next  series  there  are  five  plates  which  are  undoubtedly 
the  homologues  of  the  five  forked  plates  of  Pentremites.  They 
are  very  short  and  confined  to  the  base  of  the  body.  They 
form  a  shallow  basin  with  ten  re-entering  angles  in  its  margin. 
Fig.  &J. 

Alternating  above  the  forked  plates,  are  five  pieces  corres- 
ponding to  the  deltoid  or  interradial  plates  of  Pentremites.  Some 
of  these  are  lanceolate  in  form  (fig.  6,  d),  their  broader  extremi- 
ties fitting  into  the  angles  between  the  forked  plates.  They 
taper  to  a  point  upward,  and  their  sides  are  bevelled  so  as  to 
pass  under  the  ambulacral  plates,  to  which  they  are,  in  general, 
so  closely  united,  that  the  line  of  junction  is  indicated  only  hj 
the  difierence  in  the  markings  of  the  surfiw^e.  Owing  to  this 
structure,  these  plates  have  not  always  been  recognized  by  the 
authors  who  have  described  this  ffenus.  They  were  first  point- 
ed out  by  Mr.  Lyon.  The  fifth  deltoid  or  interradial  plate  is 
truncated  at  its  apex  for  the  reception  of  the  ovo-anal  orifice 
{mvy  figs.  4,  6).  Tne  sutures  on  each  side  of  this  plate  are  gen- 
erally distinctly  visible,  especially  in  the  upper  part  of  the 
body. 

Tiie  ambulacra  are  narrow — one  line  wide  in  a  specimen  fif- 
teen lines  in  length,  with  a  fine  median  groove,  about  large 
enough  to  accommodate  a  tube  of  the  size  of  a  horse-hair. 
There  are  two  rows  of  pores,  those  on  one  side  of  the  groove 
alternating  in  position  with  those  on  the  other  side.  These 
pores  lead  into  the  hydrospirea  There  appear  to  be  only  two 
rows  of  ambulacral  ossiclea  The  pores  are  situated  in  the 
sutures  between  them.  On  each  side  of  the  ambidacrum  there 
is  a  broad  transversely  grooved  marginal  plate.  Prom  each  pore 
a  small  rounded  riage  runs  across  this  plate.  The  grooves 
between  the  ridges  originate  at  the  outer  extremities  of  the 
ambulacral  ossicles.  In  well-preserved  specimens  the  surfiswje 
of  these  marginal  plates  exhibits  no  other  structure  than  the 
transverse  grooves  and  ridges ;  but  in  one  weathered  specimen 
that  I  have  examined,  they  seem  to  be  composed  of  a  number 
of  narrow  elongated  pieces,  arranged  transversely,  in  such  a 
manner  that  two  of  them  abut  against  the  outer  extremity  of 
each  of  the  ambulacral  ossicles,  and  extend  outward  toward 
the  interradials.  This  seems  to  prove  that  the  marginal  plates 
belong  to  the  ambulacra,  as  pointed  out  by  Mr.  Lyon,  and  not 
to  the  interradials,  as  represented  by  other  authors.  Although 
I  have  studied  a  large  number  of  specimens,  none  of  them 
were  sufficiently  perfect  to  enable  me  to  make  out  the  whole 
structure  of  this  part  of  the  test  of  Nucleocrintis.  I  have,  how- 
ever, seen  enough  to  convince  me  that  the  ambulacra  are  much 
more  complex  than  is  usually  supposed.  The  lancet  plate,  if  it 
occur  at  all  in  this  genus,  must  oe  very  narrow.  The  ambula- 
cral groove,  as  in  Pentremites^  sends  on  branches,  right  and  left 
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There  is  also  evidence  of  the  existence  of  minute  marginal 
plates  on  each  side  of  the  groova 

The  hydrospires  are  ten  elongated  sacks, 
each  witn  two  deep  folds.  They  are  per- 
fectly homologous  with  those  of  Peiiire- 
mitesj  only  dinering  therefrom  in  not  be- 
ing united  in  pairs ;  consequentiv  there  are 
ten  spiracles  mstead  of  five.  The  mouth, 
or  oro-anal  orifice,  is  larger  in  proportion 
to  the  size  of  the  body  than  it  is  in  Pen- 
tiSS&gh'a  .^;KJ^hi^hM  tremites.  Mr.  Meek  informs  me  that  the 
I"  ttfeYwr^tSriSr^JSi  mouth  in  some  of  the  Blastoidea  is  pro- 
SS^'feSTdf^^^of'SS  tected  by  a  single  valve  that  covered  it 
'^^^••*  like  the  lid  of  a  jug.     From  the  structure 

of  the  orifice,  I  am  inclined  to  think  that  in  Nucleocrtnus  it  pos- 
sessed a  similar  protection. 

In  the  apex,  nearly  all  the  space  within  the  circle  of  apertures 
is  covered  oy  a  thin  integument  of  small  plates,  fig.  3.  When 
this  is  not  preserved,  a  large  sub-pentagonal  aperture  is  seen,  as 
shown  in  ng.  5.  This  aperture  Occupies  the  position  of  the 
mouth  in  the  existing  ecninoderms.  The  integument,  as  will 
be  shown  further  on,  represents  that  which  covers  the  mouth 
of  an  embryonic  Star-fisL  Mr.  Conrad  described  this  genus 
in  1842,  as  having  only  one  aperture  in  the  summit.  "  This 
genus  differs  from  Pbntbemites,  Say,  in  having  only  one 

?3rforation  at  top,  which  is  central"  (Jour.  Acai  Nat  Sci. 
hiL,  voL  viii,  p.  280,  pL  xv,  fig.  17).  His  figure  represents  the 
fossil  with  the  apex  aownwara.  Dr.  Ferd.  Koemer,  showed 
that,  when  perfect,  there  is  no  central  opening,  and  he  made 
this  one  of  the  grounds  for  separating  the  genus  from  Pentre- 
mites.  He  described  the  apex  as  being  provided  with  six  aper- 
tures, five  of  which  were  divided  by  a  partition  within  each. 
These  he  considered  to  be  the  ovarian  orifices.  The  sixth  he 
supposes  to  be  both  mouth  and  vent,  which  accords  with  my 
view.  (Mon.  der  Blastoideen,  p.  378).  In  1868  I  discovered 
the  five  small  pores  at  the  apical  extremities  of  the  ambulacral 
grooves.  (This  Jour.,  II,  xcvii,  p.  353,  and  Annals  Nat  Hist, 
rV,  voL  4,  p.  76).  In  general  it  is  difficult  to  see  these  pores, 
but  if  a  silicified  specimen,  which  has  been  fossilized  in  a  cal- 
careous matrix,  be  placed  in  an  acid  for  two  or  three  minutes, 
the  acid  cleans  them  out  and  thev  then  become  distinctly  visible. 
I  believe  these  to  be  the  pores  through  which  the  ovanan  tubes 
passed  outward  along  the  grooves  to  the  pinnulse.  There  are 
thus,  sixteen  apertures  in  the  apex  of  NucleocrinuSy — ten  spira- 
cles, five  ovanan  orifices,  and  one  oro-anal  aperture.  Tnere 
are  no  true  radial  plates.  The  whole  of  the  test  with  the  ex- 
ception, perhaps,  of  the  ambulacra  belongs  to  •the  perisomatic 
system. 
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8.   On  the  occurrence  of  Embryonic  forms  omtmg  the  Paleoaoic 
Echinoderms. 


la 


11. 

Vig.  8.  B^fmnaria  (utmigtra  Sara,  (oopied  ftom  ICOl- 
ler).  a»  the  stomaoh ;  6,  part  of  the  body  of  the  larra; 
e,  ambulacra!  oentre,  position  of  the  permanent  month,  in 
this  stage  not  open ;  d^  one  of  the  flye  ambulacral  oanals  ; 
«,  sand  canal,  /  madreporio  plate ;  tn,  entrance  into  the 
stomach ;  o,  oeeophagna ;  p,  larval  month  or  psendostome ; 
r,  OBSophageal  ring;  v,  yent  9.  Ideal  flgore  desGribed 
below.  10.  OodonUm  steO^ormii,  oblique  yiew  to  show 
both  body  and  summit    11.  Summit  of  fig.  10. 

No  proposition  in  Natural  History  has  been  more  clearly 
demonstrated  than  this : — That,  in  general,  the  paleozoic  ani- 
mals resemble,  both  in  external  form  and  internal  stnictore,  the 
embryonic  stages  of  those  of  the  same  class  at  present  existing. 
Prof  Agassiz  has  long  taught  in  his  lectures  and  various  pub- 
lications, that  this  is  especially  observable  in  the  Echinodermata. 
Judging  from  the  figures  and  descriptions  of  Miiller,  Agaasiz, 
Thomson,  Carpenter  and  others,  I  should  say,  that  in  this  class, 
the  most  strikmg  resemblance  is  that  which  occurs  between  the 
adult  stages  of  the  Cystidea,  Blastoidea,  and  Orinoidea,  on  the 
one  hand,  and  the  embryonic  Star-fishes  on  the  other.  The 
structural  character  that  has  the  most  important  bearing  on  the 
subjects  discussed  in  these  notes,  is,  that  in  all  four  of  these 
groups,  the  mouth  is  situated  in  one  of  the  interradial  areas, — 
not  in  the  ambulacral  center,  as  it  is  in  the  adult  forms  of  the 
existing  Echinodermata. 

In  Bipinaria  asierigera  Sars,  according  to  MtQler,  the  digestive 
cavity  is  a  sub-globular  sack  without  any  extensions  into  the 
rays,  as  there  are  in  the  adult  Star-fishe&  The  oesophagus,  fig. 
8,  0,  is  a  fieshy,  consistent  tube,  with  a  large  mouth  or  psendos- 
tome, p.  It  passes  through  the  wall  of  the  stomach  by  an  open- 
ing somewhat  smaller  than  the  mouth,  and  situated  in  one 
of  the  interradial  spaces  at  m.  The  madreporic  plate,  f  and 
sand  canal,  6,  the  latter  holding  the  convoluted  plate  (when  it 
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occurs),  are  situated  above  the  orifice,  m,  and  between  it  and  the 
ambulacral  center,  c.  The  circular  space  at  c,  is  undoubtedly 
the  homologue  of  the  central  space  in  the  apex  of  Nucleocrtnvs, 
fig&  3  and  5,  and  of  Codonites,  figs.  10  and  11.  It  is  also  the 
position  of  the  mouth  in  the  adult  Star-fish ;  but  in  the  larval 
stage  it  is  completely  closed  by  the  soft  external  skin  and  sar- 
code  of  the  body.  In  the  fossils  it  is  also  closed,  but  by  an 
internment  of  thin  calcareous  platea  The  Mpinnaria  is 
nourished  by  minute  particles  of  matter  diffused  flirough  the 
water,  and  drawn  into  the  digestive  sack  through  the  mouth 
and  oesophagus  by  the  action  of  interradial  cilia.  I  believe 
that  aU  the  fossil  Crinoidea,  Blastoidea  and  Cystidea,  ingested 
their  food  in  this  way,  and  without  any  aid  whatever  firom  the 
arms  or  pinnulae. 

Perhaps  there  is  no  embryologist  who  will  not  admit,  that  it 
is  possible  for  an  animal  like  Bipinnaria  to  develope  organs  of 
reproduction  and  propagate  its  roecies,  none  of  its  other  parts 
making  any  iGarther  advance.  Such  an  animal,  with  some 
slight  modincations,  would  hot  be  very  widely  different  fix)m  a 
paleozoic  Crinoid.  K  the  sarcodic  iJody  wall  wotc  to  be  con- 
solidated into  a  thin  calcareous  integument,  with  the  mouth 
even  with  the  surface,  the  swimminff  appendages  aborted,  and 
the  vent  closed  up,  it  would  resemble  tne  cup  of  an  Admocri- 
nusj  fig.  9,  a.  The  lateral  orifice  would  then  be  both  mouth 
and  vent,  as  it  is,  at  first  (according  to  Prof  A.  Agassiz,  Seaside 
Studies,  p.  125),  in  the  embryo  of  Asteracanthton  Berylinua. 
The  ambulacral  canals  of  Bipmnaria  are  the  homologues,  in 
a  general  way,  of  those  which  are  found  beneath  the  vault  of 
Aetinocrinvs^  and  extend  out  into  the  grooves  of  the  arms.  If 
the  ventral  perisome  of  the  Crinoid  were  to  be  removed  (the 
internal  oigans  remaining  undisturbed)  the  arrangement  dis- 
closed womd  be  that  represented  in  fie.  9, — a  convoluted  plate 
in  the  center  with  the  canals  radiating  firom  it  The  most  strik- 
ing difference  is  the  absence  of  the  oesophageal  ring.  Accord- 
ing to  the  organiisation  of  Actiiu>cTiniA8  there  could  be  no 
oesphagus  at  that  point,  and  consequently  there  is  no  ring.  The 
convoluted  plate  represents  the  madreporic  apparatus.  The 
sucking  feet  of  the  Star-fish,  most  probably,  represent  the  re- 
spiratory tentacles  that  border  the  grooves  of  the  Crinoids,  but 
modifiea  into  prehensile  and  locomotive  organs.  Bipinnaria 
and  Actinocrinue  agree  in  having  the  mouth  in  Que  of  me  inter- 
radial areas,  and  in  the  absence  of  an  orifice  through  the 
perisome  at  the  ambulacral  center.  These  two  characters  are 
embryonic  and  transitory  in  the  Star-fish,  but  they  were  perma- 
nent m  most  paleozoic  Orinoids. 

In  Oodonites  steUi/ormis  {Pentremites  steU^brmia  Owen  and 
Shumard),  figs.  10,  11,  the  ambidacral  center,  c,  is  completely 
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closed.  Five  minute  grooves  radiate  out  to  the  extremities  of 
the  five  angles  of  the  disc.  These  grooves  are  identical  with 
those  of  Pentremites  and  Nucleocrinus  and  were  occupied  by 
the  ovarian  tubea  The  ambulacral  canals  of  the  true  CrinoidB 
and  of  the  Star-fishes  are  represented  in  a  rudimentary  condi- 
tion, in  this  species,  by  the  hydrospires  which  open  out  to  the 
surfece  through  the  ten  fissure-like  spiracles,  s.  The  oro-anal 
orifice  is  inteiradiaL  C  stelU/ormis  in  external  form,  the  inter- 
radial  position  of  the  mouth,  and  the  closed  ambulacral  center, 
resembles  Bipinnaria  and  J.cfo*nocrmt^5,  but  differs  importantly  in 
having  its  respiratory  organs  arranged  in  ten  separate  tracts,  all 
totally  disconnected  fix)m  each  other.  It  is  a  lower  form  than 
Actinocrinusj  which  in  its  turn  is  lower  than  Bipinnaria^  and 
yet  all  three  are  constructed  on  the  same  general  plan. 

C.  sielliformis^  although  much  resembling  a  Pentremite,  is  a 
true  Cystidean.  Its  affinity  to  Oodaste)'  was  first  pointed  out 
by  Dr.  C.  A.  White,  who  also  suggested  that  it  should  be  as- 
signed to  a  distinct  group.  (Bost  Jour.  N.  H.,  voL  vii,  pp. 
486,  487).  The  main  difference  between  the  Cystidea  and  flie 
Blastoidea  is,  that  in  the  former  the  hydrospires  do  not  com- 
municate with  the  pinnulsB,  whilst  in  the  latter  the  cavities 
of  the  pinnulfiB  and  hydrospires  are  directly  connected  by  the 
ambulacral  pores. 

The  developement  of  the  recent  Crinoid  Antedon  rosaceus, 
as  described  by  Prof  Wyville  Thomson  (Phil.  Trana,  1866), 
pursues  a  course  that  could  not  possibly  result  in  the  produc- 
tion of  such  an  animal  as  Actinocrinus.  The  pseudembiyo,  as 
it  is  called  by  Prof  Thomson,  is  a  small  ovate  organism,  with 
four  transverse  ciliated  bands,  a  large  key-hole-shaped  mout^ 
(pseudostome),  and  a  small  circular  vent  (pseudoproct).  These 
orifices  are  connected  by  a  rudimentary  mtestine  (pseudoeele). 
In  this  stage  there  is  no  trace  of  radiation,  and  the  moutJi, 
therefore,  cannot  be  said  to  be  interradial  in  its  position. 

The  nascent  Crinoid  originates  within  the  pseudembryo,  but 
developes  a  mouth,  vent  and  stomach,  of  its  own,  all  quite  dis- 
tinct fpom  those  of  its  nurse.  This  new,  or  permanent  mouth, 
is  for  a  short  time  both  oral  and  anal  in  its  function,  but  al- 
though in  this  respect  it  resembles  that  of  ActinocrinvSj  its  po- 
sition in  the  center  of  the  ambidacral  system,  shows  it  to 
represent  the  mouth  of  the  adult  Star-fish,  while  that  oiActinO' 
cnmis  rather  homologates  with  the  oral  orifice  of  the  Bipin- 
narioL  At  no*  time  during  its  development  does  the  ventral 
perisome  exhibit  the  structure  of  that  of  the  paleocrinoids, 
L  e.,  no  orifice  in  the  ambulacral  center,  and  at  tne  same  time 
one  in  an  interradial  spaca  In  the  central  position  of  its  mouth, 
and  in  the  possession  of  an  oesophageal  ring,  Antedon  stands 
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above  Actinocrtnus  in  rank,  and  between  it  and  the  adult  Star- 
fish. In  none  of  its  stages  does  it  resemble  a  Bipinnaria  either 
in  form  or  in  structure. 

9.   On  some  of  the  objections  that  have  been  advanced  against  the 
views  advocated  in  the  preceding  notes. 

In  all  the  known  species  of  the  existing  Echinodermata,  the 
mouth  is  situated  in  the  center  of  the  ambulacral  system,  and 
it  is  contended  that  this  fact  proves  that  such  must  have  been 
its  position  also  in  the  paleozoic  forms. 

This  reasoning  is  not  strictly  logicaL  It  is  true  that  in  the 
known  existing  species,  the  moutn  is  in  the  center,  but  it 
does  not  certainly  follow  that  it  is  so  in  all  the  Echinodermata, 
living  and  extinct  Whether  it  be  so  or  not  in  any  particu- 
lar fossil  species  whose  structure  may  be  under  investigation, 
is  a  question  of  fact  which  can  only  he  positively  determined  by 
direct  observation  of  specimens.  On  appealing  to  these  we  find 
that,  in  a  large  proportion  of  the  fossil  forms,  there  is  no  aper- 
ture in  the  perisome  at  the  ambulacral  center.  It  also  becomes 
evident  by  the  comparison  that,  in  general,  the  paleozoic  spe- 
cies resemble  the  embryonic  stages  of  some  of  the  recent 
Echinoderms,  and  that  in  these,  pBipinnaria  for  instance),  the 
mouth  is  interradiaL  Rules  such  as  is  relied  on  in  this  case, 
afford  a  certain  amount  of  presumptive  evidence,  which,  how- 
ever, cannot  prevail  against  material  and  visible  facts.  When 
we  can  see  clearly  that  there  is  no  aperture  in  that  point,  in 
the  vault  of  a  Crinoid,  beneath  which  we  know  the  ambulacral 
center  is  situated,  it  is  perfectly  useless  to  supply  one  by  de- 
duction.* 

The  second  objection  is,  that  many  of  the  fossils  have  a 
Platycera^  attached  to  them,  in  such  a  position  as  to  cover  the 
aperture  which  I  call  the  mouth,  and  under  such  circumstances 
as  to  induce  the  belief  that  it  lived  parasitically  on  the  Crinoid. 
The  only  answer  I  can  make  to  this  is  that,  admitting  the  facts, 
we  must  suppose  that  space  was  left  for  a  stream  of  water  to 
pass  under  the  edge  of  the  shell,  into  the  mouth  of  the  Crinoid. 
In  general,  where  one  animal  lives  parasitically  upon  another, 
it  does  not  destroy  its  host  Some  of  the  gasteropods  of  the 
Devonian  and   Carboniferous  ages,   were    carnivorous,   as  is 

})roved  by  the  bored  shells  and  Crinoids  that  are  occasionally 
bund.     I  have  seen  a  number  of  such  specimens,  and  several 

*  The  position  of  the  ambulacral  center  maj  thus  be  found.  When  the  mouth 
18  eccentric,  the  ambulacral  tubes  usuallj  converge  to  the  center  of  the  yault 
But  when  the  mouth  is  central,  we  first  find  the  azygos  interradius,  in  general 
easily  recognized  bj  its  possessing  a  greater  number  of  plates  tlian  do  anj  one  of 
the  other  four  interradii.  On  the  opposite  side  of  the  fossil  is  the  azygos  arm. 
The  ambulacral  center  is  always  .<«ituated  between  this  arm  and  the  moutih,  never 
on  the  side  of  the  mouth  toward  theasygos  interradius. 
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years  ago  I  read  a  paper  on  the  subject  (which  was  neverpub- 
lished)  before  the  K^atural  History  Society  of  Montreal.  T^ere 
were  several  good  Oonchologists  present,  and  the  specimens  ex- 
hibited were  compared  with  bored  shells  of  existing  species. 
All  pronounced  the  sty^le  of  workmanship  to  be  precisely  the 
same.     I  have  the  proboscis  of  an  Actinocrinus  that  is  bored 

near  the  base,  and  among   the 

fossils  lent  me  b^  Mr.    Wach- 

smuth,  is  a  Codonttes  stelliformis^ 

that  is  bored  through  one  of  the 

ambulacra.     The  view  I  took  of 

the  subject  in  my  paper,   was 

that  the  gasteropod  ascended  the 

Fto.  u.  8trmtorhvnchu9  Pandora,    A  Stalk  of  the  Cnuoid,  and  thrust 

'^^^"i^v^yo^lSi^^^ZSS^,  its  proboscis  mto  the  mouth  of 

56Yonian.c«uMiE.  ^hc  latter.      The    Crinoid    then 

slowly  drew  its   arm  together,  and  held  the  shell  feat  until 

both  died. 

A  third  objection  is  the  small  size  of  the  aperture  in  some 
of  the  species.  In  general,  where  there  is  no  proboscis,  the  ori- 
fice is  from  one-twentieth  to  one-tenth  of  an  mch  in  diameter, 
quite  sufficient  for  an  animal  that  subsists  on  microscopic 
organisms.  It  is  stated  by  Meek  and  Worthen  that  where 
there  is  a  proboscis,  the  aperture  is  sometimes  scarcely  "  more 
than  one-hundredth  of  an  mch  in  diameter."  I  believe  that  in 
many  such  instances  the  tube  filled  up  by  calcareous  deposits 
on  its  inside,  and  that  when  entirely  obstructed,  either  a  new 
aperture  opened  out  in  the  side  of  the  proboscis,  or  that  the 
animal  died.  In  Mr.  Wachsmuth's  collection,  I  saw  a  ^eci- 
men  with  a  second  aperture  in  process  of  formation.  A  ticket 
was  attached  to  it  by  him,  giving  this  explanation.  I  am  also 
informed  that  in  some  of  the  existing  species  of  Antedon  *'  the 
mouth  is  an  exceedingly  minute  apertura" 

A  fourth  objection  is  that  the  aperture  is  so  situated  that 
the  arms  could  not  have  conveyed  food  to  it  It  is,  however, 
proved  by  Dr.  W.  B.  Carpenter,  that  in  the  recent  Crinoids 
the  arms  are  not  prehensile  organs.  The  animal  while  feeding 
remains  motionless,  attached  oy  its  dorsal  cirrhi  to  a  stone, 
shell,  or  other  object  on  the  bottom.  Its  arms  are  either 
stretched  out  to  their  full  length,  or  more  or  less  coiled  up,  but 
(juite  immovable.  As  Dr.  Carpenter's  remarks  have  a  very 
important  bearing  upon  the  subject,  I  shall  take  the  liberty  of 
quoting  the  following : — 

"Whatever  may  be  the  purpose  of  the  habitual  expansion 
of  the  arms,  I  feel  quite  justified  that  it  is  not  (as  stated  oy  sev- 
eral authors  whom  I  have  cited  in  my  historical  summary)  the 
prehension  of  food.    I  have  continually  watched  the  results  of 
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the  contact  of  small  animals  (as  Annelids,  or  Entomostracans 
and  other  small  Crastaceans)  with  the  arms,  and  have  never  yet 
seen  the  smallest  attempt  on  the  part  of  the  animal  to  seize 
tliem  as  prey.  Moreover,  the  tubalar  tentacula  with  which  the 
arms  are  so  abundantly  furnished,  have  not  in  the  slightest  de- 
gree that  adhesive  power  which  is  possessed  by  the  "  feet "  of 
the  EcHiNiDBA  and  Astesiada  ;  so  that  they  are  quite  incapable 
of  assisting  in  the  act  of  prehension,  which  must  be  accomplished, 
if  at  all,  either  by  the  coiling-up  of  a  single  arm,  or  by  the 
folding-together  of  all  the  arms.  Now  I  have  never  seen  such 
coiling  up  of  an  arm  as  could  bring  an  object  that  might  be  in- 
cluded in  it  into  the  near  neighborhood  of  the  mouth ;  nor  have 
I  seen  the  contact  of  small  animals  with  a  single  arm  produce 
any  movement  of  other  arms  towards  the  spot,  such  as  takes 
place  in  the  prehensile  apparatus  of  other  animals.  Moreover, 
any  object  that  could  be  grasped  either  by  the  coiling  of  one 
arm,  or  by  the  consentaneous  closure  of  all  the  arms  together 
upon  it,  must  be  fiar  too  large  to  be  received  into  the  mouth,  which 
is  of  small  size  and  not  distensible  like  that  of  the  Astbboida."* 

Farther  on  Dr.  Carpenter  says : 

"It  was  affirmed  by  M.  Dnjardin  (I'Institut,  No.  119,  p.  268) 
that  the  arms  are  used  for  the  acquisition  of  food  in  a  manner 
altogether  dissimilar  to  ordinary  prehension ;  for  recognizing  the 
fact  that  the  alimentary  particles  must  be  of  small  size,  he  suppo- 
sed that  any  such,  fallmg  on  the  ambulacral  (?)  furrows  of  the 
arms  or  pinnae,  are  transmitted  downwards  along  those  furrows  to 
the  mouth  wherein  they  all  terminate,  by  the  mechanical  action  of 
the  digitate  papillsB  which  fringe  their  borders.  This  doctrineJie 
atmears  to  have  abandoned;  since  in  his  last  account  of  this  ty}»e 
(mst.  Nat.  des  Echinoderms,  p.  194)  he  affirms  that  the  trans- 
mission of  alimentary  particles  along  the  ambulacral  (?)  furrows 
is  the  result  of  the  action  of  cilia  with  which  their  surface  is  clot- 
ted. Although  I  have  not  myself  succeeded  in  distinguishing  cilia 
on  the  surface  which  forms  the  floor  of  these  furrows,  yet  1  have 
distinctly  seen  such  a  rapid  passage  of  minute  particles  along 
their  groove  as  I  could  not  account  for  in  any  otner  mode,  and 
am  therefore  disposed  to  believe  in  their  existence.  Such  a  power- 
fid  indraught^  moreover^  must  be  produced  about  the  region  of  the 
mouthy  by  the  action  of  the  large  cilia  which  (as  I  shall  hereafter 
describe)  fringe  various  parts  of  the  internal  wall  of  the  alimentary 
canalf  as  wofdd  materially  aiain  the  transmission  of  minute  par- 
ticles along  th4>se  portions  of  the  ambulacral  (?)  furrows  which  inv- 
mediately  lead  toward  it ;  and  it  is,  I  feel  satisfied,  by  the  con- 
joint agency  of  these  two  moving  powers  that  the  alimentation  of 
Antedon  is  ordinarily  affected.  In  the  very  numerous  specimens 
from  Arran  the  contents  of  whose  digestive  cavity  I  have  exam- 
ined, I  have  never  found  any  other  than  microscopic  organisms ; 

*  Researohe^  on  the  Structnre.  Physiology,  and  Development  of  Aniedtm  {Oom' 
oMoy  Lamk.)  ro^ocetM.— Part  I.  Bj  W.  B.  Carpenter,  M.D.,  F.R.S.  Philosophical 
Transactions  of  the  Eojal  Society,  vol.  dvi,    Part  11.  1866 
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and  the  abundance  of  the  homy  rays  Peridinium  tripos  (£hr.) 
has  made  it  evident  that  in  this  locahty  that  Infasorium  was  one 
of  the  principal  articles  of  its  food.  But  in  Antedons  from  other 
localities,  I  have  found  a  more  miscellaneous  assemblage  of  ali- 
mentary particles ;  the  most  common  recognizable  forms  being  the 
homy  casings  of  Entomostbaca  or  of  the  larv8B  of  higher  Crus- 
tacea."   (Op.  cit,  p.  700). 

The  existence  of  large  cilia  within  the  intestinal  canal,  capa- 
ble of  producing  a  powerful  indraught  of  water,  renders  any 
movement  or  concurrent  action  of  the  arms  quite  unnecessary 
in  the  ingestion  ^f  food.     It  does  not  matter,  therefore,  in  what 

Eart  of  the  body  the  mouth  of  a  Orinoid  may  be  situated,  or 
ow  remote  from  the  reach  of  the  arms.  Attached  permanently 
to  the  bottom  of  the  sea  by  their  columns,  the  paleozoic  Cn- 
noidea,  Cystidea  and  Blastoidea  remained,  while  feeding,  most 
probably  motionless,  drawing  in  streams  of  water  through  their 
mouths  by  the  action  of  their  intestinal  cilia.  The  long  tubu- 
lar proboscis,  with  which  many  of  the  species  are  provided, 
would  be,  thus,  analogous  in  function  to  the  siphon  of  the 
acephalous  mollusca.  The  indigestible  particles  would  be, 
from  time  to  time,  thrown  out  through  the  mouth,  just  as  a 
Star-fish  or  a  Zoophyte  frees  itself  of  the  refuse  portions  of  its 
food,  by  casting  it  out  of  the  same  aperture  through  which  it 
entered 

10.   On  the  Theory  that  ffie  ambulacra!  and  ovarian  orifices  are 
ffie  oral  apertures. 

Assuming  that  the  four  objections  above  noticed  are  suffi- 
cient to  prove  that  the  aperture  which  I  call  the  mouth  is  not 
that  organ,  it  is  contended  that  the  Cystidea,  Blastoidea  and 
Palaeocrinidea  ingested  their  food  through  their  ambulacral  and 
ovarian  orifices.  This  appears  to  me  in  the  highest  degree  im- 
probable In  the  recent  Crinoids  the  grooves  of  the  arms  are 
occupied  by  four  sets  of  tubes,  which  Dr.  Carpenter  calls  the 
coeliac,  the  sub-tentacular,  the  ovarian  and  the  tentacular  canals. 
None  of  them  communicate  with  the  stomach.  It  is  impossi- 
ble that  the  most  minute  particle  of  food  could  gain  access  into 
the  interior  of  the  animal  through  any  of  them.  The  struc- 
ture of  the  arms  of  the  paleozoic  Cnnoids  is  such,  that  we 
must  presume  that  their  grooves  were  occupied  by  similar 
tubes,  which  passed  through  the  ambulacral  orifices  into  the 
perivisceral  space.  In  the  Cystidea  and  Blastoidea  the  respira- 
tory organs  were  not  situated  in  the  grooves  of  the  arms,  and 
the  ambulacral  orifices  were  therefore  only  ovarian  in  their 
function.  The  improbability  of  iheir  being  also  oral  aper- 
tures is  best  shown  by  an  illustration. 
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In  fig.  18,  is  represented  (natural  size)  the  apertures  of  the 

13.  14.         smallest  specimen  of  Caryocrinxis  ornatus) 

•— \        y'T^   in  ^1^  collection,  selected  for  the  present 

I  \    L       o  purpose  because  in  the  young  of  this  spe- 

V    ®    J    V.®  y  ^^^  the  valvular  orifice  is  larger  in  pro- 

^^ y     ^ — 'y    portion  to  the  size  of  the  disc,  than  it  is  in 

the  adult  It  is  in  this  specimen,  about 
one-third  of  the  whole  width  of  the  apical  disc,  while  in  a  full 
grown  Garyocrinvs  it  is  only  one-ninth  of  the  widtL  The 
same  proportional  size  of  the  mouth  according  to  age,  occurs  in 
Antedon  rosaceus.  The  valvular  mouth  at  first  is  as  wide  as 
the  disc.  But  as  the  age  of  the  animal  increases  the  disc  grows 
wider  but  the  mouth  does  not  Th6  ovarian  pores  in  Caryocru 
nus  are,  however,  as  large  in  the  small  ones  (once  they  make 
their  appearance)  as  they  are  in  those  fiill  grown.  For  recog- 
nizing tnese  as  ovarian  pores  we  have  the  following  reasons : — 

1.  They  are  situated  at  the  bases  of  the  arms  where  the  ovarian 
tubes  must  pass  fix>m  the  grooves  into  the  perivisceral  cavity. 

2.  When  compared  with  the  ovarian  pores  of  a  Sea-urchin  they 
have  the  same  size,  form  and  aspect  Fig.  14,  represents  the 
ovarian  pores  of  the  Sea-urchin  Toxopnetistes  Drobachiensis  Ag. 
natural  size  and  arrangement  It  may  not  appear  at  first  view 
that  this  latter  comparison  has  any  probative  enect  But  it  has, 
in  this  way.  If  these  apertures  in  Caryocrinvs  were  large  open- 
ing a  line  wide,  as  are  some  of  the  ambulacral  orifices  of  the 
Crmoids,  I  would  say  that  they  were  unlike  true  ovarian  apertures. 

According  to  the  new  theorv,  this  Echinoderm  Caryocrinvs 
omatus  was  a  polystome  animal^  and  drew  in  its  food  through 
its  six  ovarian  apertures,  the  large  valvular  orifice  being  tne 
anus.     To  me  this  appears  to  be  utterly  incredibla 

In  fig.  14  I  have  represented  the  mouth  of  Leahia  mirabilis 
Gray.  Both  Dr.  I.  E.  Gray  and  Prof  Lovdn  have  pronounced 
this  aperture  to  have  the  structure  of  the  valvular  orifice  of  the 
Cystidea.  I  have  not  the  slightest  doubt  whatever  but  that  the 
mouth  of  the  Oystideans  foreshadows  that  of  the  Sea-urchins. 
There  is  nothing  whatever  in  its  structure  to  show  that  it  is  not 
the  mouth  but  on  the  contrary. 

The  new  theory  is  not  founded  upon  any  peculiarities  in  the 
structure  of  the  ambulacral  orifices,  which  would  show  that 
they  are  oral  apertures,  but  only  upon  the  four  objections 
above  noticed.  The  first  of  these  is  not  logical,  while  at  the 
same  time  it  is  purely  theoretical,  and  avails  nothing  against 
material  and  visiole  facts.  The  fourth  is  completelv  disposed 
of  by  Dr.  Carpenter's  observations,  which  prove  that  in  the 
Crinoidea  the  arms  have  no  share  whatever  in  the  ingestion  of 
food.  The  second  and  third  objections  are  the  same  in  sub- 
stance, i  e.,  according  to  the  second  the  supply  of  water  to  the 
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mouth,  is  diminished  by  the  occurence  of  a  Platycerus  over  it, 
while,  according  to  the  third,  the  same  effect  is  produced  by 
the  small  size  of  the  aperture  itself  in  some  instances.  It  does 
not  require  much  consideration  to  convince  one,  that  if  these 
two  objections  are  fatal  to  my  views,  they  are  equally  so  to  the 
opposite  theory.  In  C.  stelli/ormis,  for  instance,  the  pores 
through  which  we  must  suppose  the  ovarian  tubes  issued  from 
the  interior  are  only  large  enough  to  -fidmit  of  the  passage  of  a 
fine  hair.  They  are  scarcely  visible  to  the  nakea  eye.  The 
tube,  under  any  circumstances,  must  have  filled  them  almost 
entirely.  If  any  space  at  all  were  left  for  the  passage  of  a 
stream  of  water  thix)ugh  the  pore  by  the  side  of  the  tube  it 
must  have  been  exceedingly  minute. 

When  weighed  as  above,  therefore,  the  evidence  gives  the 
following  results : — The  first  and  fourth  objections  avail  noth- 
ing. The  second  and  third  militate  against  both  theories.  But 
when  we  take  into  account  that  in  no  instance,  in  the  existing 
Echinodermata,  where  ovarian  pores  occur,  are  they  at  the  same 
time  oral  orifices,  the  balance  seems  to  be  in  &vor  of  my  view. 
This  is  all  I  desire  to  say  upon  the  subject  at  present  Although 
I  now  firmly  believe  that  the  valvtdar  orifice  in  the  Cystidea, 
the  larger  lateral  aperture  of  the  Blastoidea,  and  the  so-called 
proboscis  of  the  paleozoic  Crinoids  are  all  oro-anal  in  function, 
yet  I  shall  not  maintain  that  view  obstinately  against  good 
reason  shown  to  the  contrary. 


Art.  XXrV*. — Contnbutions  to  Chemistry  from  ike  Laboratory  of 
the  Lawrence  Scientific  School     No.  12. 


On  the  precipitation  ami  determination  of  the  metals  of  the  magne- 
sium group  in  the  form  of  oxalates;  by  W.  GouLD  Leison. 

Prof.  Gibbs  has  recently*  called  attention  to  the  feet  that  a 
number  of  metallic  oxyds  may  be  completelj^  precipitated  from 
their  neutral  solutions  by  means  of  oxalic  acid,  provided  that  a 
large  excess  of  alcohol  be  also  added.  As  it  is  not  easy  to 
obtain  precise  quantitative  results  by  igniting  the  oxalates  so 
precipitated,  in  consequence  of  the  extreme  subdivision  of 
the  resulting  oxyds,  Prof  Gibbs  suggested  the  employment  of 
potassic  hypermanganate  for  the  coinbustion  of  the  oxalic  acid, 
a  method  which — ^as  is  well  known — ffives  excellent  results  in 
the  case  of  calcic  oxalate  precipitated  in  the  ordinary  manner. 
The  following  investigation  was  undertaken  for  the  purpose  of 
testing  this  method  of  analysis : — 

*  This  Journal,  zliy,  p.  213. 
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Cadmium. — Cadmic  sulpliate  was  dissolved  in  tlie  least  possi- 
ble quantity  of  water,  oxalic  acid  added  iu  excess,  and  tnen  a 
large  quantity  of  strong  alcohol  The  resulting  oxalate  was 
beautiriilly  crystalline,  and  the  precipitation  was  so  complete 
that  SH,  gave  in  the  filtrate  a  scarcely  perceptible  yellowish 
tinge.  The  oxalate  was  washed  with  alcohol  by  Bunsen's 
method  and  dried  at  110**  C,  until  every  trace  of  alcohol  was 
expelled.  The  filter  was  then  pierced  with  a  glass  rod,  and 
the  cadmic  oxalate  washed  into  a  flask  with  hot  diluted  sul- 
phuric acid.  A  few  cubic  centimeters  of  strong  sulphuric  acid 
were  then  added,  and  the  hot  solution  titrated  with  potassic 
hypermanganate.  In  this  manner  four  experiments  gave  4419 
pr.  ct,  44*66  pr.  ct,  44*88  pr.  ct,  and  44*2y  pr.  ct  of  cadmium, 
as  computed  fi-om  the  oxalic  acid.  These  results  are  all  much 
too  high,  and  show  that  the  acid  had  acted  sensibly  upon  the 
filter.  Two  other  experiments  were  then  mada  In  the  first 
a  hot  solution  of  ammonic  sulphate  was  used  as  a  solvent  for 
the  oxalate ;  in  the  second  hot  dilute  chlorhydric  acid  was  em- 
ployed. Of  the  hypermanganic  solution  employed  100  c.  c. 
contained  0*1108  gr.  of  available  oxygen. 

L  0*4380  gr.  cadmic  sulphate  required  24*5  c.o.  hypermanganate 

=  43*68  pr.  ct.  CcL 
n.  0*8724  gr.  cadmic  sulphate  required  21*1  c.c.  hypermanganate 
=  48*74  pr.  ct.  Cd. 

The  received  formula  8CdS0^  +8H3O  requires  48*75  pr.  ct     In 
these  two  analyses  the  filters  were  not  broken. 

Barium, — Baric  chlorid  gave  extremelv  variable  results  in 
my  first  experiment,  notwitfiatanding  the  fact  that  the  barium 
is  completely  precipitated  by  oxabc  acid  and  alcohol.  The 
resulting  oxalate,  after  washing  and  drying,  was  not  completely 
decomposed  by  sulphuric  acid,  which  appeared  to  form  a  crust 
erf  banc  sulphate  upon  the  crystals  of  the  oxalate.  This  diffi- 
culty was  finally  overcome  by  dissolving  the  baric  oxalate  in 
chlorhydric  acid  and  diluting  the  solution  lai^ely.  In  this 
manner: 

0*6606  gr.  baric  chlorid  required  80  c.c.  hypermanganate  ==  66*21 
pr.  ct  Ba  (100  c.c.  hypermanganate  solution  contained  0*058 
gr.  available  oxygen).  The  formula  BaCl,  +  2H2O,  requires 
56*15  pr.  ct.  Ba. 

Strontium. — ^To  avoid  the  use  of  paper  filters  so  as  to  be 
able  to  employ  sulphuric  acid  as  a  solvent,  I  resorted  to  sand 
filters.  A  light  fdnnel  was  ground  truly  conical  near  the  throat 
A  little  pear  of  glass  with  a  long  stem  was  then  dropped  into 
the  funnel,  stem  upward.  In  this  manner  a  valve  was  formed 
impassible  to  the  sand  laid  upon  the  baU  of  the  glass,  but 
allowing  liquids  to  pass  fireely.    By  means  of  the  stem  the  valve 
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oould  be  lifted  from  its  seat,  and  the  sand  and  precipitate 
washed  together  into  a  flask,  after  carefal  drying.  With  this 
arrangement : 

0*4292  gr.  etrontio  nitrate  required  4Y'8  cc.  hypermanganate  = 
48-90  pr.  ct.  SrO. 

0'8667  gr.  strontio  nitrate  required  40*8  c.c.  hypermanganate  = 
48*90  pr.  ct  SrO.  (100  c.c.  hypermanganate  solution  con- 
tained 0*1099  gr.  available  oxygen.) 

The  formula  Sr(N03),  requires  48*98  pr.  ct  SrO.  Sulphuric 
acid  only  was  used  to  decompose  the  oxalate. 

Calcium. — ^Iceland  spar  was  dissolved  in  chlorhydric  acid, 
and  the  solution  treated  with  oxalic  acid  and  alcohol  The  fil- 
trate contained  calcium.  When,  however,  the  solution  was 
evaporated  to  dryness  before  adding  alcohol,  and  the  oxalate 
was  washed  on  a  sand  filter,  no  traces  of  calcium  could  be  de- 
tected in  the  filtrata     In  this  manner : 

0*6090  gr.  CaCOg  required  70*6  cc.  hypermanganate  =  66*10  pr.  ct 

CaO.     (100  cc.  hypermanganate  corresponded  to  0*11669  gr. 

oxygen.) 
0*6690  gr.  CaCO,  required  77*6  cc  hypermanganate  =  66*08  pr.  ct 

CaO.     noo  cc  hypermanganate  corresponded  to  0*11496  gr. 

oxygea) 

The  formula  requires  56*00  pr.  ct  CaO.  Sulphuric  add  only 
was  employed. 

Magnesium. —When  magnesic  sulphate  is  treated  with  oxalic 
acid,  the  mixture  evaporated,  but  not  to  dryness,  and  alcohol 
added,  the  filtrate  is  perfectly  fi-ee  fix)m  magnesium.  In  this 
manner: 

0*8243  gr.  MgSO.  +  7H,0  required  89*6  cc  hypermanganate  = 

16*18  pr.  ct  MgO. 
0*3949  gr.  MgSO.  +  7HgO  required  48*4  cc  hypermanganate  = 

16*26  pr.  ct  MgO. 

In  these  analyses  the  oxalate  was  collected  on  a  paper  filter 
and  washed  into  the  fiask  with  water  after  pierciM  the  filter, 
which  was  washed  with  cold  dilute  sulphuric  acid.  Tne  formula 
requires  16*26  pr.  ct 

^inc — Zinc  is  completely  thrown  down  firom  its  sulphate  by 
the  unmodified  process.  The  oxalate  forms  an  extremely  fine 
powder.  A  sand  filter  and  warm  dilute  sulphuric  acia  were 
employed. 

0*9301  gr.  sulphate  required  47*1  c.c  hypermanganate  =  28*14 

pr.  ct  ZnO. 
1*0788  gr.  sulphate  required  64*6  cc  hypermanganate  =  28*16 

pr.  ct.  ZnO. 

The  formula  reqxdres  28*22  pr.  ct  ZnO. 
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CobaU, — Perfectly  pure  anhydrous  cobaltous  chlorid  was  pre- 
pared by  igniting  cnlorid  of  purpnreo-cobalt  The  chlorid  was 
then  precipitated  by  oxalic  acid  and  alcohol,  collected  on  a  sand 
filter  and  digested  with  dilute  sulphuric  acid.  The  solution 
was  intensely  red.  A  solution  of  mckelous  sulphate  was  then 
added,  until  the  red  color  disappeared  and  a  faint  smoky  hue 
took  its  placa*    In  this  manner : 

0*4292  gr.  CoCla  required  47*8  c.c.  hypermanganate  =  46*30  pr.  ct 

Co. 
0*3667  gr.  C0CI2  required  40*8  c.c.  hypermanganate  =  46-37  pr.  ct. 

Co. 

The  formula  requires  45*88  pr.  ct  (Co  =  59). 

Nickel — ^In  the  case  of  mckelous  sulphate  it  was  found  nec- 
essary, after  adding  the  oxalic  acid,  to  concentrate  the  mixture 
on  a  water  bath  before  adding  alcohol,  and  then  farther  digest 
for  about  half  an  hour,  replacing  the  alcohol  as  fest  as  it  evap- 
orated. The  oxalate  was  collected  on  a  paper  filter,  and,  ^fter 
washing,  dissolved  in  ammonia  on  the  filter.  The  filtrate  was 
then  acidified  with  sulphuric  acid,  and  the  color  finally  dis- 
charged by  a  solution  of  cobaltous  sulphate.     In  this  manner : 

0*9686  gr.  nickelous  sulphate  required  42*2  c.c.  hypermanganate 

=  28-57  pr.  ct  NiO. 
1*0287  gr.  nickelous  sulphate  required  45*3  c.c.  hypermanganate 

=  28*68  pr.  ct  NiO. 

The  formula  NiSO^  +  6H,0  requires  28*24  pr.  ct  NiO  (Ni  = 
68),  but  it  is  very  difficult  to  obtain  the  sulphate  in  a  perfectly 
definite  state  of  nydration. 

Manganese. — Although  manganese  is  completely  precipitated 
from  its  soluble  salts  by  oxalic  acid  in  the  presence  of  alcohol, 
my  results  with  the  method  have  not  been  satisfectory,  owing 
as  I  suppose  to  my  not  having  a  definite  salt  for  analysis.  The 
following  analyses  show  at  any  rate  that  closely  corresponding 
results  can  be  obtained  when  the  same  substance  is  taken : 

0*3760  gr.  manganous  oxalate  required  30*60  c.c.  hypermanganate 

=  88*38  pr.  ct  MnO. 
0*4013  gr.  manganous  oxalate  required  32*66  c.c.  hypermanganate 

=  38*38  pr.  ct  MnO. 

The  salt  2CaMnO^  4-  5Hj,0  when  dried  in  air  requires  87*77 
pr.  ct.  MnO,  while  the  salt  analyzed  was  dried  at  100°  C.  In 
like  manner  two  analyses  of  a  sulphate,  which  had  probably 
absorbed  a  little  water,  gave  45*28  pr.  ct  and  45*29  pr.  ct  of 
MnO.  The  crystallized  sulphate  MnSO^  +  7Hj,0 requires  46*67 
pr.  ct 

*  Comparoi  as  regards  this  method,  W.  Gibbs,  in  this  Journal,  voL  xiv,  p.  204. 


Digitized  by  VjOOQ  IC 


244      J,  H,  Talbot — Precipitation  of  Zinc  and  Manganese, 

Iron, — Q-ood  results  could  not  be  obtained  by  tbe  application 
of  this  method  to  the  determination  of  iron,  but  I  am  not  at 
present  able  to  assign  the  reason  of  the  failure  in  this  casa 

To  complete  my  work  it  remains  for  me  to  point  out  the 
applicability  of  the  process  to  the  determination  of  the  whole 
quantity  of  oxygen  contained  in  a  number  of  bases  present 
together  in  solution — ^a  problem  which  is  sometimes  of  interest 

Sulphates  of  Manganese,  Magnesium,  Nickel,  Cobalt,  Cad- 
mium and  Zinc  in  undetermined  quantities  were  dissolved  to- 
gether in  water,  and  the  solution  well  shaken.  Four  portions, 
of  100  C.C.  each,  were  then  taken,  and  the  acid  determined  in 
each  by  baric  chlorid.  In  two  other  equal  portions  the  bases 
were  precipitated  as  oxalates  and  titratea  as  abova  The  oxy- 
gen in  the  acid  was  then  calculated  from  the  amount  of  baric 
sulphata  In  this  manner  it  was  found  that  the  oxygen  in  the 
acid  was  to  that  in  the  mixed  bases  as  3  to  1  very  nearly,  the 
precise  ratio  being  in  the  one  case  as  0*054  is  to  0018  and  in 
the  other  as  0O55  is  to  0O18.  Another  e^)eriment  was  made 
with  a  crysfedlized  dolomite  containing  0*45  pr.  ct  of  insoluble 
residua  The  lime,  magnesia  and  iron  were  precipitated  to- 
gether, and  titrated  as  oxalates ;  the  carbonic  acid  was  deter- 
mined by  ignition.  In  this  manner  the  oxygen  of  the  add 
was  found  to  be  to  the  oxygen  in  the  bases  as  34*48  is  to  17  "28. 
The  bases  after  ignition  amounted  to  52*41  pr.  ct 

In  another  experiment  with  a  dolomite  from  a  different  local- 
ity containing  0*18  pr.  ct  of  insoluble  residue,  the  oxygen  ratio 
was  found  to  be  as  84*56  is  to  17*28,  the  bases  amounting  to  52-38 
pr.  ct  If  we  calculate  the  relative  quantities  of  calcic  and 
magnesic  carbonates  from  the  sum  of  the  two  oxyds  in  the  last 
analysis  and  the  oxygen  found  by  titrating  the  oxalate,  we  find : 

MgCOg         ....        42*77 

CaCOj 57-07 

InsoL  residue         -        -  0*13 

99*97 
the  small  (juantity  of  ferrous  oxyd  present  being  neglected. 
This  analysis  will  serve  to  show  the  applicability  of  the  method 
in  indirect  analvses.  My  results  appear  to  me  to  ftimish  a  gen- 
eralization of  the  use  of  potassic  nypermanganate,  which  will 
be  received  with  favor  bv  those  who  employ  this  reagent  fi^ 
quently  in  volumetric  analyses. 

§2. 

On  new  analytical  processes  ;  by  J.  H.  Talbott. 

1.  On  the  precipitation  of  zinc  and  manganese  as  sulphids.— 
Zinc  is  thrown  down  from  cold  solution  by  an  alkaline  sulphid 
in  the  form  of  a  slimy  mass  which  settles  slowly  and  is  ex- 
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tremely  difficult  to  wasL  The  precipitation  is,  however,  more 
complete  than  when  sodic  carbonate  is  used,  and  may  be  ren- 
dered very  easv  and  rapid  by  the  following  process :  The  solu- 
tion of  zinc,  it  acid,  is  to  be  neutralized  as  nearly  as  possible 
by  sodic  or  ammonic  carbonata  To  the  boiling  solution  sodic 
or  ammonic  sulphid  is  to  be  added,  a  large  excess  being  very 
carefully  avoids!  The  white  precipitate,  on  continued  boiling, 
soon  becomes  granular,  and  settles  readily.  The  supernatant, 
clear  liquid  is  then  to  be  tested  with  a  drop  of  the  alkaline  sul- 
phid, to  be  sure  of  complete  precipitation,  and  the  sulphid 
then  washed  with  hot  water  by  Bunsen's  method.  The  filtrate 
is  perfectly  clear,  and  absolutely  fi^ee  fix)m  zinc ;  the  washing  is 
easy  and  rapid.  The  sulphid  of  zinc  is  then  to  be  partially 
dried  with  tne  filter,  in  the  manner  recommended  by  JBunsen, 
brought  into  a  porcelain  crucible  and  ignited,  at  first  gently, 
and  afterward  strongly  with  firee  access  of  air.  The  expulsion 
of  the  last  traces  of  sulphuric  acid  is  much  facilitated  by  occa- 
sionally dropping  fragments  of  anmionic  carbonate  into  the 
crucibla  Pure  ZnO  finally  remains,  the  ignition  being  contin- 
ued until  a  constant  weight  is  obtained.  In  this  manner  the 
following  results  were  obtained : 

0-3216  gr.  pure  ZnO  gave  0-3216  gr.  =  100-00  pr.  ct. 
0-3208  gr.  "  "  "  0-8209  gr.  =  10003  pr.  ct. 
0-2412  gr.  "  "  "  0-2410  gr.  =  09-91  pr.  ct. 
0-1786  gr.    **       "       "     0-1784  gr.=    99-94  pr.  ct 

In  zincic  sulphate,  which  had  probably  lost  a  little  water: 

0-6486  gr.  gave  0*1861  gr.  ZnO  =  28-64  pr.  ct 
0-6610  gr.  "  0-1868  gr.  "  =  28-64  pr.  ot 
0-8198  gr.     "     0-2338  gr.     "     =  28-62  pr.  ct 

The  formula  requires  28*29  pr.  ct  ZnO.  The  advantages  of 
this  process  over  the  older  methods  of  precipitating  in  the  cold 
are,  I  think,  very  evident,  even  if  only  the  saving  of  time  be 
taken  into  consideration. 

Manganese  may  be  precipitated  completely  fix)m  its  boiling 
solutions  by  precisely  the  same  procesa  The  flesh-colorea 
sulphid  is  granular  and  sometimes  even  sandy,  though  not 
distinctiy  crystalline,  and  may  be  washed  with  the  utmost 
fecility.  The  precipitated  sulphid,  after  washing  upon  a  filter, 
is  to  DC  redissolvea  in  chlorhydric  acid,  and  precipitated  as 
anmaonio-phosphate  in  the  manner  proposed  by  Prof  Gibba 
To  test  the  method  with  a  perfectly  definite  salt  of  manganese, 
manganous  pyrophosphate  was  selected,  dissolved  in  dilute 
chlomydrio  acid,  and  the  solution  nearly  neutralized  by  sodic 
carbonata  To  the  boiling  solution  sodic  sulphid  was  then 
added,  and  tiie  manganese  finally  weighed — ^in  one  analysis  as 
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pyrophosphate,  in  another  as  anhydrous  sulphid  by  ignition 
m  a  cnrrrent  of  SH^.     In  this  manner : 

0-3132  gr.  MngPaO,  gave  0-3126  gr.  Mn^PaOy  =  49-66  pr.  ct 

MnO. 
0-3786  gr.  Mn^PgO,  gave  0-2310  gr.  MnS  =  49*66  pr.  ot  MnO. 

The  formula  requires  49*64  pr.  ct  MnO.  It  is  perhaps  worthy 
of  notice  that  ammonic  sulphid  does  not  completely  decompose 
maiiganous  pyrophosphate  under  the  circumstances  above  de- 
scribed. The  greater  portion  of  the  salt  is  precipitated  at  once 
as  crystalline  ammonio-phosphate  of  manganese. 

2,  On  Hie  qtcantitative  separation  of  tin  and  tungsten. 
The  quantitative  separation  of  tin  firom  tungsten  has  always 
been  regarded  as  a  difficult  problem  not  hitherto  solved  in  a 
satisfactory  manner.  The  following  method  will,  I  think,  be 
found  to  leave  nothing  to  be  desired  as  respects  both  ease  and 
accuracy.  It  depends  upon  the  fact  that  stannic  oxyd,  SnO,, 
is  reduced  by  potassic  cyanid  with  great  facility,  while  tungstic 
acid,  WO  3,  undergoes  no  reduction,  even  when  heated  with  the 
cyanid  to  a  high  temperatura  The  oxyds  of  tin  and  tungsten 
are  to  be  heated  in  a  porcelain  crucible  with  8  or  4  times  their 
weight  of  commercial  potassic  cyanid,  previously  ftised,  pulver- 
ized, and  thoroughly  mixed  with  the  two  oxyds.  The  mass  is 
kept  fused  for  a  short  time,  when  the  tin  separates  in  the  form 
of  metallic  globules,  while  the  tungstic  acid  unites  with  the 
alkali  of  the  potassic  cyanate  and  carbonate  present  After 
cooling,  the  mass  is  to  oe  treated  with  hot  water,  which  dis- 
solves the  alkaline  tungstate  and  other  salts,  and  leaves  the  tin 
as  metal  This  is  to  be  filtered  off,  washed^  dried  and  weighed 
as  stannic  oxyd  after  oxydation  in  the  crucible  with  nitric  acid. 
The  tungstic  acid  is  most  conveniently  estimated  by  the  differ- 
ence, but  may  of  course  be  precipitated  by  mercurous  nitrate, 
after  boiling  the  solution  with  nitric  acid  to  decompose  the  ex- 
cess of  potassic  cyanid  present,  and  then  redissolvmg  the  pre- 
cipitatea  tungstic  acid  oy  means  of  an  alkali.  To  test  the 
method,  weighed  portions  of  pure  stannic  and  tungstic  oxyds 
were  mixed  and  treated  as  above : 

0-6662  gr.  SnOg  and  0*6880  gr.  WO3  gave  0*6679  gr.  SnO^  = 
63*24  pr.  ct  The  calculated  percentage  of  stannic  oxyd  is 
here  63*11. 

0-7098  gr.  SnOj,  and  0*6460  gr.  WO 3  gave  0*7096  gr.  SnO,  = 
66*61  pr.  ct,  the  calculated  percentage  being  66*52. 

0-6378  gr.  SnO,  and  0*4373  gr.  WO3  gave  0-6406  gr.  SnO^  = 
66-43  pr.  ct.,  the  calculated  percentage  being  66*16. 

0*6073  gr.  SnOa  and  0*4334  gr.  WO3  gave  0*6081  gr.  SnO^  and 
0*4349  gr.  WO 3.    This  corresponds  to 
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Found.  OaloulatecL 

Stannic  oxyd,  64-01  63-92 

Tungstic  oxyd,  46-23  46*08 


100-24  100-00 

As  it  mifflit  perhap  be  objected  to  the  examples  given  above 
that  I  employed  only  purely  mechanical  mixtures  of  stannic 
and  tungstic  acids,  and  that  this  is  not  the  case  which  occurs  in 
practice,  I  made  the  foUowii^  additional  analyses :  Portions  of 
the  two  metallic  oxyds  were  rased  in  a  silver  crucible  with  pure 
sodic  hydrate ;  the  fused  mass  was  then  dissolved  in  water  and 
the  two  oxyds  precipitated  together  from  the  solution  by  nitric 
acid  with  the  usual  precautions.  The  ignited  mixed  oxyds 
were  then  fused  with  potassic  cyanid,  as  abova  In  this  man- 
ner: 

0'Y292  gr.  of  a  mixture  of  SnOa  and  WO3  gave  0-4211  gr.  SnO^ 

=  67-74  pr.  ct. 
0-9826  gr.  of  the  same  gave  0-6661  gr.  SnOj,  =  67'61  pr.  ct 

Tin  cannot  be  separated  from  molybdenum  by  fusing  the 
mixed  oxyds  with  potassic  cyanid,  as  the  molybdic  acid  is 
always  more  or  less  completely  reduced  to  a  lower  oxyd. 

§8. 

On  the  treatment  of  gdaiinous  precipitates;  by  Thomas  M. 
Chatabd. 

The  inconveniences  and  loss  of  time  which  attend  the  wash- 
ing of  gelatinous  precipitates  are  femiliar  to  all  chemists.  Even 
the  methods  of  washing  recently  introduced  by  Bunsen  are  not 
always  perfectly  satisfactory  in  their  operation  when  applied 
to  this  class  of  substances.  The  following  method  will  be 
found,  I  think,  to  give  results  which  leave  nothing  to  be  de- 
sired :  The  solution  containing  the  substance  to  be  determined 
is  to  be  simply  evaporated  to  perfect  dryness  with  a  small  ex- 
cess of  the  precipitant,  and  the  gelatinous  mass  stirred  with  a 
rod  until  it  becomes  a  perfectly  dry  powder.  In  this  manner 
the  precipitate  diminishes  extremely  m  bulk,  and  may  then  be 
wasned  with  the  greatest  ease  upon  the  filter.  The  evaporation 
is  usually  eflEected  with  suflBcient  rapidity  on  a  water  bath.  The 
following  analyses  will  be  sufBcient  to  show  the  degree  of  pre- 
cision attainable  by  this  process  in  the  cases  of  some  of  the 
more  familiar  precipitates:  Weighed  portions  of  potassic  di- 
chromate  were  dissolved  in  very  small  portions  of  water,  re- 
duced with  chlorhydric  acid  and  alcohol,  the  excess  of  alcohol 
expelled,  and  ammonia  added  in  excess.  After  evaporation,  in 
the  manner  above  described,  the  chromic  sesquioxyd  presented 
a  greenish  blue  granular  powder  very  easily  wash^ 
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0-7782  gr.  KaCraO,  gave  0-4028  gr.  CraO,  =  68*02  pr.  ct.  chro- 
mic acid. 

1-6646  gr.  KgCraO,  gave  08102  gr.  Cr^Oj  =  68-13  pr.  ot  chro- 
mic acid. 

The  formula  requires  68'04  pr.  ct 

Alumina  treated  in  the  same  manner  is  also  very  easy  to 
wasL 

2-4097  gr.  potassic  alum  gave  0-2626  gr.  Al,Oj  =  10-89  pr.  ct. 
1-9571  gr.       «  "         "      0-2180  gr.      «       =  10-88  pr.  ct. 

The  formula  requires  10-86  pr.  ct 

The  process  applies  with  almost  equal  advantage  to  iron. 
Weight  portions  of  ammonio-ferrous  sulphate  were  oiEsolved  in 
water,  ana  sodic  chlorid  added  in  large  excess  to  furnish  solid 
matter  to  be  washed  out  The  iron  Was  then  oxydized  with 
nitric  acid,  precipitated  by  anmionia,  and  evaporated  as  above 

1-5824  gr.  gave  0-8229  gr.  Fe^Og  =  14-28  pr.  ct  Iron. 
1-4840  gr.  gave  0*8019  gr.      "      =  14-24  pr.  ct  Iron. 

The  formula  requires  14-29  pr.  ct 

Nickelous  carbonate  also  loses  its  gelatinous  character  when 
treated  as  above.  0*2201  gr.  metalhc  nickel  gave,  after  solu- 
tion, precipitation  as  carbonate,  and  reduction  by  hydrogen, 
0-2199  gr.  metallic  nickel  =  99-91  pr.  ct  of  tiie  quantity  taken. 
Cobaltous  carbonate  may  be  treat^  in  the  same  manner,  but 
the  alkali  cannot  be  completely  washed  out,  and  the  method  is 
in  this  case  not  to  be  recommended. 

It  seems  at  least  extremely  probable  that  other  gelatinous 
oxyds  and  hydrates  will  give  equally  good  results  when  treated 
in  the  manner  which  I  have  described. 

§4. 

On  the  precipitation  of  anUmorums  sulphid  from  boiling  solutions ; 
by  Stephen  P.  SHABPLEa 

In  the  precipitation  of  antimonous  sulphid  I  have  found  it 
of  very  great  advantage  to  employ  the  following  process :  tito 
the  solution,  containing  as  usual  tartaric  and  fiee  chlorhjdric 
acid,  a  current  of  sulphydric  acid  gas  is  to  be  passed,  the  hquid 
being,  during  the  passage  of  the  gas,  gradually  heated  to  Ae 
boiling  point  The  boiunjg  is  then  to  be  continued  for  15  or 
20  minutes,  the  current  of  gas  passing  uninterruptedly,  until 
the  voluminous  sulphid  has  become  a  dense  granular  powder, 
oocupjing  but  a  small  portion  of  the  original  volume  of  the 
sulphid.  The  sulphid  may  then  be  washM  with  great  facility, 
and  dried  upon  a  sand  filter  at  200^^800''  C.  All  the  deter- 
minations 01  antimony  made  in  this  Laboratory  for  some  years 
have  been  executed  in  this  manner,  the  results  leaving  nothing 
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to  be  desired.  Arsenous  sulphid  does  not  become  granular 
and  dense  under  the  same  circumstances.  In  this  connection  I 
may  be  permitted  to  mention  that  the  sulphids  of  nickel  and 
cobalt,  when  precipitated  from  boiling  solutions  in  the  manner 
recommended  by  Prof  Gibbs  some  years  since,  should  be  fil- 
tered off,  and  washed  immediately  after  precipitation.  In  this 
manner  there  is  no  oxydation  upon  the  filter,  even  during  the 
drying  of  the  precipitate.  But  if  the  sulphids  are  allow^  to 
stand  in  the  solution  from  which  they  have  been  precipitated, 
for  even  a  few  hours,  they  will  usually  oxydize  upon  the  filter 
during  the  washing. 

§5. 

On  the  introduction  of  the  principle  of  repetition  into  chemical 
analysis;  by  Bryant  Godwin. 

The  method  of  repetition,  so  fi-equently  and  so  advantageously 
employed  in  physical  investigations,  has  not,  so  far  as  I  am 
aware,  been  applied  to  chemical  analysis.  It  seems  at  least  de- 
sirable that  it  should  be  so  applied,  and  I  will  here  give  a  par- 
ticular instance  in  which  it  may  be  employed  with  advantage. 
In  the  determination  of  iron  6y  means  of  potassic  hyperman- 
ganate,  all  the  iron  is,  at  the  end  of  the  operation,  in  the  form 
of  sesquioxyd,  while  there  is  also  a  very  small  excess  of  unre- 
duced hypermanganate.  When  the  solution  is  boiled  for  a 
short  time  with  pure  zinc-dust  and  then  filtered  through  a 
ribbed  filter,  which  is  quickly  washed  with  water  previously 
boiled  to  expel  air,  the  iron  is  wholly  in  the  form  of  ferrous 
oxvd,  and  the  process  of  titration  may  be  repeated  a  second  time.. 
After  a  new  reduction  the  iron  may  again  be  determined,  and 
this  process  may  be  repeated  until  the  volume  of  liquid  becomes, 
too  large  to  be  easily  handled.  The  following  analyses  werQ 
made  to  test  this  process : 

0-4725  gr.  ammonio-ferrous  sulphate  required  in  5  successive  titra- 
tions 49*0,  47*2,  48*7,  48*0,  48'5  cubic  centimeters  of  potassic 
hypermz^nganate,  1  cc.  corresponding  to  0*0014  gr.  iron, 
llie  mean  of  these  5  determinations  gives  14*31  pr.  ct.  iron  in 
the  salt. 

0*4888  gr.  required  in  7  successive  titrations  49*6,  48*75,  60'5j  49*8, 
49*7,  49*8,  49*6  c.c.  of  hypermanganate,  the  mean  of  which 
gives  14*23  pr.  ct.  iron. 

The  formula  requires  14*27  pr.  ct 

These  analyses,  which  witn  more  practice  and  experience  on 
my  part  would  doubtless  have  corresponded  much  more  closely, 
will  at  least  serve  to  show  that  the  principle  of  repeated  obser- 
vations of  the  same  quantity  to  be  measured  may  sometimes  be 
introduced  into  chemical  analysis. 
Am.  Jour.  Bol— Sbgokd  Sbbixs,  Vol.  I«,  No.  149.— 8spt.,  1870. 
16 
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Art.  XXYL—On  the  Oorona  seen  in  Total  Edipees  of  the  Sun; 
by  Professor  W.  A.  Norton. 

Cbrtain  observations  made  on  the  total  ecjipse  of  the  snn 
of  August  7,  1869,  have  led  some  of  the  observers  to  the  con- 
clusion that  the  corona  seen  on  that  occasion,  and  in  previous 
eclipses,  is  of  the  nature  of  a  Solar  Aurora.  It  is  jHX)per  that 
it  should  be  publicly  stated  that  this  theory  is  not  a  new  one. 
It  has  been  advocated  for  several  vears  by  the  author  of  the 
present  communication,  both  in  publications  and  in  public  lec- 
tures. It  is  essentially  involved  in  the  explanation  of  the 
Zodiacal  Light,  propounded  in  his  Treatise  on  Astronomy,  2nd 
edit  (1845) ;  ana  in  the  theoretical  views  set  forth  in  a  note 
appended  to  the  discussion  of  the  topic  of  Terrestrial  Magnet- 
ism, in  a  memoir  on  Molecular  Physics,  published  in  this  Jour- 
nal (1864-6).*  It  is  distinctly  presentea  in  the  last  edition  of 
the  Treatise  on  Astronomjr  (1867),  pp.  172,  174,  175,  and  17& 
I  propose,  in  a  communication  to  tne  next  No.  of  this  Journal, 
to  state  the  principal  ^rounds  upon  which  I  have  maintained 
the  auroral  origin  of  the  corona  in  diflferent  publications,  as 
well  as  give  the  results  of  my  own  observations  on  the  eclipse 
of  1869,  and  of  those  of  other  observers  of  that  and  previous 
total  eclipses,  which  lend  a  powerful  support  to  the  auroral 
theory  of  the  corona. 

This  introductory  notice  is  now  published  mainly  with  the 
view  of  calling,  at  an  early  day,  the  attention  of  astronomers 
who  mar  observe  the  eclipse  of  December  next,  to  the  impor- 
tance of  noting  the  exact  positions,  with  respect  to  the  plane  of 
the  sun's  equator,  of  the  more  prominent  portions  of  the  cor- 
ona. From  two  to  four  points  of  special  outstreaming  have 
been  observed  in  different  eclipses.  In  the  eclipse  of  laSt  year 
the  more  conspicuous  extensions  of  the  corona  were  nearly  in 
the  plane  of  the  sun's  equator,  and  from  the  vicinitv  of  the 
poles.  The  figure  of  the  corona,  accompanying  the  Keport  of 
r.  Prof  Capelotti  of  observations  on  the  eclipse  of  April  15, 
1866,  made  at  Chili,  shows  the  same  to  have  been  the  case  in 
that  eclipsa  The  delineations  of  the  corona  as  seen  in  other 
eclipses,  so  far  as  I  have  been  able  to  ascertain,  fail  to  give  any 
accurate  indication  of  the  positions  of  the  more  prominent  parts 
from  the  absence  of  all  lines  of  reference  in  the  drawings.  It 
is  to  be  hoped  that  observers  of  subsequent  eclipses  will  take 
the  precaution  to  ascertain  these  positions,  and  note  them  in 
their  Reports.  K  they  really  have  any  general  uniformity,  in 
different  eclipses,  the  fact  cannot  fail  to  throw  light  on  the  ori- 
gin and  nature  of  the  corona. 

♦  See  this  Journal,  vol.  xli,  No.  121,  pp.  76,  77. 


Digitized  by  VjOOQ  IC 


0-,  Finhy  on  Prthistoric  Archaeology  in  Gr^ce.        251 


Art.  XXYH — Observations  on  Prehistoric  Archaeology  in  Greece; 
by  George  Finlay,  LL.D.* 

A  PEW  objects  belonging  to  the  stone  period  were  observed 
in  Greece  before  it  was  known  that  they  are  relics  of  the  people 
who  inhabited  the  country  in  prehistoric  times.  The  pieces  of 
obsidian,  generally  called  flint  by  travelers,  that  were  picked 
up  on  the  tumulus  of  Marathon,  were  termed  Persian  arrow- 
heads. This  arose  from  a  strange  misapplication  of  the  men- 
tion of  stone  arrow-heads  having  been  employed  by  the  Ethio- 
pians in  the  army  of  Xerxes  by  Herodotus  (rolymnia,  vii,  69), 
who  says  they  used  short  arrows  of  reeds  pointed  with  a  stone 
with  waich  they  engraved  their  signets,  feut  why  Datis,  who 
can  hardly  have  had  any  Ethiopians  in  his  army,  thought  it 
expedient  to  bring  to  Marathon  immense  quantities  of  stone 
arrow-heads  has  not  been  explained.  They  do  not  appear  to 
have  been  likely  to  prove  emcient  missiles  against  Athenian 
hoplites.  Yet  a  sagacious  traveler  like  Dodwdl,  in  1805,  says 
that  he  found  "a  great  many  small  arrow-heads  of  black 
flint,  which  probably  belonged  to  the  Persian  army."f  Even 
Colonel  Leske,  the  ablest  and  most  observant  of  modem  trav- 
elers, was  misled  by  this  opinion.  He  says,  "while  I  was 
employed'  on  the  summit  of  the  Soros^  as  the  tumulus  of  the 
Athenians  is  called,  my  servant  amused  himself  in  gathering 
at  the  foot  of  the  barrow,  a  great  number  of  pieces  of  black 
flint  which  happened  to  strike  his  observation.  These  flints 
are  so  numerous,  and  have  been  so  evidently  chipped  by  art 
into  their  present  form  like  gun  flints,  that  there  is  good  reason 
for  believing  them  to  have  been  the  heads  of  arrows  discharged 
by  the  Persians  who  fought  at  Marathon,  and  to  have  been 
interred  with  the  Athenians  after  having  been  gathered  from 
every  part  of  the  plain  after  the  battle.  Herodotus  shows  that 
some  of  the  barbarians  were  armed  in  this  manner,  though  his 
remark  is  applied  not  to  the  army  of  Darius  but  to  ttiat  of 
Xerxes.  Flint  of  this  kind,  if  produced  in  any  of  the  adjacent 
parts  of  Gh-eece  is  at  least  very  rare."  {Travels  in  Northern 
Greece^  voL  ii,  p.  431).  The  great  quantity  and  small  size  of 
the  fragments  K)und  in  the  tumulus  of  Marathon  caused  the 
writer  of  these  pages  to  doubt  the  possibility  of  these  fragments 
having  anything  to  do  with  the  Persians,  for  such  feeble  weapons 
as  they  could  form  must  have  been  useless  against  the  panoply 
of  the  Greek  infantry  of  the  period.  Had  they  been  employed 
the  glory  of  Marathon  woidd  be  a  vain  boast     Sir  W  iUiam 

*  From  a  letter  to  Mr.  H.  T.  DeForest,  dated  Athens,  Feb.  26, 1870,  oommunl- 
cated  by  him  for  this  Journal 

J  A  classioal  and  topographical  tour  through  Greece  during  the  jears  1801, 1805 
1806,  by  Bdward  Dodwdl,  Bsq.,  vol  ii,  p.  169. 
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Gell,  in  his  Itinerary  of  Oreece^  pa^e  166,  mentions  that  similar 
fragments  of  flint  are  found  at  the  oxiaxri  6d6s^  where  was  the 
tomb  of  Laius,  and  he  adds  "  perhaps  a  confirmation  of  the 
discomfiture  of  the  barbarians  in  the  Odos  schiste,'^  These  frag- 
ments of  obsidian,  wherever  they  are  found  in  Greece,  are  now 
admitted  to  be  relics  of  prehistoric  times,  and  a  careful  exami- 
nation of  the  tumidus  of  Marathon  convinced  the  writer  of 
these  pages,  as  early  as  the  year  1835,  that  they  were  scattered 
about  in  the  soil  in  their  actual  state  when  it  was  heaped  up  to 
form  the  tumulus  over  the  bodies  of  the  Athenians  who  were 
slain  in  the  battla  The  material  is  obsidian  from  the  island  of 
Melos.     *    ♦    *    * 

No  traditions  of  the  existence  of  a  stone  period  appear 
to  have  reached  the  inhabitants  of  Greece  in  historic  times, 
though  the  mythical  history  of  the  remains  of  Tyrinths  and 
Lykosura  ascend  almost  to  the  prehistoric  ases.  As  I  have 
already  mentioned,  my  attention  was  first  callea  to  the  certainty 
that  a  numerous  race  of  people  in  Greece  used  stone  imple- 
ments by  the  fragments  of  obsidian  picked  up  on  the  tumulus 
at  Marathon.  I  subsecjuently  observed  that  similar  fragments 
of  obsidian  are  found  m  various  parts  of  the  neighborhood  in 
the  rear  of  the  Greek  position,  and  far  out  of  reach  of  the 
arrows  of  the  Persians.  I  also  found  myself  similar  chips  of 
obsidian  over  all  Attica,  and  in  many  parts  of  Greece,  and 
several  of  the  islands  of  the  Archipelago,  where  no  native 
obsidian  can  ever  have  existed,  which  I  visited  after  my 
attention  was  directed  to  the  subject  I  have  nicked  up  these 
so-called  Persian  arrow-heads  even  in  the  now  oarren  island  of 
Hydra.  My  first  notice  on  the  subject  was  published  in  the 
year  1886.  In  that  year,  while  examining  the  topography  of 
Attica  I  discovered  the  extensive  deposit  of  fossil  bones  at 
Pikermi,  of  which  there  is  a  valuable  collection  in  the  Museum 
of  Natural  History  at  Athens.  A  detailed  description  of  these 
remarkable  fossil  bones  was  published  by  Professor  Roth  of 
Munich,  in  the  Transactions  oi  the  Royal  Academy  of  Bavana, 
and  they  have  since  been  described  in  the  splendid  work  of 
Monsieur  A.  Gaudry,  Animaux  fossilea  et  Oeologie  de  VAtUque, 
In  a  notice  of  the  discovery  which  I  read  at  a  meeting  of  the 
Society  of  Natural  History  of  Athens  on  18th  December,  1836, 
I  observed  that  I  had  picked  up  fragments  of  obsidian,  called 
Persian  arrow-heads,  not  only  on  the  tumulus  of  Marathon  but 
also  at  Liosia  near  Aphidna,  at  Kakosialesi  near  Tanagra,  and 
at  Aghios  Kosmas  on  the  Attic  coast  When  my  memoir  on 
the  battle  of  Marathon,  which  was  read  to  the  Koyal  Society 
of  Literature  in  January,  1888,  was  printed,  I  adaed  a  note 
"concerning  the  pieces  of  flint  called  Persian  arrow-heads 
found  in  the  tumulus  at  Marathon."  (Transactions  of  the 
Royal  Society  of  Literature,  first  series,  4to,  voL  iii,  p.  892). 
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I  have  since  collected  several  specimens  of  stone  implements, 
particularly  celtes  that  is,  axes  and  chisels  very  similar  in  fonn  to 
those  found  in  the  lake  dwellings  of  Switzerland.  I  have 
obtained  six  specimens  of  jade,  one  of  which  I  have  presented 
to  the  Museum,  with  a  similar  piece  which  I  procured  at 
Robenhausen.  I  have  also  a  fine  small  axe  of  nephrite,  and 
several  others  of  extremely  hard  stones.  Unfortunately  it  has 
not  yet  been  in  my  power  to  ascertain  the  precise  mineralogical 
character  of  the  most  remarkable  of  my  specimens. 

I  have  obtained  several  fine  specimens  from  Dobrena  (the 
site  of  the  ancient  Thisbe)  where  a  lake  must  have  existed 
in  prehistoric  times,  and  where  there  is  still  a  marsL  Two 
small  axes  found  at  Orchomenas,  near  the  lake  Coptos,  were 
given  to  me  by  Mr.  Merlin,  Her  Majesty's  Consul  for  Northern 
Greece. 

Lake  dwellings  continued  to  exist  in  Macedonia  down  to  the 
time  of  Herodotus.  His  description  (Terpsichore,  v,  16)  proves 
that  the  dwellings  of  the  Pseonians,  in  the  Lake  Prasias,  were 
very  similar  to  those  constructed  on  the  lakes  of  Switzerland. 
"  They  who  dwell  on  the  lake  Prasias  construct  their  dwellings 
in  this  manner.     They  fix  strong  piles  in  the  lake,  and  on  these 

J)iles  they  fasten  plants,  making  abridge  with  a  narrow  entrance 
rom  the  land.  The  piles  supporting  tne  planks  were  in  former 
times  fixed  by  the  inhabitants  in  common,  but  afterward  the 
law  established  that  every  one  who  married  a  wife  (and  they 
take  many  wives),  should  bring  down  from  Mount  Orbclos 
three  piles  and  fix  them  in  the  laka  The  manner  of  their 
dwellings  is  in  this  ^Eishion.     Each  man  has  his  own  hut  on  the 

Siles,  and  a  trap  door  through  the  flooring  by  which  he  can 
escend  to  the  laka  The  young  children  are  tied  by  the  foot 
lest  thej  should  fell  into  the  water."  The  lake  Prasias  is  the 
lake  of  the  Stijmon  of  Thucydides,  v,  7,  the  Kerkinites  of . 
Arrian,  Anab.  1,  11,  8,  and  is  now  called  Tachyn6s,  from  a 
village  on  its  western  sida  The  fisheries  are  still  valuable  as 
they  were  in  ancient  times,  and  the  fish  caught  for  sale  are 
principally  carp,  tench  and  eels.  (Leake,  Travels  in  Northern 
Greece,  voL  iii,  198). 

The  description  which  Herodotus  gives  of  these  lake  dwell- 
ings makes  it  an  object  of  the  greatest  importance  to  the 
archselogists  of  Switzerland  and  Greece  that  the  lake  Prasias 
and  other  lakes  in  Macedonia,  Thessaly  and  Greece,  should  be 
careftiUy  examined  in  order  to  ascertain  whether  any  traces  can 
still  be  discovered  of  lake  dwellings.  Some  traces  of  the  piles 
on  which  dwellings  were  constructed  are  said  to  have  been 
observed  in  the  lake  Prasias,  in  1862,  by  Monsieur  Deville  of 
TEcoU  franr^aise  cCAthenes.  But  a  superficial  examination 
might  easily  lead  to  considering  stakes  for  nets  or  fishing  huts 
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as  remains  of  ancieDt  pile  dwellings,  and  a  searching  examina- 
tion of  the  locality  ought  to  be  undertaken  by  skillful  and 
experienced  observera 

The  lakes  in  Qreece  that  deserve  particular  attention  are,  the 
lake  Copais,  Hylica  or  Livadi^  ana  Paralinmi  in  Boeotia,  the 
lake  Tnchonis  with  its  connected  lake  Hyrie  in  Etalia,  the 
lakes  in  Acamania  and  the  lagoons  between  the  mouths  of  the 
Evenus  and  the  Achelous.  In  the  Peloponnesus  there  are,  the 
lakes  of  Pheneus  (which  becomes  in  alternate  periods  of  years 
a  deep  lake  as  at  present,  and  a  plain  that  dries  in  siunmers  as 
it  was  in  the  year  1821),  and  Stymphalus,  with  their  physical 
peculiarities  and  mythical  associations  running  back  toward  a 

Srehistoric  period.  The  lake  of  Orchomenos,  the  marsh  of 
[antinea,  tne  lakes  near  Tegea,  the  lagoons  at  the  mouths  of 
the  Eurotas  and  the  Alpheus,  and  the  marsh  at  Pylos,  (Pal»o 
A  varino)  aU  these  places,  and  some  others  that  might  be  pointed 
out,  offer  an  extensive  field  for  researcL  It  may  also  be  powssi- 
ble  to  identify  sites  of  prehistoric  habitations  in  the  mountains, 
from  the  remains  found  in  their  vicinity.  Such  positions  would 
have  been  selected  because  they  were  easily  defensible  by  men 
having  weapons  of  stone  only.  They  must  have  commanded 
access  to  an  abundant  supply  of  water  equally  capable  of  de- 
fense. I  have  observed  such  a  position  overlooking  the  plain  of 
Aphidna,  where  I  have  picked  up  a  considerable  quantity  of 
fragments  of  obsidian  and  flint  artificially  worked. 

Pliny  contains  several  passages  in  his  Natural  History  that 
refer  to  stone  axes  and  chiseLs  (celts),  with  particular  reference 
to  those  found  in  Greece,  for  he  quotes  GrecK  authorities  about 
them.  He  speaks  of  Oeraunix  (thunderbolts)  as  being,  accord- 
ing to  the  testimony  of  Sotacus  (an  ancient  Greek  writer  on 
mmerals),  black  and  red,  and  resembling  axe-heads  in  shape. 
I  have  specimens  of  red  celts  from  Eulwea  made  of  red  iron- 
stone, one  8f  in.  long  and  2  in.  broad ;  and  several  that  are 
black,  of  the  same  size  but  narrower. 

The  stone  period  has  been  divided  into  a  paleolithic  and  a 
neolithic  period.  In  western  Europe,  particularly  in  France 
and  England,  numerous  remains  of  stone  implemeuts  of  the 
paleolithic  period  have  been  found  in  strata  with  the  bones 
of  the  mammoth  and  other  extinct  animals.  But  I  am  not 
aware  that  any  stone  implements  that  can  be  attributed  with 
any  certainty  to  this  period,  have  yet  been  discovered  in  Greece, 
though  bones  of  these  animals  have  been  found  in  several  places 
in  great  quantities  both  in  Attica,  Euboea  and  Arcadia.  All  the 
stone  implements  that  have  fallen  under  my  notice  consist  of 
specimens  that  belong  to  the  neolithic  or  polished-stone  period, 
and  many  display  considerable  skiU  in  their  workmanship, 
being  composed  of  the  hardest  stones. 
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SCIENTIFIC     INTELLIGENCE. 
I.   CHBMISTBY  AKD  PHYSICa 

1.  On  the  theory  of  the  JBuneen  flame, — The  non-luminosity  of 
the  flame  of  the  Hansen  gas-burner  is  commonly  ascribed  to  the 
more  complete  combustion  of  the  gas  by  the  air  which  is  mixed 
with  it  before  it  is  burned.  But  this  is  an  assumption  entirely  un- 
proved as  yet ;  and  moreover,  the  positive  expenments  of  Knapp 
show  that  this  cannot  be  the  only  cause  of  the  ph^iomenon.  His 
burner  was  so  constructed  that  by  means  of  a  lateral  tube,  other 
gases  beside  air  could  be  mixed  with  the  coal-gas ;  and  the  results 
obtained  prove  that  nitrogen,  hydrochloric  acid,  or  carbon  dioxyd 
gas  causes  the  flame  to  bum  fully  as  blue  as  is  seen  in  the  burner  as 
ordinarily  used.  The  experiment  is  most  easily  tried  with  carbon 
dioxyd  gas ;  but  with  this  gas  it  might  be  urged  that  dissociation 
into  carbonous  oxyd  and  oxygen  tafes  place,  and  that  the  latter 
gas  assists  the  combustion*  Though  this  is  hardly  conceivable  at 
the  low  temperature  there  present,  the  assumption  may  be  entirely 
disproved  by  using  in  the  experiment  only  pure  nitrogen ;  which 
for  this  purpose  may  be  conveniently  obtam^  by  boilmg  a  solu- 
tion containing  equivalent  quantities  of  potassium  nitrite  and  am- 
monium chlorid.  The  explanation  of  this  result  is  not  easy; 
Knapp  believes  that  the  disappearance  of  the  luminosity  is  due 
partly  to  the  cooling  of  the  flame,  but  principally  to  tiie  dilution 
of  the  illuminating  gas ;  and  that  the  flame  of  the  Bunsen  burner 
is  non-luminous  from  the  same  cause  which  lessens  the  light  of  a 
candle  burned  in  vacuo,  or  at  high  altitudes. — J,  iV.  ^A.,  EC,  i, 
428,  June,  1870.  g.  f.  b. 

2.  JProduction  of  Ozone  in  Rapid  Combustion. — The  observa- 
tion of  Loew  upon  the  production  of  ozone  in  quick  combustion, 
published  in  the  May  number  of  this  Journal,  seems  to  have  been 
anticipated  not  only  Dy  Pincus  (noticed  in  vol.  xlvii,  page  238,)  but 
much  earlier — in  December,  1864 — ^by  Than,  and  communicated 
to  the  Hungarian  Academy  at  Pesth.  Becoming  interested  in  the 
application  to  vegetable  physiology  of  the  fact  that  ammonium 
mtrite  is  formed  when  hyarogen  bums  in  an  atmosphere  contain- 
ing nitrogen.  Than  sought  for  a  method  of  exhibiting  the  result  as 
a  lecture-experiment ;  for  this  purpose  he  drew  the  air  which 
closely  surrounds  the  flame  of  a  !Bunsen  burner  through  a  Varren- 
trapp  and  Will's  bulb-apparatus,  containing  an  acidulated  solution 
of  potassium  iodid  and  starch.  The  air  which  was  drawn  from 
about  the  lower  f  of  the  flame,  colored  the  solution  blue  very  ra- 
pidly. As  the  odor  of  osone  was  not  detectable  in  this  air  after 
It  had  passed  through  the  apparatus.  Than  substituted  a  bulb-tube 
filled  with  water ;  and  then  on  drawing  through  this  a  rapid  cur- 
rent of  the  air  from  this  part  of  the  flame,  the  odor  of  ozone  was 
distinctly  obtained.  Were  ammonium  nitrite  formed  at  the  same 
time,  it  would  be  retained  by  the  water ;  and  this,  on  adding  a 
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few  drops  of  the  acidulated  potassiam  iodid  solution,  would  be- 
come  at  once  blua  But  no  blueing  took  place,  even  when  the  air 
was  passed  through  the  water  for  J  5  or  20  minutes.  The  blueing 
in  the  former  case  must  be  due,  therefore,  entirely  to  osone.  Than 
next  investigated  the  conditions  of  this  ozone-production.  He 
found  that  a  small  quantity  of  oEone  is  present  m  the  air  which 
surrounds  the  lower  portion  of  every  flame  composed  of  burning 
hjdro^en ;  that  this  ozone  may  be  detected  by  withdrawing  Uiis 
air  rapidly  from  the  flame  through  a  glass  tube  drawn  out  to  a  fine 
point,  when  it  ^ives  its  characteristic  odor  and  reactions ;  that  the 
point  of  the  tube  should  not  exceed  a  millimeter  in  diameter,  and 
that  it  should  be  placed  in  the  lower  half  of  the  flame  where  the 
flame  comes  in  contact  with  the  cold  air.  In  a  candle-flame,  or  that 
of  an  alcohol-lamp,  most  ozone  is  found  near  the  lower  blue  portion. 
The  current  of  air  must  be  rapid  enough  to  deflect  the  flame,  yet 
not  so  rapid  as  to  draw  in  any  unbumed  gas.  By  the  ozone  thns 
obtained,  the  solution  of  potassium  iodid  and  starch  was  blued  in 
a  few  seconds,  a  mixture  of  manganous  sulnhate  solution  with  a 
few  drops  of  potassium  hydrate  became  aark  brown  from  the 
formation  of  the  peroxyd,  and  when  inhaled,  the  mucous  mem- 
brane was  irritated  and  a  transient  catarrh  produced.  No  ozone 
could  be  detected  in  the  air  surrounding  ignited  charcoal ;  and  all 
attempts  to  determine  it  in  the  other  cases  quantitatively,  failed. 
Than  then  goes  on  to  say :  "  Wenn  man  durch  das  obere  Dritt- 
tbeil  einer  mcht  leuchtenden  Gasflamme,  durch  ein  schief  aufnr&rts 
geriohtete  zwei  Linien  weite  GlasrQhre,  einen  sehr  kr&ftigen  Lnft- 
strom  mittelst  eines  Blasebalges  durchtreibt,  so  kann  man  in  der 
durchgeblasenen  Lufb  nicht  unbedeutende  Mengen  von  Ozon  theils 
durch  den  Geruch,  theils  durch  Jodkalium-St&rkepapier  nachwei- 
sen;"  an  experiment  almost  precisely  that  mentioned  by  Loew. 
Ih  Thau's  view,  the  diatomic  molecule  of  oxygen  in  the  air,  when 
it  comes  in  contact  with  the  hydrogen  of  the  flame,  gives  up  one 
atom,  to  form  water,  thus :  H2+02=H^O-|-0;  the  other  atom 
thus  set  free,  unites  with  another  molecule  of  oxygen  to  form 
ozone :  Oq+OssO,.  No  ozone  is  formed  in  the  vicinity  of  the 
burning  carbon,  because  each  of  its  atoms  unites  directly  with  an 
entire  molecule  of  oxygen,  C+02=C02,  producing  carbon  di- 
oxyd. — J.  Pr.  CKy  II,  i,  415,  June,  1870.  g.  f.  a 

3.  On  the  Constitution  of  Narcotme  and  its  decomposition-pro- 
dticts, — Matthiessen  thus  sums  up  the  results  of  his  extended  re- 
search upon  Narcotine : — 

(1.)  The  analysis  of  various  specimens  of  narcotine,  derived 
from  various  sources,  has  shown  that  it  always  has  the  same  com- 
position. OjgHjjsNOy. 

(2.)  As  already  noticed  by  previous  observers,  narcotine,  by 
the  action  of  oxydizing  agents,  splits  up  into  opianic  acid  and  co- 
tamin: 

(3.)  Heated  alone,  to  a  temperature  somewhat  above  200^,  or  for 


Digitized  by  VjOOQ  IC 


Chemistry  and  Physics.  257 

a  somewhat  longer  time  with  water,  narcotine  splits  op  into  meco- 
nin  and  cotamin : 

(4.)  Heated  for  a  short  time  (about  two  hours)  with  an  excess 
of  hydrochloric  acid,  methyl  chlorid  is  formed,  and  one  atom  of 
hydrogen  replaces  the  methyl  in  the  narcotine ;  by  a  longer  heat- 
ing (for  some  days)  two  atoms  of  H  may  replace  two  of  OH,  ; 
heated  with  fuming  hydriodic  acid,  three  atoms  of  the  methyl  are 
replaced  by  three  of  nydrogen ;  thus  forming  a  series  of  homolo- 
gous bases,  whose  decompositions  are  analogous  to  those  of  nar- 
cotine itself 

(5.)  The  formula  of  cotamin  has  been  shown  to  be  £)  ^gH  j  3N0., 
and  not  £/,3H,.N03;  it  is  capable  of  crystallizing  with  one-half 
and  with  a  whole  molecule  of  water. 

(6.)  Cotamin,  when  heated  with  dilute  nitric  acid  under  certain, 
not  yet  clearly-defined  conditions,  is  decomposed,  yielding  cotar- 
nic  acid  and  methylamine : 

By  the  use  of  concentrated  nitric  acid,  as  already  noticed  by  for- 
mer observers,  apophyllic  acid  is  formed.  The  action  of  other 
oxydizing  agents  gives  results  not  yet  studied. 

(7.)  Cotamin  heated  with  concentrated  hydrochloric  acid,  yields 
methyl  chlorid  and  the  hydrochlorate  of  cotamamic  acid : 

O^ jH, 3Ne,+Hae+2HCl=£)H3Cl+€,  ,Hj  jNO^,  HCl. 
Hydriodic  acid  produces  a  similar  result ;  only  one  atom  of  -GH3 
being  eliminated  from  each  molecule  of  cotamm. 

(8.)  Opianic  acid,  by  the  action  of  nascent  hydrogen  (as  by- 
treatment  with  sodium-amalgam  or  by  zinc  and  sulphuric  acid)  is 
reduced  to  meconin : 

'C|oHio^6+H2=H,0-h€,oH,„e^. 

(9.)  Opianic  acid  by  heating  with  potassium  dichromate  and  di- 
lute sulptiuric  acid  is  oxydized  to  hemipinic  acid : 

"^1  0^10^6+^=^!  0^1  0^6- 

(10.)  Opianic  acid,  on  heating  with  caustic  potash,  splits  up  into 
meconin  and  hemipinic  acid : 

2'GjoHi^05=€i<jH,,,04+C,oHj^Oe. 
(11.)  Opianic  acid,  heated  with  an  excess  of  hydrochloric  acid, 
exchanges  its  methyl  for  hydrogea  Beside  methyl  chlorid,  two 
substances  are  probably  thus  produced,  noropianic  acid  and  me- 
thyl-noropianic  acid ;  the  first  by  a  single,  the  second  by  two  re- 
placements of  methyl  by  hydrogen. 

«ioHio^5+2HCl=2€H3CH-€3H^O.. 
«ioH,o^5+HCl=€H3Cl-h€,H30,. 
Only  the  latter  has  been  obtained  pure,  the  former  spontaneously 
decomposing.     Hydriodic  acid  acts  similarly.    Methyl-noropianio 
acid,  like  opianic  acid,  is  monobasic. 

(12.)  All  attempts  to  oxydize  meconin  to  opianic  or  hemipinic 
acid,  or  to  any  other  product,  were  unsuccessful 
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(13.)  Meconin,  treated  with  an  excese  of  kjdroehloiic  or  hjdri- 
odic  acid,  yields  methyl  chlorid  or  iodid,  and  a  body  derived  fitnn 
meconin  by  replacing  -CH,  by  H,  methyl-normeconm : 

«ioH,o04+HCl=€H,Cl+€,H80^. 
Experiments  to  produce  the  hypothetical  normeconin  by  substita- 
ting  H2  for  (OH,)^,  gave  nothmg  capable  of  being  isolated  in  a 
pure  state. 

(14.)  Hemipinic  acid,  by  treatment  with  varioos  reducing  agents, 
was  in  no  case  reduced  to  opianic  acid  or  meconin.  So,  experi- 
ments to  obtain  opianic  acid  from  the  union  of  hemipinic  acid  and 
meconin,  have  yielded  no  result.  Moreover,  hemipinic  acid  could 
not  be  oxydized  to  any  other  product. 

(15.)  H^ted  with  an  excess  of  hydrochloric  acid,  hemipinic  acid 
yields,  beside  methyl  chlorid  and  carbon  dioxyd,  a  new  acid,  me- 
thyl-hypogallic  acia: 

€,,H,.e.+HCl=€H,Cl+€e.+C,H,0,. 
Heated  with  hydriodic  acid,  it  affords  methyl  iodid,  carbon  dioxyd 
and  hjrpo-gallic  acid : 

(16.)  Anderson's  observations  proving  hemipinic  acid  to  be  di- 
basic are  confirmed,  the  anhydria  being  obtained  by  simple  dry- 

Methyl-hypo^allic  acid  is  also  dibasic. 

(17.^  Hemipinic  acid  may  crystallize  with  various  quantities  of 
crystal  water ;  crystals  having  been  obtained  with  ^,  with  1,  and 
with  2  molecules  of  such  water. 

(18.)  All  the  reactions  of  narcotine  and  of  its  decomposition 
products,  are  explained  in  a  satisfactory  manner  by  assuming  for 
It  the  following  rational  formula : 

€H, 

(€,Bt,e)»^ 


(€H3),H 


e 


8 


e. 


— Ann.  CK  Pharm^y  SuppL  Band  vii,  66,  Nov.,  1869.     g.  p.  r 

4.  On  the  size  of  Molecules:  by  Sir  Wm.  Thomson.  (Proc.  Lit. 
and  Phil.  Soc.  Manchester,  March  22 ;  Nature,  May  19,  p.  66.) — 
My  occupation  on  the  Kinetic  theory  of  gases  has  led  me  at  last 
to  come  to  definite  terms  as  to  the  size  of  molecules.  Ever  since 
about  the  first  year  of  my  professorship  I  have  taught  my  students 
that  Cauchy's  theory  of  Dispersion  proves  heterogeneousness,  or 
molecular  structure,  to  become  sensible  in  contiguous  portions  of 
glass  or  water,  of  dimensions  moderatelv  small  in  comparison  with 
the  wave-lengths  of  ordinary  light.  I  nave  spoken  to  you  also,  I 
think,  of  the  argument  deduciole  from  the  contact  electricity  of 
metals.    This,  I  now  find,  proves  a  limit  to  the  dimensiohs  of  the 
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molecnles  in  metals  quite  correeponc&ig  to  that  established  for 
transparent  solids  and  liquids  by  the  dynamics  of  dispersion.  In 
experiments  made  about  ten  years  ago,  of  which  a  slieht  sketch  is 
puolished  in  the  Proceedings  of  the  Literary  and  Philosophical 
Society  of  Manchester,  I  found  that  a  plate  of  zinc  and  a  plate  of 
copper  kept  in  metallic  connection  with  one  another  ^by  a  nne  wire 
or  otherwise)  act  electrically  upon  electrified  bodies  m  their  neigh- 
borhood, and  upon  one  another,  as  they  would  if  they  were  of  Qie 
same  metal  and  kept  at  a  difference  of  potentials  equal  to  about 
three-quarters  of  that  produced  by  a  single  cell  of  DanielFs. 
Hence,  and  from  my  measurement  of  the  electrostatic  effects  of  a 
Darnell's  battery,  published  in  the  Proceedings  of  the  Royal 
Society,  for  February  and  April,  1860, 1  find  that  plates  of  zmc 
and  copper  held  parallel  to  one  another  at  any  distance,  D,  apart 
which  IS  a  small  fraction  of  the  linear  dimensions  of  their  opposed 
surfaces,  and  kept  in  metallic  communication  with  one  another, 
exercise  a  mutual  attraction  equal  to 

A 

2X10->»Xg2  grams  weight 

Hence,  if  they  were  allowed  to  approach  from  any  greater  distance, 
D',  to  the  distance,  D,  the  work  done  by  their  mutual  attraction  is 

A(D'— D) 
2X10'^*<^X     Vvrrv       centimeter  grams ; 

which,  if  D  is  very  small  in  comparison  with  D',  is  very  approxi- 

A 

mately  equal  to  2  X 10' » ®  X  ^. 

Now  suppose  a  pile  to  be  made  of  a  great  number  (N-j-l)  of  very 
thin  plates  alternately  of  zinc  and  copper,  kept  in  metallic  con- 
nection while  thej  are  brought  toward  one  another.  Let  their 
positions  in  the  pile  be  pars£el,  with  narrow  spaces  intervening. 
For  simplicity,  let  the  thickness  of  each  metal  plate  and  interven- 
ing space  be  D.    Hie  whole  work  done  will  be 

2Xl(r'0XNg. 

The  whole  mass  of  the  pile  (if  we  neglect  that  of  one  of  the  end 
plates)  is  NAD^,  where  9  denotes  the  mean  of  the  densities  of  zinc 
and  copper.  Hence,  if  A  be  the  height  to  which  the  whole  mass 
must  be  raised  against  a  constant  force  equal  to  its  weight  at  the 
earth's  surface,  to  do  the  same  amount  of  work,  we  have 

NAIVA=:2X10-»0XNp; 

2X10"*  • 
which  gives  A=i =- — , 

or,  as  ^=8,  nearly  enough  for  the  present  rough  estimate, 

1 


A= 


(200000D)a 
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HencG  if  I>=2nniWiT  centimeter, 

nence,  ii  ^_^  centimeter. 

The  amount  of  energy  thns  calculated  is  not  so  great  as  to  afford 
any  argument  against  the  conclusion  which  general  knowledge  of 
divisibility,  electric  conductiyity,  and  other  properties  of  matter 
indicates  as  probable ;  that,  down  to  thicknesses  of  T^jVinr  o^  & 
centimeter  for  the  metal  plates  and  intervening  spaces,  the  contact 
electrification,  and  the  attraction  due  to  it,  follow  with  bat  little  if 
any  sensible  deviation  the  laws  proved  by  experiment  for  plates  of 
measurable  thickness  with  measurable  intervals  between  them. 
But  let  D  be  a  two-hundred-millionth  of  a  centimeter.  If  the  pre- 
ceding formuke  were  applicable  to  plates  and  spaces  of  this  degree 
of  thinness  we  should  have 

A=1,000,000  centimeters  or  10  kilometers. 
The  thermal  equivalent  of  the  work  thus  represented  is  about  248 
times  the  quantity  of  heat  required  to  warm  the  whole  mass  (con^ 
posed  of  equal  masses  of  zinc  and  copper)  by  1^  Cent.  This  is 
probably  much  more  than  the  whole  heat  of  combination  of  equal 
masses  of  zinc  and  copper  melted  together.  For  it  is  not  probable 
that  the  compound  metal  when  dissolved  in  an  acid  would  show 
anything  approaching  to  so  great  a  deficiency  in  the  heat  evolved 
below  that  evolved  when  the  metallic  constituents  are  separately 
dissolved,  and  their  solutions  mixed ;  but  the  experiment  should 
be  made.  Without  any  such  experiment,  however,  we  may  safely 
say  that  the  fourfold  amount  of  energy  indicated  by  the  preceding 
formula,  for  a  value  of  D  yet  twice  as  small,  is  very  much  greater 
than  any  estimate  which  our  present  knowledge  allows  us  to  accept 
for  the  heat  of  combination  of  zinc  and  copper.  For  something 
much  less  than  the  thermal  equivalent  of  that  amount  of  energy 
would  melt  the  zinc  and  copper;  and,  therefore,  if  in  combining 
they  generated  by  their  mutual  attraction  any  such  amount  of 
energy,  a  mixture  of  zinc  and  copper  filings  would  rush  into  com- 
bination (as  the  ingredients  of  gunpowder  do)  on  being  heated 
enough  in  any  small  part  of  the  whole  mass  to  melt  together  there. 
Hence,  we  may  infer  that  the  electric  attraction  between  metalli- 
cally-connected plates  of  zinc  and  copper  of  only  yxr^nriooao  cf  a 
centimeter  thickness,  at  a  distance  of  only  TTnnrWrnnr  ^^  *  centi- 
meter asunder,  must  be  greatly  less  than  that  calculated  from  the 
magnitude  of  the  force  and  the  law  of  its  variation  observed  for 
places  of  measurable  thickness,  at  measurable  distances  astmder. 
In  other  words,  plates  of  zinc  and  copper  so  thin  as  a  four-hundred- 
mUlionth  of  a  centimeter  from  one  another,  form  a  mixture  closely 
approaching  to  a  molecular  combination,  if^  indeed,  plates  so  thin 
could  be  made  without  splitting  atoms.  Wishing  to  avoid  com- 
plication, I  have  avoided  hitherto  noticing  one  important  question 
as  to  the  energy  concerned  in  the  electric  attraction  of  metallically- 
connected  plates  of  zinc  and  copper.  Is  there  not  a  change  of 
temnerature  in  molecularly  thin  strata  of  the  two  metals  adjoining 
to  tne  opposed  surfaces,  when  they  are  allowed  to  approach  one 
another,  analogous  to  the  heat  produced  by  the  condensation  of  a 
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gas,  the  changes  of  temperature  produced  by  the  application  of 
stresses  to  elastic  solids  which  you  have  investigated  experiment- 
ally, and  the  cooling  effect  I  have  proved  to  be  produced  oy  draw- 
ing out  a  liquid  film  which  I  shall  have  to  notice  particularly 
below?  Easy  enough  experiments  on  the  contact  electricity  of 
metals  will  answer  this  question.  If  the  contact-difference  dimin- 
ishes as  the  temperature  is  raised,  it  will  follow  from  the  Second 
Law  of  Thermodynamics,  by  reasoning  preciselv  corresponding 
with  that  which  I  applied  to  the  liquid  film  in  my  letters  to  you  of 
February  2d  and  February  dd,  1858,*  that  plates  of  the  two  metals 
kept  in  metallic  communication  and  allowed  to  approach  one 
another  will  experience  an  elevation  of  temperature.  But  if  the 
contact-difference  increases  with  temperature,  the  effect  of  mutual 
approach  will  be  a  lowering  of  temperature.  On  the  former  sup- 
position, the  diminution  of  intrinsic  energy  in  quantities  of  zinc 
and  copper,  consequent  on  mutual  approach  with  temperature  kept 
constant,  wiU  be  greater,  and  on  the  latter  supposition  less,  than  I 
have  estimated  above.  Till  the  requisite  experiments  are  made, 
further  speculation  on  this  subject  is  profitless ;  but  whatever  be 
the  result,  it  cannot  invalidate  the  conclusion  that  a  stratum  of 
^,^^^1^,,^  of  a  centimeter  thick  cannot  contain  in  its  thickness 
many,  if  so  much  as  one,  molecular  constituent  of  the  mass.  Be- 
sides the  two  reasons  for  limiting  the  smallness  of  atoms  or  mole- 
cules which  I  have  now  stated,  two  others  are  afforded  by  the 
theory  of  capillary  attraction,  and  Clausius'  and  Maxwell's  mag- 
nificent working  out  of  the  Kinetic  Theory  of  gases.  In  my  letters 
to  you  already  referred  to,  I  showed  that  the  dynamic  value  of  the 
heat  required  to  prevent  a  bubble  from  cooling  when  stretched  is 
rather  more  than  half  the  work  spent  in  stretching  it  Hence,  if 
we  calculate  the  work  required  to  stretch  it  to  any  stated  extent, 
and  multiply  the  result  by  J,  we  have  an  estimate,  near  enough 
for  my  present  purpose,  of  the  augmentation  of  energy  experienced 
by  a  liquid  film  when  stretched  and  kept  at  a  constant  tempera- 
ture. Taking  '08  of  a  gram  weight  per  centimeter  of  breadth  as 
the  capillary  tension  of  a  surface  of  water,  and  therefore  '16  as 
that  of  a  water  bubble,  I  calculate  (as  you  may  verify  easily)  that 
a  quantity  of  water  extended  to  a  thinness  of  jTTTimv  ^**^  cen- 
timeter would,  if  its  tension  remained  constant,  have  more  energy 
than  the  same  mass  of  water  in  ordinary  condition  by  about  1,100 
times  as  much  as  suffices  to  warm  it  by  1°  Cent  This  is  more 
than  enough  (as  Maxwell  suggested  to  me)  to  drive  the  liquid  into 
vapor.  Hence,  if  a  film  of  ^^y^i^^y^  of  a  centimeter  thick  can  ex- 
ist as  liquid  at  all,  it  \%  perfectly  certain  that  there  cannot  be  many 
molecules  in  its  thickness.  The  argument  from  the  Kinetic  Theory 
of  gases  leads  me  to  quite  a  similar  conclusion. 

5,   Comparison  of  Mechanical  JEquivalents:  by  Pliny  Earle 
Chase,   (Proc.  Anu  PhiL  Soc,  xi,  313,  1870). — The  comparison 
of  different  mechanical  equivalents  will  open  a  new  field  for  inves- 
tigation, which  may  prove  to  be  fertile  m  valuable  results.    For 
*  Prooeedings  of  the  BotsI  Society  for  April,  186S. 
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example,  recent  determinatioiis,  by  the  different  methodfl  of  lliom- 
sen  and  Farmer,  fix  the  mechanical  equivalent  of  light,  in  a  wax 
candle  burning  126^  grains  per  hour,  at  13*1  foot-pounds  per  min- 
ute, the  equivalent  of  1  erain  being  6*218  foot-pounds.  According 
to  Dulongr,  the  heat  evolved  during  the  combustion  of  1  erain  of 
olive  oil  in  oxygen,  is  sufficient  to  heat  9862  grains  of  water 
1^  0.  According  to  Favre  and  Silbermann,  1  grain  of  oil  of  tur- 
pentine, burned  in  oxygen,  would  heat  10,852  grains  of  water 
1*^0. 

It  may  therefore  be  presumed  that  the  total  heat  ^iven  out  by 
the  combustion  of  1  grain  of  wax,  is  about  sufficient  to  raise 
10,000  grains  or  water  1**  C,  or  18,000  gr.  1**  F.  This  represents 
a  mecli^nical  e<|uivalence  of  (18,000  X  772-4- 7000  =  )  1986*143 
foot-pounds,  which  is  319*5  times  as  great  as  the  corresponding 
equivalent  of  the  light  given  out  during  the  combustioa 

Tyndall,  in  his  lecture  on  Radiation,  states  that  the  visible  rays 
of  the  electric  li^ht  contain  about  one-tenth  of  the  total  radiated 
heat  The  relative  luminous  intensity  of  an  electric  lamp  would 
therefore  appear  to  be  about  32  times  as  great  as  that  of  the  wax 
candle.  This  ratio  so  nearly  resembles  that  of  solar  to  terrestrial 
superficial  att]:action,  and  the  connection  of  electric  and  magnetic 
currents  with  solar  radiation  is  so  evident,  that  additional  experi- 
ments, to  furnish  materials  for  a  great  variety  of  similar  compari- 
sons, seem  desirable.  While  it  is  possible  tnat  the  resemblance, 
in  the  present  instance,  may  be  accidental,  the  numerous  harmo- 
nies between  the  manifeBtations  of  cosmical  and  molecular  forces 
render  it  at  least  equally  possible  that  it  may  have  a  weighty  sig- 
nificance. 

XL   GEOLOGY  AND  MINERALOGY. 

\.  On  a  JFbssU  Tooth  from  Table  Mountain;  by  Prof.  Wil- 
UAM  p.  Blake.  (Communicated  by  the  author  for  this  Journal) — 
The  fossil  tooth,  found  by  Mr.  D.  T.  Hughes,  1,700  feet  under 
Table  Mountain,  and  300  feet  below  the  surface,  I  have  carefullv 
examined  and  compared  with  specimens  in  the  Smithsonian  Insti- 
tution. It  proves  to  be  a  back  lower  molar  of  an  equine  animal  of 
the  genus  Hippariony  or  a  closely  allied  ^nus.  This  genus  is 
one  of  the  connecting  links  between  the  IPaloBotfierium  and  the 
horse. 

The  specimen  closely  resembles  a  fossil  in  the  Smithsonian  mu- 
seum, from  the  Pliocene  formations  of  the  Niobrara  river  in  Ne- 
braska,* not  only  in  size  but  in  the  foldings  of  the  enamel,  and 
particularly  in  the  posterior  ])art  of  the  tooth,  but  it  differs  enough, 
m  several  particulars,  to  justify  the  belief  that  it  is  a  distinct  spe- 
cies. Dr.  Leidy  does  not  attempt  to  determine,  specifically,  uie 
specimen  from  Nebraska,  but  considers  it  closely  related  to,  if  not 
identical  specifically  with,  Hipparion  gratumy  possibly  JhrotoJiip- 
puspktcidus. 

*  Described  by  Prof.  Leidj  in  his  work  upon  the  Extinct  Mainin>ili>n  Ftuna  of 
that  region,  p.  319,  pL  xix,  flg".  7, 
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The  size  of  the  Table  Monntain  specimen,  which  is  considerably- 
worn  by  attrition  in  the  eravel,  is:  length,  11  lines;  breadth  upon 
the  crown,  9  lines;  breadth  at  the  base,  10  lines;  thickness,  ante- 
riorly, 4  lines,  posteriorly,  2  lines. 

This  fossil  is  the  first  of  the  kind  discovered  west  of  the 
Rocky  Mountains.  It  adds  to  the  list  of  the  fauna  of  the  period 
antedating  Table  Mountain— hi  list  which  includes  the  mammoth 
{EUphxtSy  from  Ejiight's  Ferry),  the  rhinoceros,  and  an  animal 
allied  to  the  elk.  I  have  believed  that  remains  of  man  were  also 
found  under  the  lava ;  but  upon  this  point,  after  diligent  inquiry, 
I  am  satisfied  that  the  evidence  is  insufilcient.  But  we  now  add 
this  fossil  allied  to  Stpparion,  and  I  regard  it  as  another  indica- 
tion that  the  Table  Mountain  beds  are  Pliocene,  and  homotaxial 
with  those  of  the  Bad  Lands  of  Nebraska 

2.  Cause  of  the  De$eent  of  Glaciers, — Rev.  Hsnbt  Mosbley, 
before  the  Royal  Society  in  January,  1869,. in  the  Philosophical 
Magazine  for  the  May  following,  and  at  the  meeting  of  the  Koyal 
Institution  of  Great  Britain,  May  13,  1870,  opposes  the  view  that 
glaciers  owe  their  movement  mainly  to  gravity,  and  gives  as  the 
principal  cause  contraction  and  expansion  due  to  change  of  temper- 
ature through  the  mass.  He  compares  the  movement  to  that  of  a 
sheet  of  lead  on  a  sloping  surface,  in  its  expansion  the  lower  edge 
working  downward,  and  m  its  contraction  uie  upper  edge  or  part. 

In  the  PhiL  Mag.  for  July,  1870,  Mr.  John  Ball,  after  alluding 
to  the  criticisms  on  the  above  theory  by  Mr.  Wdl  Mathews  in 
the  Alpine  Journal  for  February  last,  shows  that  the  supposed 
contraction  and  expansion  to  wmch  Canon  Moseley  i^peals,  does 
not  take  place,  and  that  the  ''  crawling  theory  "  of  glacier  motion 
is  therefore  unsatisfactory.  He  argues  that  the  ghicier  is  not  a 
continuous  solid  mass  like  a  sheet  of  metal ;  that  the  temperature 
of  the  interior,  as  observers  have  proved,  is  very  nearly  constant ; 
that  the  movement  is  half  as  fast  in  winter  as  in  summer ;  that  the 
rate  of  motion  is  not  proportioned  at  all  to  the  length  of  the  gla- 
cier as  it  should  be  oy  the  theory ;  that  the  supposed  expansion 
and  contraction,  if  a  fact,  would  exceed  twenty  or  more  times  the 
rate  of  actual  motion  but  for  modifying  causes, — and  this  is  an 
amount  of  modifying  intervention  for  the  sake  of  the  theory,  suffi- 
cient to  prove  the  theory  of  no  value.    He  concludes  as  follows : 

^^  If  I  might  presume  to  estimate  the  net  results  of  this  renewed 
discussion  of  the  causes  of  glader-motion,  I  should  say  that  they 
are  not  considerable,  but  yet  are  far  from  worthless.  Canon  Mose- 
ley's  experiments  have  added  something  to  our  knowledge,  and 
especiiJly  those  on  the  tenacity  of  ice,  which  have  some  bearing 
on  the  origin  of  crevasses.  Of  far  greater  importance  are  the 
observations  on  ice-planks  made  by  Mr.  William  Mathews.  The 
first  of  these,  published  in  the  ^  Alpine  Journal,'  gave  prominence 
to  a  fact  whicn  had  long  been  familiar  to  myself,  and  probably  to 
many  others.  I  have  often  found  that  long  icicles  placed  in  an 
inclined  position,  and  supported  only  at  the  upper  end,  will  grad- 
ually resume  the  vertical  direction,  and  I  had,  perhaps  too  ligntly, 
assumed  that  this  was  a  particular  instance  of  the  process  by 
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which  ice  changes  its  form  through  fracture  and  regelation.  In 
Mr.  Mathew's  nrst  experiment,  conducted  during  a  thaw,  a  thick 
plank  of  ice  supported  at  each  end  was  deflected  at  the  middle 
through  a  space  of  7  inches  in  as  many  hours.  Although  none 
hut  very  mmute  fissures  were  observed,  the  facts  did  not  seem  to 
me  altogether  inconsistent  with  that  explanation.  In  the  second 
series  of  observations,  made  during  the  severe  frost  of  February 
last,  Mr.  Mathews  found  that  at  temperatures  notably  below  the 
freezing-point  a  plank  of  ice,  supportea  as  before,  subsides  slowly 
between  the  pomts  of  support  under  the  sole  influence  of  its  own 
weight.  The  deflection  under  these  circumstances  was  about  1^ 
inch  in  twenty-four  hours.  Taking  this  observation  in  connection 
with  a  multitude  of  facts  recently  brought  to  light,  and  especially 
the  researches  of  M.  Tresca,  we  are  led  to  admit  that  ice,  in  cohf 
mon  with  very  many  apparently  rigid  bodies,  does  possess  a  cer- 
tain degree  of  plasticity  which  is  exhibited  bv  changes  of  form 
effected  very  slowly  under  the  action  of  forces  of  moderate  amount, 
rather  than  bj  the  rapid  action  of  more  powerful  agencies.* 

^^  The  admission  of  this  conclusion  may  slightly  modify,  bat 
will  not  materially  alter,  the  views  now  generaUy  held  as  to  the 
causes  of  glacier-motion,  which  are  mainly  derived  from  the  remark- 
able researches  of  Professor  Tyndall.  Whatever  may  be  the  final 
judgment  of  men  of  science,  I  feel  quite  sure  that  it  will  not  con- 
firm the  opinion  expressed  by  Canon  Moseley  in  his  latest  publica- 
tion: that  ^Uhe  pnenoraena  of  glacier-motion  belong  rather  to 
mechanical  philosophy  than  to  physics."  Every  real  advance  that 
has  been  made  toward  the  explanation  of  those  phenomena  has 
been  due  to  the  application  of  increased  knowledge  of  the  physical 
properties  of  glacier-ice ;  and  if  any  thing  be  wanting  to  complete 
the  explanation  now  generally  accepted,  it  must  be  derived  m>m 
such  additional  acquaintance  with  those  properties  as  may  be  de- 
rived from  continued  observation  and  experiment*' 

3.  The  North  American  LcJcea  considered  as  Chronofneters  of 
Post-glacial  time;  by  Dr.  Edmund  Andrews.  24  pp.  roy.  8vo. 
(Trans.  Acad.  Sci.  Chicago,  vol  ii). — ^Dr.  Andrews  oiscusses  in 
this  paper  the  nature  of  the  post-glacial  deposits  on  the  shores  of 
Lake  Michigan,  especially  in  uie  vicinity  of  Chicago,  their  extent, 
the  areas  of  the  several  beaches,  the  erosion  these  beaches  have 
undergone,  the  width  of  the  subaqueous  plateau  formed  along  the 
border  of  the  lake  out  of  the  material  removed  in  the  erosion,  and 
the  amount  of  sand  moved  in  the  process;  and  from  the  elements 
thus  obtained,  arrives  at  the  following  conclusions : 

(1.)  The  upper  beach  began  to  form  immediately  after  the 
Boulder  Drift  period,  and  continued  to  accrete  for  about  900  years. 
No  animal  fossils  have  yet  been  found  in  it. 

(2.)  The  waters  then  fell  suddenly  to  about  their  present  level, 
where  they  remained  till  a  thin  bed  of  peat  accreted  on  the  marshy 
slope  vacated  by  the  waves.  I  have  not  been  able  to  collect  data 
for  a  calculation  of  this  first  low-water  period,  but  from  the  posir 

*  In  Dana^s  Manual  of  Gkology,  p.  673,  this  plasticity  is  recognized  among  the 
means  of  motion  on  the  ground  of  obseryationsi  similur  to  the  above,  made  bj 
Kane  in  his  "Arctic  Bxplorations."  ' 
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tion  of  the  soil-bed  in  the  eastern  dunes,  I  incline  to  think  it  lasted 
500  or  1000  years. 

(3.)  The  water  rose  again,  submergins  for  a  short  time  the  upper 
beach,  but  soon  fell  to  the  line  of  the  middle  one,  where  it  remained 
about  1,600  or  2000  years.  This  period  appears  to  be  cotemporary 
with  the  Loess. 

(4.)  The  water,  which  had  already  slowly  fallen  some  feet,  now 
retired  more  rapidly  to  near  its  present  level,  which  it  has  main- 
tained with  only  moderate  fluctuations  ever  since. 

(5.)  The  total  time  of  all  these  deposits  appears  to  be  some- 
where between  6,300  and  7,600  years. 

The  discussion  is  an  interesting  and  important  one.  Some  un- 
certainties in  the  calculations  occur  to  us ;  but  without  a  special 
examination  of  the  region  we  are  not  at  present  prepared  to  men- 
tion any  but  the  following.  The  author  writes  as  it  he  supposed 
that  sand  in  the  course  of  transportation  alwavs  remained  sand. 
He  observes  that  ^'  the  sand  movement  in  the  lake  is  confined  to 
the  shore  line,"  as  proved  by  the  fact  that  "  there  is  no  sand  in 
deep  water,"  not  recognizing  the  well-known  geological  fact  that 
sands  on  coasts  are  always  undergoing  wear  through  the  attrition 
of  grain  upon  grain  under  the  action  of  waves  and  currents,  and 
that  while  the  finer  material  made  by  this  attrition  is  floated  off 
to  deeper  waters,  the  coarser  is  left  behind  in  such  cases  near  or  on 
the  shores. 

3.  FossUa  in  the  Mineral  veins  of  the  Carboniferous  Lime- 
stone of  Cheat  Britain. — A  paper  on  this  subject  by  Mr.  Chables 
"Moore,  (Rep.  Brit.  Assoc,  for  1869,  p.  360),  contains  notices  of 
numerous  fossils  in  the  Lead  mines  of  the  Carbonii'erous  limestone. 
Li  the  walls  of  the  Charterhouse  Lead-mine,  in  the  Mendip  range, 
270  feet  from  the  surface,  over  80  species  of  Liassic  fossils  were 
obtained  by  him,  and  more  than  30  of  Carboniferous.  The  Liassic 
included  a  Chara,  wood  in  the  form  of  jet,  Rhizopods,  Pentacrinites, 
a  Cidaris  and  other  Echinoderms,  Serpula,  claws  of  Crustacea, 
many  MoUusks,  remains  of  about  10  species  of  fishes  of  the 
genera  AcroduSy  Hyhodus^  XepidotuSy  &c,,  and  a  tooth  of  an 
Ichthyosaur ;  and  among  the  Carboniferous,  there  were  species  of 
Helix,  Hydrobia,  Planorbis,  Proserpina,  Valvata,  Vertigo,  all 
either  land  or  freshwater  Mollusks,  also  1 1  species  of  Ostracoids, 
besides  Mollusks,  Serpulse,  Encrinites,  Corals  and  Conodonts.  A 
similar  range  of  facts  was  observed  in  connection  with  other  lead 
mines.     We  cite  the  following  general  remarks. 

Whilst  the  various  mines  and  mineral  deposits  I  have  examined 
have  certain  species  in  common,  it  may  be  said  that  they  have 
each  special  paleontological  features  of  their  own. 

Li  the  Keld-Head  Mines  organic  remains  are  very  abundant  at 
about  460  feet  from  the  surface,  amongst  which  are  many  Fora- 
minifera,  chiefly  of  the  genus  Involutina^  of  which  there  are  six 
species,  and  univalves  of  about  twelve  genera,  the  freshwater 
species    Yalvata  anomcUa  Moore^    and  Planorbis  Mendipensis 

Am.  Joub.  Sol— Second  SsiuESt  Vol.  L,  No.  149.— Sept.,  1870, 
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Moore,  being  present,  and  also  Entomostraca  of  several  new 
species. 

The  Fallowfield  mines,  although  not  yielding  a  very  long  list  of 
species,  have  their  special  interest  in  the  presence  of  the  land  and 
freshwater  genera  StooBtoma  ?,  Hydrobia^  and  JPisidium  ;  Invoht- 
tina^  as  in  the  Keld-Head  mines,  though  rarely ;  and  a  single  seed 
of  the  Flemingites  gracilis  Carr.  The  richest  samples  from  this 
mine  are  at  90  and  450  feet  from  the  surface. 

The  Grassington  mines  are  not  only  very  rich  in  individual 
specimens,  but  have  yielded  the  greatest  number  of  species, 
among  which  are  again  freshwater  remains  of  Hydrobiay  Ptor 
norbis,  Valvata^  and  Lithoglyphtts,  Entomostraca  of  at  least 
ten  species,  Conodonts  of  several  varieties,  and  fish-remains  of  the 
genera  Petalodus,  Orodus,  Ac. 

The  Alston  mines  have  yielded  about  twelve  species  of  uni- 
valves, though  they  are  not  in  good  condition.  Foraminifera  are 
present,  but  are  rare,  and  fish-remains  of  the  genera  PetcUodus, 

The  Weardale  mines,  and  those  of  Allenheads,  are  comparatively 
not  rich,  the  vein  stuff  in  them  being  much  mineralized.  Cono- 
donts occur  in  the  former,  Entomostraca  rather  abundantly  in  the 
latter,  and  also,  though  rarely,  the  genus  Hydrobia.  In  these 
veins,  and  also  at  Alston,  I  have  detected,  for  the  first  time,  large 
cells  of  a  foraminiferous  shell,  for  which  Mr.  Brady  suggests  the 
generic  name  Carteria, 

In  the  White  and  Silver  Band  mines  remains  are  somewhat 
rarely  distributed,  the  richest  deposit  being  a  friable  ochreons 
sandstone,  on  the  "  sun"  side  of  the  Silver  Band  Old  Mine,  which 
yielded  many  specimens  of  Hydrobia^  and  one  or  two  of  Vol- 
vata  anomam,  several  genera  of  Foraminifera,  including  Invo- 
lutina  and  Dentcdinay  with  Conodonts,  and  portions  of  teeth  of 
JPsammodus, 

The  Mount-Pleasant  mines  of  Mold  contain  Foraminifera,  and 
also  the  freshwater  Hydrobia^  though  rarely,  and  Conodonts 
rather  abundantly;  but  they  are  especially  remarkable  for  the 
great  variety  of  nsh-remains  they  yield,  which  appear  to  i^epresent 
at  least  ten  different  genera.  Mixed  with  the  "  dowks"  of  the 
mine  are  occasionally  small  pieces  of  laminated  stone  the  surfaces 
of  which  exhibit  numerous  traces  of  fish-scales. 

The  researches  I  have  been  making  have  involved  very  consider- 
able lal)or  and  minute  investigation;  but  as  they  will  to  some 
extent  have  opened  up  a  new  field  of  inquiry,  I  nope  they  will 
not  be  without  some  results.  Before  concluding,  I  desire  to  refer 
to  several  of  the  more  interesting  paleontological  facts  which 
have  been  obtained.     ♦***♦« 

Not  the  least  important  fact  in  my  mine  explorations  has  been 
the  discovery  of  a  land  and  freshwater  fauna.  Until  I  obtained 
the  three  genera  of  Helix^  Vertigo^  and  JProserpinu^  with  the 
freshwater  genera  Planorbis  and  Valvatay  in  tiie  Charterhouse 
Mine,  the  only  known  terrestrial  shell  below  the  secondary  beds 
was  the  JPupa  vestu&ta  Daws.,  found  by  Sir  Charles  Lyell  and  Dr. 
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DawBon  in  the  Coal  measures  of  Nova  Scotda.  To  the  above 
genera  I  have  now  to  add  those  of  Hydrobia^  Stoastoma  /, 
IdithoglyphuSy  and  Plsidium^  from  the  mines  of  the  north  of 
England,  some  of  which  I  have  little  doubt  are  older  than  the 
Ihipa  vetusta  of  the  coal-beds.  There  is  thus  the  fact  of  the 
presence  of  nine  genera  of  land  and  freshwater  shells  in  the  lead- 
veins  of  this  country. 

In  addition  to  the  list  of  organic  remains  which  follows,  num- 
bering about  112  species  from  the  north  of  England  and  North- 
Wales  mines,  eight,  which  are  not  in  common,  have  been  obtained 
from  Weston,  and  to  these  again  are  to  be  added  89  in  the  list 
previously  given  from  Charterhouse,  so  that  in  true  and  workable 
mineral  veins  I  have  found  209  species.  In  the  Carboniferous 
Limestone  of  the  Frome  district  precisely  similar  phenomena  occur, 
though  the  fissures  are  not  worked.  These  Rhsetic  and  Liassic 
veins  have  yielded  me  about  70  species,  so  that,  including  the 
districts  I  have  enumerated,  I  have  obtained  from  vein-fissures, 
with  their  deposits  of  different  ages,  about  279  species  of  organic 
remains. 

Under  these  peculiar  circumstances,  I  hkve  discovered  the  oldest 
known  Mammalia,  the  oldest  land  and  freshwater  MoUusca,  about 
52  species  of  fish,  and  about  8  of  Reptilia,  besides  the  other  groups 
to  ^ich  reference  has  been  made. 

With  regard  to  the  origin  of  the  veins,  Mr.  Moore  observes  as 
follows: 

The  chief  material  of  all  the  mineral  veins  I  find  to  be  of  marine 
origin ;  all  the  organic  contents  are  fossil,  and  their  precise  geolo- 
gical age  can  be  arrived  at  without  much  difficulty.  Wherever 
they  contain  land  shells,  as  on  the  Mendips,  or  freshwater  shells, 
which  occur  in  the  veins  of  Alston,  and  are  wide-spread  elsewhere, 
they  are  also  fossil  and  of  contemporaneous  age  with  the  other  re- 
mams.  It  is  certain  from  this  that  the  veins  received  their  infilling 
when  within  the  influence  of  the  ocean,  and  before  their  present 
elevation,  since  which  time,  as  I  have  before  stated,  I  doubt  if 
there  could  be  any  material  alteration  in  their  contents.    ♦     *     * 

It  has  now  been  established,  without  doubt,  by  the  highest 
chemical  authorities,  that  many  of  our  most  important  minerals 
are  present  in  minute  quantities  in  the  waters  of  the  ocean.  This 
is  admitted  by  those  who  believe  in  segregation,  the  difference 
being  that  they  think  it  was  first  deposited  and  afterward  ex- 
tracted from  the  parent  rock,  and  redeposited  in  the  veins,  rather 
than  originally  collected  in  the  veins  themselves. 

As  Regards  the  connection  subsisting  between  the  ocean  and  the 
vein-fissures,  I  believe  it  will  be  recognized  to  be  the  case  that,  in 
the  great  majority  of  instances,  the  different  veins  come  directly 
to  the  surface,  and  wherever  a  later  rock  has  been  deposited,  which 
is  only  in  exceptional  cases,  covering  up  the  mouth  of  the  vein, 
there  will  still  be  found  a  break  in  the  sequence  of  the  strata, 
which  might  give  almost  unlimited  time  for  the  precipitation  of 
the  minerals  therein.     Wherever  systems  of  veins  occur,  it  is  prob- 
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able  there  will  be  found  connected  therewith  an  abnormal  condi- 
tion and  considerable  breaks  in  the  deposition  of  the  rocks.  I 
have  shown  this  to  be  the  case  in  connection  with  the  Carbonif- 
erous Limestone  of  the  Mendip  range,  and  its  continuation  through 
South  Wales,  in  which  distncts  it  can  be  seen  that  those  rocks 
were,  through  enormous  periods,  exposed  to  the  influence  of  the 
ocean,  possibly  forming  reef-like  barriers  around  the  edges  of  the 
Carboniferous  basin,  the  fissured  veins  and  floor  of  this  sea-bottom 
receiving  at  some  periods  materials  of  Khsetic  or  of  Lower  or 
Middle  Lias,  age,  whilst  an  occasional  capping  of  the  beds  of 
Inferior  Oolite,  left  in  some  Carboniferous  limestone  trough,  now 
and  then  cover  up  the  mouths  of  the  veins  that  had  received  all 
their  contents  prior  to  its  deposition.  Some  most  instructive 
examples  are  present  in  this  district,  in  which  it  may  be  seen  that 
whilst  there  are  on  the  walls  of  the  vein  the  usual  vertical  conditions 
of  vein-stufii  such  as  calc-spar,  sulphate  of  barytes,  Ac,  with  occa- 
sional hematite  iron-ore,  calamine,  and  galena,  the  central  portion 
of  the  vein  b  unmistakably  of  Liassic  or  Rhsetic  age.  In  all  such 
instances  there  are  combined  the  elements  of  open  fissures  com- 
municating with  the  ocean,  and  greater  or  less  time  in  the  reception 
of  their  contents. 

4.  Additional  note  on  Ela^mosauruB  ;  by  E.  D.  Cope. — ^To  my 
preceding  note  on  Elasmosaurus,  I  append  the  followine,  in  con- 
sequence of  the  reading  of  another  criticism  by  Prot  Leidt,  in 
the  Proceedings  Acad.  Nat.  ScL  Philad.,  January  to  April,  1870, 
(issued  in  June).     [See  p.  139  of  this  volume. — Eds.]. 

In  this  Dr.  Leidy  agrees  with  my  identification  of  Cimoliasaurus 
and  Discosaurus  made  in  1 868,  regarding  them  as  the  same.  But 
he  employs  the  name  Discosaurus  instead  of  Cimoliasaurus,  to 
which  we  object  for  three  reasons :  1,  in  works  written  subsequent 
to  his  determination,  Cimoliasaurus  had  been  exclusively  used, 
and  has  therefore  obtained  considerable  currency ;  2,  Discosaurus 
was  founded  upon  a  miscellaneous  collection  of  species,  and  not 
defined ;  8,  the  name  refers  perhaps  to  an  individual  peculiarity  of 
one  of  the  species,  as  suggested  by  Leidy,  and  conveys  an 
erroneous  impression  of  there  being  a  verteb^l  disc  characteristic 
of  the  genus,  whereas  the  peculiarity  consists  of  a  groove.  The 
name  Cimoliasaurus  is  open  to  none  of  these  objections. 

He  however  unites  with  the  above  genus  my  Elasmosaurus, 
although  a  few  pages  previously  he  considers  them  distinct,  on 
the  same  grounds  that  convinced  me  of  the  propriety  of  separat- 
ing them,  viz :  the  enormous  neck  with  compressed  vertebrta  in 
the  one,  and  the  short  transverse  cervicals  of  the  other.  J^o  such 
diflerence  is  displayed  by  the  species  of  Plesiosaurus,  though  there 
is  considerable  variation  in  the  genus  in  this  respect.  H  cannot 
however  be  predicted,  that  no  species  combining  tne  characters  of 
the  two  will  ever  be  found.  All  genera  in  paleontology  stand  open 
to  this  risk. 

The  Cimoliasaurus  grandis  {Brimoaaunis  Leidy)  presents  the 
shortened  cervicals  of  C.  magnus  and  therefore  is  not  an  Elasmo- 
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saarus.  The  JEJ,  orierUalis  is  ae  yet  but  little  known,  and  there 
may  be  doubts  as  to  which  genus  it  represents.  In  a  restored 
figure  of  it  which  was  given  in  an  article  in  the  American  Natural- 
ist (1868,  p.  84),  it  is  represented  with  a  neck  of  the  shorter  type 
of  Cimoliasaurus.  Whether  the  shorter  or  longer  type  of  cervicals 
belong  to  it  will  remain  uncertain  until  more  remams  are  found. 
K  it  be  a  true  Elasmosaurus,  the  figure  will  represent  better  a 
Cimoliasaurus. 

In  his  second  notice  Leidy  mentions  his  having  reversed  the 
extremities  of  the  vertebral  series  in  the  three  Cimoliasauri  des- 
cribed by  him. 

5.  JLias  and  Oolite  of  Australia. — ^Mr.  Charles  Mooke  has 
published  an  important  paper  on  Australian  Mesozoic  Geology, 
m  the  Quart.  J.  Geol.  Society  for  1870,  describing  beds  of  the  age 
of  the  Middle  and  Upper  Lias  and  Lower  Oolite  from  Western 
Australia,  and  Oolitic  or  Lower  Cretaceous  from  Queensland  (at 
Wollumbilla).  Out  of  50  species  of  Mollusks  in  Western  Austra- 
lia 20  are  found  to  be  identical  with  British  species,  viz : 

Ammonites  Aalensis^  var.  Moorei  Lycett,  Tipper  Lias ;  A,  radi- 
ans Rein,  Upper  Lias;  A,  Walcottii  Sow.,  Upper  Lias;  A,  macro- 
cephxdrjbs  Schloth,  Oolite;  A,  Brocchii  Sow.,  Oolite;  Nautilus 
semistriatus  D'Orb.,  Upper  Lias ;  Belemnites  canaliculatus  Mill, 
Oolite ;  Oresslt/a  donaciformis  Gold!,  Upper  Lias ;  May  cites  lias- 
sianus  Quenst,  Middle  Lias ;  CucuUcea  oolonga  Sow.,  Oolite ;  Pho- 
ladomya  ovulum  Ag.,  Oolite ;  Avicula  MUnsteri  Goldf.,  Oolite ; 
A.  echinata  Sow.,  Oolite ;  Fecten  cinctus  Sow.,  Oolite ;  JP.  calvtis 
Mttnst.,  Oolite ;  Lima  proboscidea  Sow.,  Oolite ;  L.  punctata  Sow., 
Oolite;  Ostrea  Marshii  Sow.,  Oolite;  RhynchoneUa  variabilis 
Schloth,  Oolite ;  CristeUaria  cuUrata  Montfort,  Oolite.  Lima  pro- 
boscidea and  Ostrea  Marshii  appear  to  have  been  as  abundant  as 
in  the  hills  around  Bath ;  and  Peden  cinctus  from  Australia  at- 
tains the  same  large  proportions  as  in  this  country.  The  Com 
brash  is  apparently  represented  in  Australia  by  Ammonites  macro- 
cephcUus  and  Avicula  echinata,  and  the  Middle  Lias  by  the  Mya 
cites  liassianus  before  mentioned. 

The  paper  describes  many  new  species. 

6.  Plants  of  the  Coal  formation  of  Langeac,  Haute-Loire;  by 
Dr.  H.  B.  Geinitz. — The  plants  mentioned  in  this  paper  as  occur- 
ring at  Langeac  and  remarked  upon  are  Calumites  cannaformis 
SchL,  C,  Cisti  Bgt.,  C.  Suckowi  Bgt.,  Anmdaria  longifolia  Bgt., 
Cyatheites  arborescens  ScL,  (7.  dentatics  Bgt,  C,  MiUoni  Artis, 
Alethopteris pteroides  Bgt.,  Curdlocarpus  emarginatus  G6pp.  &  B., 
C.  GnUbierij  NoeggercUhia  palmceformis  Gdpp.,  Bhabaocarpus 
ovalis  G6pp.  &  F.,  Cordaites  principalis  Germ.,  Trigonocarpus 
Nbeggerathi  Stemb.,  T,  ventricosus  Gopp.  &  F.  The  several  kinds 
of  fruit  here  described  give  special  interest  to  the  memoir.  The 
accompanying  plate  contains  figures  of  several  forms  under  six 
species,  two  species  of  Cardiocarpus,  one  of  Rhabdocarpus,  one  of 
Cordaites,  ana  two  of  Trigonocarpus. 
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1.  Sivatherium  in  Colorado. — Dr.  Leidy  refers  a  fragment  of 
a  fossil  from  Colorado  (received  through  Dr.  Hayden  from  Dr. 
Gehrung),  with  a  query  to  a  genus  near  Sivatherium,  which  he 
calls  Megiiceropa.  He  regards  the  fossil  as  corresponding  to  that 
portion  of  the  face  which  comprises  "  the  upper  part  of  the  nose, 
together  with  the  forehead  and  anteiior  horn  coi-es."  The  animal 
to  which  it  belonged  was  nearly  as  large  as  the  Sivatherium.  The 
distance  between  the  center  of  the  two  horn  cores  is  10 j  inches; 
the  length  of  the  horn  cores  above  the  intervening  space  6  inches ; 
the  breadth  of  the  face  where  narrow  below  the  horn  cores  *J\  in. 
He  names  the  species  Megacerops  Coloradensis. — /Voc  Acad,  ^Tai. 
Scu  Philad.,  1870,  p.  1. 

8.  Megalonyx  Jeffersoni  in  Illinois. — A  metacarpal  bone  of 
this  Megalonyx  is  announced  by  Dr.  Leidy  (Proc.  Acaa.  Nat.  ScL, 
1870,  p.  ld)as  having  been  found  in  a  ci*evice  in  the  lead-bearing 
rocks  near  Galena,  130  feet  below  the  surface,  along  with  a  last 
lower  grinder  of  the  extinct  Ox,  Bison  antiquus.  The  Museum  of 
the  Academy  contains  other  bones  from  the  same  locality,  being 
remains  of  a  large  extinct  Peccary,  PUxtygonus  compressuSy  an  ex- 
tinct Raccoon,  Procyon  priscus,  and  a  large  insectivore,  Anemo- 
don  Snyderi,  all  of  which  were  prot)ably  cotemponuies  of  the 
Megalonyx. 

9.  Mineralogical  Contributions  of  O,  vom  Hath  (Pogg.  Ann. 
cxxxviii,  449). — Vom  Rath  describes  and  figures  here  crystals  of 
the  following  Vesuvian  minerals :  twins  of  Anorthite,  crystals  of 
Oligoclase,  Wollastonite,  Orthite  and  Humite ;  besides  giving  an 
account  of  a  new  mineral  from  Laach  which  he  names  Ambfystegite^ 
and  a  description  of  certain  twins  of  orthoclase. 

Amblystegite  occurs  in  small  crystals  of  a  brown  to  reddish- 
brown  color,  a  gray  streak  slightly  greenish ;  adamantine  luster. 
The  crystals  are  orthorhombic;  i-t:  1=135°  60',  i4: 1-2=119**  26', 
i-?:i-«=163°  47',  a:i4=98°  Gf.  B.B.  very  fusible  and  thus  differs 
from  humite  and  chrysolite.     Composition, 

gi49-8   3tl605   *e25-6  figltt  Oa  016=98-30, 
corresponding  to  the  oxygen  ratio  for  %  S,  Si,  12-81 : 2-36 :  26*56.     Only 
half  a  gram  was  here  used.     The  mineral  b  so  mixed  with  mag- 
netic iron  as  to  be  separated  with  difficulty  for  analysis. 

10.  ZfOxmannite  of  NordenskiOld  (J.  f.  pr.  Ch.,  cvii,  491)  ac- 
cording to  Hermann  (ib.  II,  i,  447)  is  probably  Vauquelinite ; 
NordeiiskiSld  made  the  crystals  monoclinic  with  the  inclination 
of  the  vertical  axis  69°  46';  G.  =  6*77,  H.  =  3,  color  olive-gi'een ; 
and  obtained  for  the  composition  (mean  of  two  analyses) — 

P8-31     Or  15-91    :^b  61-16     Ou  1164    S'e  1*06    fi  110=99-18 

Hermann  observes  that  Berzelius  probably  analysed  the  same 
mineral  in  his  examination  of  the  species  he  named  Vauquolinite, 
and  that  if  the  pure  oxyd  of  chrome  of  Berzelius  be  taken  as  a 
mixture  of  phosphoric  and  chromic  acids,  the  two  analyses  closely 
agree,  as  follows : 


Digitized  by  VjOOQIC 


Oeohgy  and  Mineralogy.  271 

P        Cr        :^b        Ou       i'e       fi 

Berzeliu8, 8-31     16-85     60-87     10-80     1-10     l-10z=9803 

Nordenskidld, a-31     16-91     61-16     11-64     1-06     1-10=99-18 

both  leading  to  the  formula    2Cu»  P+6fb*(3r+2fi. 

11.  Phosphorchromite. — Hermann  (J.  f.  pr.  Ch.,  IL,  i,  460)  thus 
names  a  chromophosphate  of  lead  and  copper  from  Beresofsk.  It 
occurs  concretionary,  crystalline  or  massive  within,  with  a  black- 
ish-green color,  pistachio-green  streak,  H.  =:3,  <t.  =:;6-80.  An  anal- 
ysis afforded : 

P  9-94    Or  10-13    ^b  68*33     Cu  736    te  280    fi  116=:99t2, 
leading  to  the  formula    3Cu«  P + 5l^b«  Or + 3fi. 

Vanadiolite  of  Hermann  (J.  f.  pr.  Chem.,  ib.  446)  occurs  in 
small  crystals,  partly  in  druses,  of  a  dark  or  blackish-green  color 
and  gray-green  streak ;  dark  emerald-green  color  and  transparent, 
in  small  grains;  of  strong  vitreous  luster,  with  G.  =:3-86.  B.B. 
melts  on  the  edges  to  a  black  blebby  slag.     His  analysis  afforded 

Si  15-61    V  44-86    3tl  110    J'e  1-40    Ag  2-61     Ca  34-43=100 

and  he  regards  it  as  a  subvanadate  combined  with  augite  like  the 
Lavroffite  of  the  same  locality,  Sltld&nka,  near  Lake  Baikal.  He 
writes  the  formula    3ttgi  +  Oa«  ( VO* + 2V0*). 

12.  Wolframite. — ^Descloizeaux  suggested  in  1850  (Ann.  Ch. 
Phys.,  HI,  xxviii)  that  Wolfram  was  oblique  rhombic  in  crystalli- 
zation, after  some  measurements  of  crystals.  He  has  recently 
confirmed  this  conclusion  (ib.,-  IV,  xix,  168,  Feb.  1870)  by  both 
optical  and  crystallographic  observations.  He  finds  the  obliquity 
90**  38',  and  the  prismatic  angle  100°  37'.  His  crystals  were  from 
Bayewka,  near  Ekatherinenbourg,  in  the  Urals,  a  variety  which 
afforded  Mr.  Koulibine, 

W  74-32    J'e2-ll    An  2090    Ca  1-30    Si  0-28=98-91, 
agreeing  nearly  with  Hubnerite,  of  Nevada.     G.=7'367. 

13.  Namaqudlitej  a  new  ore  of  Copper ;  by  Prof  Church  (J. 
Ch.  Soc,  H,  viii,  1). — Namaqualite  is  named  after  the  region  in 
which  it  occurs,  Namaqualand,  S.  Africa.  It  occurs  in  thin  layers 
of  silky  fibers,  which  alternate  with  chrysocolla  and  are  sparingly 
mixed  with  small  crystals  of  ''  magnesia  mica."  Color  pale  blue ; 
H.=2-5 ;  G.=2-49 ;  isolated  fibers  transparent  under  the  micro- 
scope. In  the  closed  tube  yields  much  water  and  blackens ;  at  100*> 
C,  or  over  sulphuric  acid  in  vacuo,  no  Ipss  of  weight.  Mean  of 
analyses : 

Si  Si  du  %         Oa  fi 

2-26        15-29        44-74        3  42        201        32-38=10009. 

The  oxygen  ratio  for  the  protoxyds,  alumina  and  water  is  4  :  3  :  11. 
Prof.  Church  remarks  that  its  crystallized  condition,  and  its  definite 
and  constant  composition  show  that  it  is  a  true  species ;  and  the 
presence  of  a  sesquioxyd  that  it  is  related  in  composition  to  hydro- 
talcite  and  pyroaurite. 

14.  Contributions  to  tJie  Mineralogy  of  Victoria  ;  by  G.  H.  S. 
Ulbich,  F.G.S.  82  pp.  8vo.    Melbourne,  1870.     (Reprinted  from 
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tlie  Report  on  the  Mineral  Statistics  of  Victoria  for  the  year  1869, 
presented  to  Parliament.) — These  "contributions"  contain  detailed 
descriptions  of  many  species,  with  figures  of  crystals,  and  some 
analyses,  the  latter  by  Mr.  C.  Newbery.  The  following  are  among 
the  new  or  more  interesting  species  noted  by  Mr.  Ulrich. 

Maldonite^  or  Bismuthic  Gold,  from  the  Nuggety  i-eef,  of  the 
Alliance  Company,  Maldon.  It  occurs  in  particles  m  the  granite 
veins  affording  "gold.  It  has  a  pinkish  white  color,  but  tarnishes 
easily  on  exposure  to  a  dull  copper  color,  and  ultimately  to  black. 
Cleavage  apparently  cubic.  H.=  1'6 — 2.  Malleable  and  very 
sectile.  Formerly  in  larger  pieces  in  the  upper  workings  of  the 
Alliance  Company's  mine. 

Native  Bismuth,  Bismuth  Glance  and  Bismuthite  occur  in  a 
quartz  vein  at  Linton,  Ballarat  district. 

Selwynite  of  Ulrich  (Dana's  Min.,  p.  509*),  a  chrome-bearing 
mineral,  has  been  further  examined.  Mr.  Newbery  obtained  in 
new  analyses — 

gi  £l  €r  Ag  ffa  d 

47-26  35-28  7*82  2*42  —  5-67 

48-42  34-72  6*94  2-11  203  4-88 

48-23  38-16  614  121  3-12  290 

the  mean  of  which  affords  very  nearly  the  oxygen  ratio  for  ft,  S, 
Si,  fl,  1 :  16 :  22 :  3^.  Mr.  Ulrich  observes  that  the  mineral  is  probably 
an  altered  feldspathic  mineral,  and  related  to  the  Finite  group,  or 
especially  to  gieseckite  and  dysyntribite.  When  polished  it  has 
some  resemblance  to  nephrite. 

Talcosite  is  a  new  mineral  occurring  in  thin  seams  in  the  selwy- 
nite— the  seams  lamellar-columnar.  Resembles  talc  in  feel.  H.=l ; 
but  transverse  to  lamination  1-6-2-0.  G.  z=:2*46-2-6.  Color  silver- 
white,  faint  greenish  or  yellowish.  Luster  pearly.  Scales  flexible, 
not  elastic.  B.  B.  exfoliates,  whitens,  gives  off"  water,  and  fuses 
at  4  to  a  blebby  enamel ;  with  cobalt  solution  a  fine  blue.  A  mean 
of  two  analyses  by  Mr.  C.  Newbery — 

Si  4904  '  3fcl  45-98    Sr,  S'e,  fig,  S'a,  tr.    fl  4-30=99-32, 
giving  the  oxygen  ratio  of  fi,  Si,  fl[=«5: 6: 1. 

JSerschelite  is  found  at  a  quarry  of  basalt  near  the  river  Yarra 
at  Richmond.  Several  interesting  figures  of  its  crystals  are  given. 
It  occurs  with  phillipsite,  analcite  and  calcite.  It  is  also  found  in 
basalt  at  the  shaft  of  the  Ballarat  and  Clunes  Gold-Mining  Co., 
Clunes. 

Struvite  in  crystals  occurs  in  guano,  in  the  Skipton  Caves  near 
Ballarat.  The  depth  of  the  guano  is  about  20  feet,  and  it  has  been 
derived  from  the  excrements  of  bats, 

Tetrahedrite,  Stibnite,  Molybdenite,  Brookite,  Cassiterite,  Schec- 
lite.  Sapphire,  Topaz  are  among  the  other  minerals  of  which  men- 
tion is  made  in  the  memoir. 

15.  Lavroffite  (Lawrowit),  has  been  analyzed  by  Hermann  (J.  f. 
pr.  Ch.,  1870,  II,  i,  444)  and  shown  to  be  a  vanadiferous  diopside. 

*  Iq  the  analysis  cited  in  the  Mineralogy,  fig  4*36,  should  be  iSlg  4*56. 
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He  obtained  Si  63-66  3tl  2-26  f'e  2-48  %  16-00  Ca  2305  =  100,  with  2-67 
p.  c.  of  hypovauadic  acid. 

16.  On  Seliaite^  a  new  native  fluoride  by  Dr.  Struver,  Atti  della 
R.  Accad.  di  Torino,  iv,  1868, 36. — This  mineral  was  detected  on  a 
specimen  of  anhydrite  from  Geibroul^  in  the  State  of  Maggiore, 
in  Piedmont.  On  the  anhydrite  there  were  also  crystailme  sul- 
phur, dolomite,  and  rare  twins  of  albite.  It  is  tetragonal  in  crys- 
tallization, with  I  on  1  (ooP  on  P)zz:123®  30',  and  i-^  on  i-3  (or 

ooPoo'  on  ooP3)  =161*'  34'.  Cleavage  parallel  to  I  and  i-i  perfect. 
H.=z5.  G.=2-972  at  24°  C.  Fracture  conchoidal.  Luster  vitreous. 
Colorless.     Transparent.     Powder  white. 

It  is  insoluble  in  water ;  also  in  acids,  except  concentrated  sul- 
phuric, which  causes  an  evolution  of  fluohydnc  acid.  Small  frag- 
ments melt  in  the  flame  of  a  candle  with  intumescence.  From  the 
similarity  of  its  reactions  to  those  of  fluorite,  the  author  concludes 
as  not  improbable  that  the  mineral  is  a  monofluorid  of  magnesium, 
which  contains  38*71  of  magnesia  and  61 '29  of  fluorine.  In  treat- 
ing a  small  fragment  of  it  with  concentrated  sulphuric  acid,  he 
obtained  for  the  proportion  of  magnesium  39*64  p.  c.  The  small 
amount  of  the  mineral  in  hand  prevented  his  making  a  complete 
analysis.  The  species  is  named  after  the  distinguished  crystallog- 
rapher,  Quintino  Sella. 

17.  Amhrodte, — C.  TJ.  Shbpard  describes  under  this  name,  in 
The  Rural  Carolinian,  Feb.,  1870,  p.  311,  a  resin  resembling  amber, 
from  the  phosphatic  formation  near  Charleston,  S.'C.  It  is  yellow- 
ish-brown externally,  and  clove-brown  within;  feeblj  translucent; 
sinks  slowly  in  water ;  and  melts  into  a  clear  liquid  at  460°  F., 
after  softening  at  a  much  lower  temperature.  It  gives  off  much 
succinic  acid  long  before  it  melts,  and  a  dense  yellow  oil  is  volatil- 
ized on  its  fusion.  It  is  very  combustible,  bums  with  a  bright 
yellowish-white  light  and  pleasant  odor,  and  leaves  no  ash  behind. 
The  name  is  made  from  the  two  words  amber  and  ro9in, 

18.  On  the  Gruanape  Island  Guano  and  its  mineraU  /  by  Pro£ 
C.  TJ.  Shepard,  (ib.  May,  p.  469). — Guanape  island  is  two  miles 
northeast  of  the  Chincha  islands.  A  mineral  occurring  in  balls 
and  veins  in  the  Ouanape  Guano,  having  H.  =1*6,  G.  =2 '3,  and 
resembling  a  little  the  red  Cheshire  rock-salt,  but  rhombic  instead 
of  cubic  in  cleavage,  is  called  Ghuanapite  by  the  author.  He  found 
it  to  consist  of  sulphate  of  potash  67*75,  8ul))hate  of  ammonia 
27*88,  oxalate  of  ammonia  8*75=99*38.  It  loses  ammonia  slightly 
on  exposure  to  the  air. 

Another  substance  from  the  Guano  is  named  Gtcanoxalite,  It 
contains  sulphate  of  potash  40*20,  oxalate  of  ammonia  29*57,  water 
30*46  =100*23.  It  occurs  as  pseudomorphs  of  a  bird's  egg,  hav- 
ing the  size  and  shape  of  that  of  a  domestic  duck.  Color  white 
exteriorly,  but  from  the  presence  of  the  altered  shelL  Within, 
the  material  is  foliated  with  a  rhombic  cleavage ;  a  cream-white 
color ;  somewhat  pearly  luster ;  feeble  translucence ;  hardness  be- 
low 2,  and  G.  =1*58.  When  heated  it  swells  up,  blackens,  par- 
tially fuses,  gives  off  copious  fumes  of  ammonia,  and  leaves  a 
white  residue  of  sulphate  of  potash. 
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In  the  cavities  of  the  spinal  oolomn  and  the  stomach  of  the  re- 
mains of  birds  from  the  Guano,  yellow  cirstals  of  the  mineral 
Taylorite  occur,  a  species  first  noticed  by  W.  J.  Taylor  in  the  gmmo 
of  the  Chincha  Islands.  Alone  with  the  Taylorite  th^re  are  nu- 
merous minute  scaly  crystals  of  Aphthitalite  ;  also  oxalate  of  am- 
monia, which  Pro!  Shepard  names  Oxamtnite,  Oxalate  of  lime 
is  occasionally  observed  in  crystals;  also  phosphate  of  ammonia 
{phoepha/mmite  of  Shepard)  in  crvstals  and  lumps;  and,  as  an 
efflorescence  from  this  mineral,  biphosphate  of  ammonia  (Bipho9- 
phammite  S.). 

IIL   BOTANY  AND  ZOOLOGY. 

1.   Miscellaneous  Botanical  Notices  and  Observations. 

The  Code  of  Botanical  Nomenclature^  as  digested  by  M.  Alpb. 
DeCandolle  and  adopted  by  the  International  Oonmress  at  Paris 
in  1867,  while  on  the  whole  approved  by  botanists,  has  been  vari- 
ously criticised  in  certain  particulars,  some  writers  naturally 
objecting  to  one  article,  some  to  another.  To  the  more  important 
of  these  criticisms  DeCandolle  made  reply  at  a  meeting  of  the 
Botanical  Society  of  France  on  the  26th  of  February,  1869.  The 
number  of  the  Bulletin  which  contains  his  communication  was 
issued,  we  believe,  at  the  beginning  of  the  present  year.  M,  De- 
Candolle intimates  that  he  passes  by  the  still  controverted  question 
as  to  the  proper  mode  of  citing  the  authority  for  species  where 
they  have  been  transferred  to  another  than  the  original  genus,  as 
being  one  upon  which  further  discussion  could  hardly  be  more 
than  iteration.  He  merely  remarks  that  the  more  experience  we 
have  of  the  working  of  the  system  of  double  citation  of  authors, 
whether  with  or  without  parenthesis,  the  more  crave  do  the  incon- 
veniences appear.  Since  we  cannot  readily  make  a  brief  abstract 
of  the  several  points  which  he  does  discuss,  we  will  now  notice 
only  those  upon  which  this  Journal  ventured  to  differ  frt>m  M. 
DeCandolle  and  the  Congress.  The  chief  serious  objection  was 
raised  upon  article  50,  which  prescribed  the  mode  in  which  unpub- 
lished names,  taken  up  by  an  author,  should  be  subsequently  cited. 
We  remarked  that :  "  For  instance,  there  may  be  no  necessity  for 
taking  up  one  of  Commerson's  names  affixed  by  him  to  his  plants 
in  herbaria ;  but  if  taken  up,  simple  verity  would  seem  to  require 
this  botanist^s  name  to  be  cited.  We  should  feel  bound  to  write 
^Flacou/rtia  Commerson,'  although  published  by  L'Heritier  or 
Jussieu,  who  probably  supplied  the  character.  The  rule  as  pro- 
posed would  apply  to  names  communicated  with  manuscript  char- 
acters by  one  botanist  to  another,  as  well  as  to  named  specimens. 
Now,  no  botanist  is  bound  to  do  the  work  of  publication  for 
another ;  but  if  he  chooses  to  do  so,  the  maxim  guifacitper  alias^ 
etc.,  must  [conversely]  feirly  apply,  and  succeeding  writers  should 
not  be  required  to  take  the  godratner  for  the  &ther.  If  we  rightly 
understand  the  editor,  he  proposes  that  we  should  write  Eul^hus^ 
I^ptocauliSy  and  Trepocarpus  DC,  although  the  elder  DeCandolle, 
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accepting  these  names  with  the  specimens  from  Nnttall,  scrupu- 
lously attributes  them  to  '  Nutt.  in  litt.'  To  us,  all  such  names, 
which  the  elder  DeCandolle  has,  at  his  own  discretion,  published 
for  Nuttall,  are  of  NuU.  in  DC.  Prodr.  <fec." 

To  which  M.  DeCandolle  now  rejoins :  . .  .  .  "  But  see  the  incon- 
venience which  results.  All  the  catalogues  or  dictionaries,  and  all 
indexes  have  I/eptocatUis  Nutt.  So  we  search  the  works  of  Nutt- 
all, and  perhaps  even  the  small  papers  scattered  in  the  journals, 
and  lose  much  time  and  pains;  for  Nuttall  never  published  this 
name.  It  may  be  that  he  would  not  have  desired  to  publish  it  if 
he  had  exammed  the  question  subsequently.  The  date  of  the 
genus  is  that  of  the  publication ;  and  the  publication  is  really  the 
one  essential  thing;  for  what  are  the  most  important  discoveries 
if  not  published?    In  writing  Leptoeaulis  DC.  ex  Nutt,  litt.  the 

Erimitive  author  is  equally  indicated ;  but  then  one  will  see  in  the 
ooks  Deptocatdia  DC,  and  any  one  will  readily  find  in  the  works 
of  DeCandoUe  the  origin  of  the  genus  and  the  date  of  publication." 
We  are  disposed  to  add  that  the  information  sought  would  be 
as  readily  found  when  written  ^"^  Leptoeaulis  Nutt  in  DC.^'*  and 
that  this  more  strictly  as  well  as  more  tersely  represents  the  fact 
than  ^^Leptoeaulis  DiJ.ex  Nutt.  litt.^^  The  full  reference  is  ^^ lepto- 
eaulis Nutt.  in  DC.  Prodr.  4,  p.  107 ;"  and  the  question  is,  whether 
in  mere  enumeration  this  is  to  be  abbreviated  into  *'^  Leptoeaulis 
Nutty'*  or  '^Leptoeaulis  DC.^^  Either  way,  the  work,  as  well  as 
volume  and  page,  has  to  be  looked  up,  and  the  trouble  of  finding 
the  origin  of  the  name  in  the  pages  of  the  Prodromus  may  proba- 
bly be  far  less  than  if  Nuttall  had  published  it  directly  in  one  of 
his  various  scattered  papers.  But  let  us  in  our  turn  test  the  new 
rule  by  the  results  which  would  ensue  from  its  consistent  applica- 
tion. To  the  first  volume  of  the  Flora  of  North  America  Nuttall 
contributed  a  large  number  of  new  species  and  genera,  which  were 
published  for  him  by  the  authors  of  that  work ;  but  for  which,  if 
cited  according  to  the  new  rule,  they  would  seem  to  have  incurred 
a  responsibility  much  beyond  what  was  counted  on.  They  might 
well  msist  that  the  new  mode  of  citation  was  misleading.  More- 
over, if  "  Centrostegia  A.  Gray,  mss.,"  so  published  in  Bentham's 
EriogonecB  contributed  to  DeCandoUe's  Prodromus,  is  briefly  to 
be  cited  "  Centrostegia  Thurberi  Benth.  in  DC.  Prodr,"  must  not 
Eriogonura  Douglasii  and  a  score  of  other  such  species  on  the 
same  principle  be  cited  as  JE  Douglasii  Alph.  DC,  Ac.  ?  for  we 
should  search  the  works  of  Benth  am  in  vain  for  these  names, 
losing  much  time  and  pains.  It  will  of  course  be  said  that  the 
"  auctor  Bentham  "  at  the  top  of  the  page  explicitly  indicates  the 
actual  author;  but  so  equally  does  the  "A,  Graymss."  at  the 
head  of  that  article.  To  take  another  instance :  upon  this  plan  we 
may  be  required  to  write  ^^JEliottia  Elliot"  (Sketch,  1,  p.  448). 
Elhott  himself  wrote  ^^EUiottia  Muhlenberg,"  adding,  "I  have  in- 
serted it,  as  requested  by  Dr.  Muhlenberg,  under  this  name."  He 
adds  to  the  specific  name  "  Muhl.  Cat,"  mdeed.  But  the  context 
shows  that  the  second  edition  of  Muhlenberg's  Catalogue  was  not 
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then  published ;  it  is  doubtful  if  it  was  so  when  that  part  of  Elli- 
ott's first  voliune  was  issued ;  and  if  it  were,  the  enumeration  in  the 
catalogue,  according  to  the  Code,  is  not  tantamount  to  publica- 
tion. There  are  other  well-known  cases  of  a  similar  sort,  in  which 
an  author  would  become  liable  to  the  imputation  of  dedicating  a 
genus  to  himself. 

When  we  consider  how  punctilious  the  elder  DeCandolle  was  in 
this  respect  and  others  of  a  similar  sort,  and  how  generally  he  has 
been  followed,  we  must  regard  the  change  proposed  in  the  code 
and  exemplified  in  some  (but  not  all)  of  the  later  volumes  of  the 
Prodromus  as  an  innovation  rather  than  the  declaration  of  an  exist- 
ent common  law,  or  a  natural  development  of  it.  The  laudable  end 
sought,  however,  in  this  and  in  article  42,  is  to  obviate  or  diminish 
grave  and  growing  inconveniences  which  arise  from  imperfect  pub- 
lication and  merely  recorded  names  in  collections  and  herbaria. 
And  here  we  do  not  com  j)lain  that  the  rights  of  publication  through 
the  distribution  of  specimens,  conceded  in  art.  42,  are  seemingly 
very  much  restricted  by  the  new  commentary.  The  duty,  or 
perhaps  comity,  of  respecting  imperfectly  published  or  unpublished 
names  is  only  one  of  miperfect  obligation,  as  the  moralists  would 
say,  and  therefore  not  to  be  fixed  by  law  but  governed  by  discre- 
tion. Legal  rights  begin  only  with  publication,  no  matter  by 
whose  agency.  We  would  only  urge  that  subsequent  citation, 
purporting  to  indicate  the  origin,  should  not  in  effect  misquote  the 
record. 

BaUlon^s  Histoire  des  Plantes^  briefly  noticed  in  our  January 
number,  goes  on  well  We  have  received  two  more  monographs 
published  since  the  year  began ;  one  of  the  FroteacecB,  the  other 
and  much  larger  one  of  the  Papilionaceous  Leguminosce,  The 
paper  and  print  are  most  excellent  and  attractive :  so  also  are  the 
wood-cuts,  as  is  usual  in  French  publications  of  this  kind.  We 
notice  that  an  English  translation  is  announced.  Considering  the 
high  price  and  generally  limited  sale  of  botanical  books  in  England 
we  should  not  expect  it  would  pay.  But,  if  it  could  ever  be  finished 
upon  the  plan  adopted,  it  would  be  aproper  companion  and  com- 
plement to  LeMaout  and  Decaisne's  Traiti  General  de  Botaniqve, 
of  which  an  English  edition  is  now  in  preparation  under  the  best 
auspices.  The  latter  copiously  illustrates  the  families,  and  barely 
enumerates  some  of  the  principal  genera.  The  former  illustrates 
the  tribes,  Ac,  by  a  general  history  of  the  structure  of  some  lead- 
ing representatives,  cast  in  a  popular  and  readable  form,  and  adds 
the  characters  of  the  genera,  in  the  ordinary  technical  form  and  in 
the  Latin  language. 

An  attempted  Improvement  in  the  Arranaement  of  Ferns  and 
in  the  Nomenclature  of  their  Sttbdivisions,  is  the  title  of  a  pam- 
phlet by  the  Rev.  Prof  Hincks  of  the  University  of  Toronto  and 
President  of  the  Canadian  Institute;  a  popular  account  of  the 
structure,  fructification,  and  fertilization  of  this  group  of  plants, 
which  he  regards  as  an  alliance  (FilicaUs)^  containing  the  three 
orders,  Osmundacece,  Cyatheacoe^  and  Poli/podia^cece^  founded  on 
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the  sporangia,  the  OphioglorBOcece  being  excluded  by  their 
"straight  aestivation"  [vernation]  and  referred,  as  is  natural,  to 
the  IJycopodiaceoe,  The  tribes  of  the  first  two  filical  orders  three 
each,  of  the  Polypodiaceoe  four  times  three,  or  three  for  each 
division  or  subdivision,  founded  on  the  sori  For  genera  he  is 
disposed  to  make  more  of  the  venation  than  is  the  present  mode, 
ana  less  of  stipes  and  articulation,  and  so  discards  JPhegopteris. 
Finally,  he  takes  up  the  questions  relating  to  Aepidium^  both  as 
to  generic  comprehension  and  nomenclature,  and  proposes  to  keep 
Lastrea  and  Polyatichum  as  genera. 

The  Oenvs  Mydrolea  is  reviewed  by  A.  W.  Bennett  in  the  63d 
number  of  the  Journal  of  the  Linnean  Society  (May,  1870),  and 
the  species  are  brought  up  to  thirteen,  of  wmch  three'  are  here 
established.  That  M.  ajfinia^  described  in  the  last  edition  of 
Gray's  Manual,  should  have  been  overlooked  is  not  to  be  won- 
dered at ;  but  specimens  of  it  doubtless  occur  in  the  Kew  herbaria, 
probably  confounded  with  H,  qtuzdrivcUvis.  Mr.  Bennett  sides 
with  Choisy  in  keeping  up  the  order  HydroleacecB^  as  distinct 
from  HydrophyUa^cecB^  "  most  clearly,"  on  account  of  "  the  bilocu- 
lar  manynseeded  ovary,  axile  placentation,  and  leaves  invariably 
simple."  These  characters  come  down  to  two,  the  indefinitely 
numerous  ovules  and  the  two-celled  ovary.  But  the  new  Califor- 
nian  genus  Draperia  Torr.  stands  in  the  gap,  having  the  two-celled 
ovary  as  well  as  the  habit  of  Nama,  with  the  geminate  ovules  of 
proper  Phacelia, 

Tampico  Jalap  has  within  the  last  few  years  come  into  the 
markets  as  a  distinct  sort,  and  "  although  less  rich  in  resin  and 
less  purgative  than  true  jalan,  yet  on  account  of  its  lower  price  it 
has  found  a  ready  sale."  Mr.  Daniel  Hanbury  has  traced  the 
article  to  its  source,  in  the  root  of  a  new  Ipomceay  I,  simulans 
Hanbury,  described  and  figured  in  the  53d  number  of  the  Journal 
of  the  Linnean  Society,  wmch  Inhabits  the  Sierra  Gorda,  etc.,  in 
Mexico. 

A  JRevision  of  the  Flora  of  Iceland  is  the  title  of  an  extensive 
paper  in  the  same  Journal,  by  Professor  Babington.  The  cata- 
logue of  Phfienogamous  and  Acrogenous  plants  reaches  467  species. 
Although  Iceland  touches  the  arctic  circle  and  is  largely  occupied 
by  mountains,  "  many  of  which  rise  to  the  height  of  6000  feet  and 
are  covered  through  fully  their  upper  half  witn  perpetual  ice  and 
snow,  from  whence  extensive  glaciers  descend  almost  to  the  level 
of  the  sea,"  yet  the  climate  is  rendered  so  mild  comparatively  by 
the  influence  of  the  Gulf  Stream  which  washes  the  coast,  and  the 
rain-fall  and  prevailing  cloudiness  in  summer  are  so  great,  that, 
while  on  the  one  hand  there  is  no  proper  forest,  on  the  other  "only 
62  species  are  found  which  do  not  form  part  of  the  British  Flora," 
and  not  more  than  three  are  decidealy  arctic,  viz.,  Qentiana 
detonsa^  Pleurogyne  rotata^  and  Epilobium  latifolimny  All 
three  of  these  come  down  to  comparatively  low  latitudes  and  low 
levels  in  North  America.  A  plant  of  much  interest,  and  which 
should  be  thoroughly  compared  with  that  so  named  in  North 
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America,  is  Platanthera  hyperborea^  of  which  the  present  writer 
craves  Icelandic  specimens. 

Uie  Fertilization  of  various  Flowers  by  Insects  is  the  title  of  an 
originjd  paper,  contributed  by  Dr.  Wm.  Ogle  to  the  April  number 
of  the  Popular  Science  Review.  Of  the  various  mechanical  con- 
trivances described,  as  also  of  the  views  suggested,  some  are  not 
novel,  the  writer,  as  he  states,  not  bein^  familiar  with  the  botani- 
cal literature  of  the  subject  (and  this  is  most  evident) :  but  the 
whole  article  is  well  worthy  of  much  attention,  and  would  have 
been  most  interesting  to  the  general  reader — ^the  narrative  being 
remarkably  clear — except  that  it  is  so  disfigured  by  typographic^ 
errors  as  to  be  almost  unintelligible  to  ordinary  readers ;  indeed, 
the  proofs  would  seem  not  to  have  been  revised  at  all.  The  most 
interesting  and  original  portion  is  that  which  relates  to  the  fertili- 
zation in  the  Heath  family,  and  to  the  use  of  the  awns  or  appen- 
dages on  the  back  of  the  anthers  in  Heaths,  Uva-Ursi,  Vaccinium, 
Ac,  by  which  the  bee  in  sucking  the  flower  topples  or  moves  the 
anther,  so  that  the  pollen  falls  out  of  the  terminal  openings  upon 
the  insect's  head,  feean-flowers  and  their  fertilization,  as  also  in 
related  papilionaceous  blossoms,  are  well  described;  and  it  is 
noticed  that,  while  some  bees  have  learned  to  get  at  the  nectar 
feloniously  by  making  a  hole  in  the  side  of  the  calyx-tube,  and 
others  enter  the  regular  way,  and  so  do  their  proper  work,  an 
individual  bee,  visiting  a  succession  of  bean-flowers,  keeps  persist- 
ently to  the  one  or  the  other  plan.  "  It  would  thus  appear  that 
the  habit  is  not  an  instinct,  belonging  by  inheritance  to  the  whole 
species,  but  is  in  each  case  the  result  of  individual  experience.  As 
with  the  same  experience  some  bees  have  acquired  tne  habit  and 
others  have  not,  we  must  admit  not  only  tnat  these  insects  are 
intelligent,  but  that  they  differ  from  each  other  in  their  degrees 
of  intelligence,  some  bemg  slow  in  acquiring  knowledge,  others 
quicker."  Perhaps  the  knowing  ones  have  inherited  the  knack,  in 
which  case  it  b  instinct  in  them,  after  all.  Instinct,  briefly  defined, 
is  congenital  habit. 

Elements  de  ^otanique  et  de  Physiologie  Vigkale^  suivis  Pune 
petite  Flore  simple  et  facile  pour  aider  d  dicouvrir  les  nonts  des 
JPiantes  les  plus  communs  du  Canada :  par  l'Abb6  Ovide  Bbunkt, 
Prof.  Bot.  k  FUniversit^  Laval.  Quebec,  1870. — A  very  neat  little 
book,  prepared  by  Prof  Brunet,  as  a  sort  of  first  book  in  Botany 
for  Lower  Canada,  where  French  is  still  the  language  of  instruc- 
tion. It  is  illustrated  by  wood-cuts  mostly  from  very  good  draw- 
ings by  the  author's  own  hands ;  and  the  structural  and  physio- 
logical part,  and  also  the  little  flora,  seem  to  be  as  clear  as  they 
well  can  be  in  the  diminutive  space  they  occupy ;  excepting  that 
Abies  Canadensis  is  put  with  Balsam-Fir  into  a  genus  in  which 
the  scales  are  said  to  mil  from  the  axis,  which  is  an  obvious  over- 
sight. It  is  curious  to  see  what  the  plants  are  which  are  taken  as 
the  commonest  in  Lower  Canada,  and  what  the  popular  names  are. 
For  instance,  Sarracenia  is  known  as  "  Petit-cochons ;"  Wood- 
sorrel  as  "  A1161uia ;"  Impatiens  fkdva  as  "  Chou-sauvage ;"  Hernia- 
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mdU  as  "  CaflS-du-Diable ;"  Cranberry  as  '*Atoca,**  but  Vacinium 
Vitia-Idcea  as  "  Pommes-de-terre." 

The  Herbarium  of  the  late  Von  Martius  has  been  purchased  for 
30,000  francs  by  the  Belgian  Government,  to  form  the  nucleus  of 
a  national  collection  at  Brussels. 

2%e  Michavx  Orove  Oaks, — This  name  is  to  be  applied  to  a 
collection  of  Oaks  to  be  planted  in  Fairmount  Park,  Philadelphia, 
"  in  which,  if  practicable,  shall  grow  two  oaks  of  every  kind  that 
will  endure  the  climate,"  in  commemoration  of  the  vounger  (F.  A.) 
Michauz,  author  of  the  Sylva  Americana,  and  his  rather,  author  of 
HUtoire  dea  Chines  de  VAmerique.  The  grove  is  to  be  main- 
tained by  the  income  of  a  legacy  of  $6000  bequeathed  by  the 
younger  Michaux  to  the  American  Philosophical  Society,  in  trust 
for  arboricultural  purposes,  which  legacy  is  now  devoted  by  the 
Society  to  this  use. 

Otto  BoBckeler  is  publishing  in  the  current  volume  of  the  Lin- 
ncea^  a  full  account  of  the  Cyperaceee  of  the  Rojral  Hebarium  of 
Berlin,  which  now,  in  the  fourth  fasciculus  reachmg  the  ScirpecBy 
is  becoming  of  consequence  to  United  States  botanists.  He  describes 
several  supposed  new  species  of  Cyperus  and  a  few  of  JSleochaHs^ 
&c.,  and  identifies  several  of  ours  with  older  species,  making  some 
changes  of  nomenclature.  By  what  may  be  a  good  hit  he  refers 
the  inner  squamula  of  Hemicarpha  to  an  abortive  stamen,  and  so 
refers  the  species  to  Scirpus,  ours  becoming  8,  micranthvs  VahL 

Generis  Astragali  Speries  GentogcBce  pars  altera. — The  first 
part  of  this  monograph  by  Prof.  Bunge  of  the  Old-World  species 
(almost  a  thousand  in  number)  of  the  great  genus  Astragalus^  was 
mentioned  iii  our  January  number.  We  have  now  received  the 
completion,  containing  the  systematic  enumeration  of  the  species, 
with  characters  and  descriptions  of  most  of  them,  and  the  synonymy. 
The  work  is  published  hj  the  Imperial  Academy  of  St.  Petersburgh, 
this  pait  being  the  initial  number  of  the  15th  volume  of  its  Jb8- 
moires^  pp.  254. — ^The  succeeding  number,  of  over  800  pages,  con- 
sists of  part  first  of 

Flora  Cattcasiy  by  Rupprecht,  with  six  plates.  It  carries  the 
work  from  JRanuneulaceoe  down  to  Vitace(e,  The  species  are 
described  or  annotated  at  large,  but  not  by  definite  technical 
characters,  and  vast  observation  and  learning  are  exhibited,  along 
with  a  liking  for  multiplication  of  genera.  Dr.  Rupprecht  consi<£ 
ers  the  name  Viola  umbrosa  of  Fries  (1828)  to  have  precedence  of 
Viola  Selkirkii  Pursh  ex  Goldie,  1822,  on  the  ground  that  the 
latter  name  was  not  published  until  1838  by  Hooker.  But  in 
Goldie's  paper  (which  indeed  was  drawn  up  by  Hooker)  there  is  a 
good  Latin  diagnosis  of  the  species  followed  by  almost  half  a  page 
of  detailed  description  in  English ;  in  fact,  hardly  any  species  has 
been  more  effectually  published. 

Mr.  Bentham^s  Presidential  Address  at  the  anniversary  meeting 
this  year  is  somewhat  briefer  than  usual,  but  not  less  likely  to  at- 
tract attention.  It  is  mainly  devoted  to  two  topics :  1,  the  results 
obtained  ^m  the  recent  explorations  of  the  deep-sea  ^siunas ;  and 
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2,  those  from  the  investigation  of  the  tertiary  deposits  of  the  arctic 
regions,  "tending  both  of  them  to  elucidate  in  a  remarkable 
degree  one  of  the  most  important  among  the  disputed  questions 
in  biological  history,  the  continuity  of  life  through  successive 
geological  periods."  After  briefly  indicating  where  the  principal 
data  are  recorded,  Mr.  Bentham  continues : 

"  It  would  be  useless  for  me  here  to  retrace,  after  Dr.  Carpenter 
and  Prof  Verrill,  the  outlines  of  the  revolution  which  these  marine 
discoveries  have  caused  in  the  previously  conceived  theories,  both 
as  to  the  geographical  distribution  of  marine  animals,  and  the  rela- 
tive influences  upon  it  of  temperature  and  depth,  and  as  to  the 
actual  temperature  of  the  deep  seas,  or  to  enter  into  any  details  of 
the  enormous  additions  thus  made  to  our  knowledge  of  the  diver- 
sities of  organic  life ;  and  it  would  be  still  further  from  mv  province 
to  consider  the  geological  conclusions  to  be  drawn  from  them.  My 
object  is  more  especially  to  point  out  how  these  respective  dips 
into  the  early  history  of  manne  animals  and  of  terrestrial  forests 
have  afforded  the  strongest  evidence  we  have  yet  obtained,  that 
apparently  unlimited  permanency  and  total  change  can  go  on  side 
by  side,  without  requiring  for  the  latter  any  general  catastrophe 
that  should  preclude  the  former. 

"  There  was  a  time,  as  we  learn,  when  our  chalk-clifb,  now  high 
and  dry,  were  being  formed  at  the  bottom  of  the  sea  by  the  gradual 
growth  and  decay  of  Globigerinae  and  the  animals  that  fed  on  them 
— amongst  others,  for  instance,  BhizocrintM^  and  Terebrattdina 
caput-serpentis ;  and  when,  at  a  later  period,  the  upheaval  of  the 
ground  into  an  element  where  these  animals  could  no  longer  live 
arrested  their  progress  in  that  direction,  they  had  already  spread 
over  an  area  sufficiently  extensive  for  some  part  of  their  race  to 
maintain  itself  undisturbed;  and  so,  on  from  that  time  to  the 
present  day,  by  gradual  dispersion  or  migration,  in  one  direction 
or  another,  the  same  Rhizocrinua  and  Terebratulina  have  always 
been  in  possession  of  some  genial  locality,  where  thejr  have  con- 
tinued from  generation  to  generation, .  and  still  continue,  with 
GlobigennsB  and  other  animals,  forming  chalk  at  the  bottom  of  the 
sea,  unchanged  in  structural  character,  and  rigidly  conservative  in 
habits  and  mode  of  life  through  the  vast  geological  periods  they 
have  witnessed.  So  also  there  was  a  time  when  the  hill-sides  oi 
Greenland  and  Spitzbergen,  now  enveloped  in  never-melting  ice 
and  snows,  were,  under  a  genial  climate,  clothed  with  forests,  in 
which  flourished  Tcuxodium  distichum  (with  Sequoi<Bj  MagnoUoe^ 
and  many  others) ;  and  when  at  a  later  period  these  forests  were 
destroyed  by  the  general  refrigeration,  the  Taxodium  already 
occupied  an  area  extensive  enough  to  include  some  districts  in 
whicn  it  could  still  live  and  propagate ;  and  whatever  vicissitudes 
it  may  have  met  with  in  some  parts,  or  even  in  the  whole,  of  its 
original  area,  it  has,  by  gradual  extension  and  migration,  always 
found  some  spot  where  it  has  gone  on  and  thriven,  and  continued 
its  race  from  generation  to  generation  down  to  the  present  day, 
unchanged  in  character,  and  unmodified  in  its  requirements,    in 
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both  cases,  the  permanent  animals  of  the  deep-sea  bottom  and  the 
permanent  trees  of  the  terrestrial  forests  have  witnessed  a  more  or 
less  partial  or  complete  chanee  in  the  races  amongst  which  they 
were  commingled.  Some  of  these  primitive  associates,  not  en- 
dowed with  the  same  means  of  dispersion,  and  confined  to  their 
original  areas,  were  extinguished  by  the  geological  or  climatologi- 
cal  changes,  and  replaced  by  other  races  amongst  which  the  per- 
manent ones  had  penetrated,  or  by  new  immigrants  from  other 
areas ;  others,  again,  had  spread  like  the  permanent  ones,  but  were 
less  fitted  for  the  new  conditions  in  which  they  had  become  placed, 
and  in  the  course  of  successive  generations  have  been  gradually 
modified  by  the  Darwinian  process  of  natural  selection,  the  survival 
of  the  fittest  only  among  their  descendants.  If,  in  after  times,  the 
upheaved  sea-bottom  becomes  again  submerged,  the  frozen  land 
becomes  again  suited  for  vegetation,  they  are  again  respectively 
covered  with  marine  animals  or  vegetable  life,  derived  from  more 
or  less  adjacent  regions,  and  more  or  less  diflTerent  from  that  which 
they  origmally  supported,  in  j)roportion  to  the  lapse  of  time  and 
extent  of  physical  changes  wnich  had  intervened.  Thus  it  is  that 
we  can  nerfectly  agree  with  Dr.  Duncan,  that  *  this  persistence  (of 
type  and  species  through  ages,  whilst  their  surroundings  were 
cnanged  over  and  over  again)  does  not  indicate  that  there  have 
not  been  sufficient  physical  and  biological  changes  during  its 
lasting  to  alter  the  face  of  all  things  enough  to  give  geologists  the 
right  of  asserting  the  succession  of  several  periods  y  but  we  can, 
at  the  same  time,  feel  that  Dr.  Carpenter  is  in  one  sense  justified 
in  the  proposition,  that  we  may  be  said  to  be  still  living  in  the 
Cretaceous  period.  The  chalk  formation  has  been  going  on  over 
some  part  of  the  North  Atlantic  sea-bed,  from  its  first  commence- 
ment to  the  present  day,  in  unbroken  continuity  and  unchanged  in 
character." 

A  portion  of  this  address  will  probably  astonish  the  vegetable 
paleontologists,  excepting  perhaps,  Mr.  Lesquereux,  whose  cautious 
language,  and  his  statement  in  this  Journal  that,  properly  speak- 
ing, no  species  can  be  established  from  leaves  or  mere  fragments 
of  leaves,  are  commended.  For  the  President  of  the  Lmnsean 
Society  avows  himself  wholly  skeptical  as  to  the  "New  Holland 
in  Europe''  of  eocene  times,  denying  the  existence  of  a  single 
specimen  out  of  the  nearly  one  hundred  supposed  tertiary  species 
which  a  modem  systematic  botanist  would  admit  to  be  Proteaceous, 
unless  received  from  a  country  v/here  JProteacem  were  otherwise 
known  to  exist.    The  grounds  of  this  opinion  are  given  in  detail. 

The  Studenfs  Flora  of  the  British  Islands^  by  J.  D.  Hooker, 
C.B.,  &c,y  just  issued  by  Macmillan  &  Co.,  comes  to  take  the 
place  of  Hooker  <fc  Amott's  British  Flora,  now  out  of  print  and 
antiquated,  as  that  took  the  place  of  Sir  William's  British  Flora 
which  did  such  good  service  in  its  day  and  in  its  five  editions.  In 
these  a  goodly  octavo,  then  a  thick  duodecimo,  it  now  becomes  a 
compact  l6mo,  a  very  "  handy  book,"  which  may  be  carried  in  the 
Am.  Joub.  Sci.— Second  Scries,  Vol.  L,  No.  149.-  Sept.,  1870. 
18 
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pocket ;  but  this  compactness  is  not  at  the  expense  of  either  clear- 
ness or  fullness.  "  The  object  of  this  work,"  so  the  preface  opens, 
'^  is  to  supply  students  and  field-botanists  with  a  fuller  account  of 
the  plants  of  the  British  Islands  than  the  manuals  hitherto  in  use 
aim  at  giving."  The  body  of  the  volume,  exclusive  of  SynopsiB 
and  Index,  is  contained  in  474  pages;  the  species  appear  nearly  to 
average  three  to  the  page.  We  are  glad  to  see  that  orthodox 
specific  characters  are  kept  up,  and  that  they  are  specific  charac- 
ters, diagnoses,  not  descnptions.  Descriptive  matter  follows  and, 
with  habitat,  range  in  elevation,  and  distribution  in  general,  forms 
a  secondary  paragraph  of  much  greater  extent  than  the  diagnosis ; 
and  then  ''  euthspeciee "  are  numerous  and  fidly  characterized,  as 
are  occasionally  varieties  of  second  order  under  them.  The 
species  are  naturally  arranged,  under  sections  when  needful ;  bat 
keys  to  the  species  are  not  given,  the  author  ''  finding  from  expe- 
rience that  such  keys  promote  very  superficial  habits  amongst 
students," — which  they  certainly  do.  As  the  book  is  wholly  new, 
and  the  descriptions  all  at  first  nand,  from  living  plants  and  dried 
specimens,  a  good  many  slips  and  oversights  are  inevitable.  With 
the  longest  experience  and  great  painstaking  these  cannot  be 
avoided,  but  have  to  be  weeaed  out  at  leisure.  Here  where  a 
British  Flora  is  only  incidentally  used,  we  have  no  call  to  point 
out  such  as  we  have  noticed,  most  of  which  are  sure  to  be  rectified 
in  the  new  edition,  which  must  needs  be  promptly  called  for.  But 
we  will  venture  to  find  fault  with  one  typographical  blemish,  as 
we  think  it,  viz.,  the  insertion  of  the  accent  mark  between  the 
letters  in  generic  and  specific  names,  so  as  to  display  an  unsightly 
cletl  in  the  middle.  Surely  the  London  printing-houses  have,  or 
can  have,  the  vowels  with  accents  cast  upon  the  type ;  and  there 
are  ways  of  indicating  whether  the  vowel  be  long  or  short,  if  that 
be  worth  the  while.  This  whole  business  of  accentuation  is,  no 
doubt,  of  secondary  consequence,  and  plainly  is  not  so  much  con- 
sidered by  English  botanists  of  the  present  day  as  by  those  of  a 
past  generation.  But  ordinary  students  and  amateurs  may  fairly 
ask  lOT  guidance;  and  those  who  have  occasion  to  coin  many 
botanical  names  are  bound  to  consider  in  advance  how  they  must 
needs  be  pronounced.  Artificial  keys  to  the  natural  orders  are 
liable  in  some  degree  to  the  same  objection  as  are  keys  to  species; 
but  they  are  almost  indispensable  to  youne  students ;  only  they 
must  be  made  with  extreme  care,  and  every  deviation  or  exception 

Provided  for.  A  synopsis  of  the  natural  oraers,  such  as  Dr.  Hooker 
as  prepared,  guarded  by  mention  of  exceptions  and  qualifications, 
has  its  own  advantages,  and  where  the  number  of  orders  is  not 
larger  than  in  Britain  may  perfectly  serve  the  purpose.        a.  a. 

llie  American  Entomologisty  now  published  at  St  I.ouis,  has 
this  year  added  the  words  ^^  and  Botanist "  to  its  title,  and  Dr. 
George  Vasey  has  taken  charge  of  the  Botanical  Department 
He  has  .entered  upon  his  duties  with  promising  vigor,  and  is  pro- 
ducing a  series  oi  popular  botanical  articles  which  are  Ukely  to  be 
widely  read  throughout  the  western  country  and  to  be  very  useful 
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In  the  combined  3vXj  and  AugoBt  number  the  editor  has  a  spirited 
article  upon  the  Ongin  of  Prairie  Vegetation,  which  is  mainly  a 
criticism  of  the  writings  of  Prof  Winchell  upon  this  subject  in  his 
"  Sketches  of  Creation."  If  it  is  seriously  maintained  in  that  work 
that  seeds  buried  in  diluvial  deposits  may  have  retained  their 
vitality  during  the  glacial  period,  and  by  their  germination  after 
it  "  reproduced  the  flora  of  the  prae-glacial  period,"  we  can  only 
wonder  that  this  immense  extension  of  the  hypothesis  of  the  indefi- 
nite vitality  of  buried  seeds  should  have  been  made  at  a  time  when 
most  biologists  probably  doubt  whether  any  seed  ever  preserved 
the  power  of  germination  for  a  century  or  two.  a,  g. 

2.  ^  Carbolizirw  Birds  ;■  by  H.  W.  I^abker.  (Conmiunicated  by 
the  Author.) — The  following  methods,  carefully  studied  for  two 
years,  with  results  noted,  are  recommended  for  the  saving  of  birds 
in  warm  weather  until  the  operator  finds  time  to  skin  them ;  for 
the  permanent  preparation  of  drawer  specimens,  where  the  student 
neeas  a  large  series  of  individuals  to  determine  the  variations  and 
limits  of  species ;  and  for  mounting  small  birds,  at  least  as  tem- 
porary representatives,  when  neither  the  time  nor  the  expense  in- 
volved in  the  old  methods  can  be  afforded. 

The  viscera  are  removed,  to  effect  which  neatly  the  legs  are 
pinned  widely  apart,  and  a  paper  several  times  folded  is  pinned 
over  the  tail  m  tne  direction  whither  the  viscera  are  drawn  out. 
With  proper  care,  the  sex  is  readily  observed.  A  wad  of  cotton 
absorbs  the  fluids  remaining  in  the  cavity.  The  leg  is  then  grasped 
close  to  the  body,  and  a  knife  or  wire  is  introduced  into  the  cavity 
and  run  down  into  the  flesh  of  the  leg,  working  the  instrument 
around,  but  not  so  as  to  break  the  skin.  For  a  small  bird,  five  to 
ten  drops  of  the  commercial  fluid  preparation  of  carbolic  acid  is 
made  to  anoint  the  whole  interior,  and  to  penetrate  the  leg  by 
stretching  and  relaxing  the  same  in  proper  position.  The  appli- 
cation is  repeated  after  the  first  drops  are  absorbed ;  and  a  wad 
of  cotton,  wet  with  the  acid,  may  be  left  close  under  the  breast- 
bone next  to  the  neck.  The  cavity  is  then  filled  with  cotton  and 
the  skin  drawn  back  into  place.  The  inside  of  the  mouth  is  well 
anointed,  and  a  saturated  wad  of  cotton  pushed  down  the  whole 
length  of  the  neck.  The  eyes  are  removed  by  a  hooked  wire  in- 
serted into  the  ball,  the  head  being  so  held  that  the  humors  of  the 
eye  will  drop  without  soiling  the  lids.  The  moist  lids  are  left  as 
open  as  possible,  and  the  specimen  placed  in  a  cool  cellar  till  the 
next  day,  when  the  lids  are  dry  enough  to  take  their  open  shape. 
Then  a  nail  is  inserted  through  the  lids  and  pushed  through  the 
bone  at  the  back  part  of  the  orbit  into  the  brain,  and  so  worked 
as  to  make  a  gooa  opening.  A  tightly  rolled  bit  of  cotton,  satu- 
rated with  the  acid,  is  pushed  into  the  brain  and  worked  around 
in  it,  care  being  taken  not  to  wet  the  eyelids.  If  by  chance  the 
feathers  are  wet,  the  acid  can  be  removed  by  powdered  chalk,  re- 
peatedly applied. 

Specimens  so  prepared  in  warm  weather,  can  be  skinned  a  week 
or  two  after,  if  Kept  boxed  in  a  cellar.     No  smell  of  decomposi- 
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tion  is  observed;  the  acid  gpadually  and  completely  penetrates  the 
pectoral  muscles ;  the  skin  is  strong  and  the  feathers  not  loosened. 
For  permanent  preparation,  the  skin  should  be  laid  open  from 
the  abaomen  to  the  neck,  the  pectoral  muscles  removea  and  re- 
placed by  cotton,  and  the  incision  sewed  up.  The  throat,  neck 
and  orbits  are  also  filled  with  cotton.  The  specimen  should  then 
be  suitably  arranged,  encircled  by  a  slip  of  paper,  and  placed  on 
a  bed  of  cotton.  Before  this,  the  flesh  of  the  wings  should  be 
laid  open  and  arsenic  applied  in  the  usual  manner. 

For  mounting,  it  only  needs  to  run  one  wii-e  through  the  foot, 
tarsus,  and  so  on  through  the  neck  to  the  forehead,  and  another 
wire  through  the  other  foot  to  any  point  in  the  back  or  breast 
where  the  end  of  the  wire  catches  firmly.  Papers  or  strings  for 
keeping  the  feathers  in  place  should  remam  long.  Some  shrinking 
about  the  head  and  neck  will  eyentually  foUow  in  the  case  of 
many  birds,  particularly  those  of  the  smallest  size  or  of  scanty,  or 
close,  plumage ;  but  in  other  instances  no  shrinldngwhatever  can 
be  noticed  after  more  than  a  year  of  drying.  The  cabinet  in 
which  they  have  been  set  up  is  made  insect-proof  by  means  of 
pasted  cloth  and  paper,  putty  and  paint,  fifteen  inches  passage 
way  being  left  in  front  of  the  shelves  and  the  only  access  being 
through  a  tight  door  at  one  end,  fastened  by  a  screw. 

Travelers,  who  desire  to  collect  a  larse  number  of  birds  for 
comparison,  will  find  this  method  one  of  great  advantase;  and 
the  specimens  will  be  better  for  study  than  skins,  inasmuch  as  the 
proportions  will  be  better  preserved  Small  mammals  can  be 
Kept  some  days  for  skinning  by  a  similar  process,  and  an  opening 
into  the  brain  may  be  made  through  the  roof  of  the  mouth,  if 
preferred  A  Fox  Squirrel,  so  treated,  was  in  good  condition  for 
skinning  after  four  day's  preservation,  in  very  warm  weather. 
Iowa  College,  July,  1870. 

This  with  all  similar  methods  of  preparing  permanent  specimens, 
without  skinning,  has  been  found  to  be  of  comparatively  little 
use  in  the  damper  air  of  the  Eastern  States,  especially  near  the 
coast,  where  all  dried  preparations  are  so  liable  to  mould  and  de^ 
cay. — ^Eds. 

8.  A  Synopsis  oftJie  Family  Uht<midcB;  by  Isaac  Lka,  LL.D., 
Vice-Pres.  Amer.  FhiL  Soc.,  Ao,  4th  ed,  very  greatly  enlarged 
and  improved  1 84  pp.  4to.  Philadelphia,  18V0.  (Henry  C.  Lea). 
—Dr.  Lea  has  given  further  completeness  to  his  labors  on  the 
UnionidflB  by  preparing  and  publisning  this  fourth  edition  of  his 
Synopsis.  During  the  eighteen  years  tnat  have  elapsed  since  Uie 
issue  of  the  preceding  edition,  tne  number  of  known  species  has 
much  increased,  and  various  corrections  of  former  determinations 
have  been  made.  The  subject  of  the  arrangement  of  the  species 
in  genera  is  discussed  in  the  earlier  part  of  the  volume,  and  then 
tables  are  given,  with  very  full  synonymy  and  numerous  annota- 
tions. The  table  of  geographical  distnbution,  which  next  follows, 
is  very  much  enlarged.  The  volume  closes  with  an  Index  of  all 
the  names  of  species  and  a  statement  of  the  place  of  publication 
of  each,  and  finally  a  long  Bibliography. 
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4.  Commenaaliam  among  Animals. — Van  Bbnedbn,  at  the 
meeting  of  the  Royal  Academy  of  Belgium,  on  the  fifth  of  March 
last,  continued  his  observations  on  commensalism,  or  the  living 
together  of  different  species  of  animals.  He  first  cited  the  follow- 
ing facts  which  he  had  received  from  Mr.  AL  Agassiz.  A  species 
of  L^idonotus^  of  California,  is  always  found  attached  on  an 
Aateracanthion  {A,  ochraceua  Brandt)  near  its  mouth,  on  differ- 
ent parts  of  the  ambulacral  rays,  sometimes  five  of  them  on  a  sin- 
gle mdividual.  A  small  fish  of  the  genus  Clupea  is  often  found 
lodged  in  the  folds  of  the  fringes  of  a  species  of  Pelagia  {Dacty- 
lometra  quinquecirra  AL  Ag.)  A  species  of  Hin^mea  lives 
within  the  cavity  of  a  Bero§  {Mnemiopsis  Leydii)  of  Buzzard's 
Bay,  the  BeroS  never  being  seen  without  four  or  five  of  these 
worms,  and  oft«n  harboring  seven  or  eight.  Between  the  buccal 
fringes  of  the  large  Medusa  Cyanea  arctica  (as  stated  in  the  Sea- 
side Studies^,  a  species  sometimes  1^  feet  in  diameter,  there 
lives  an  Actmia  {Biccidium  of  L.  Ag.);  three  to  five*  of  these 
Actiniae  reside  commonly  on  each  Cyanea.  In  an  Aurelia  of  our 
coasts,  a  large  number  of  Crustacea  of  the  family  Hyperina  are 
often  harbored.  Another  interesting  fact  is  the  commensalism  of 
the  young  Comatulse  on  the  adult.  The  young  of  the  species  of 
the  coast  of  South  Carolina  attaches  itself  to  the  basal  cirri,  and 
they  live  like  a  small  colony  of  young  PentacrinL  A  species  of 
Planaria,  the  P.  angulata  Mflller,  lives  always  in  free  "  commen- 
sal '*  on  the  under  surface  of  the  American  limulus,  near  the  base 
of  the  tail 

Van  Beneden  next  speaks  of  the  relation  of  the  siliceous  Hyalo- 
nema  to  the  associated  polyps  (a  species  of  Polythoa\  and  makes  it 
as  a  case  of  commensalism  of  polvps  on  a  sponge.  He  adds  the 
fact  that  Mr.  Oscar  Schmidt  has  found  in  the  Adriatic  a  Polythoa 
living  on  a  species  of  sponge  of  the  genus  Axinella.  He  closes 
with  repeating  an  opinion  he  had  before  expressed  (in  the  Zool 
MidiccUe^  published  long  since  by  him  in  connection  with  P,  Qer- 
vais)  that  sponges  are  only  polyps  of  extreme  simplicity,  in  which 
the  active  part  is  reduced  to  a  membranous  tube  without  tentacles 
about  the  orifice. — IjInstitiU^  July  20. 

IV.   ASTBONOMY. 

1.  Discovery  of  a  new  Asteroid^  the  llUA/  by  Dr.  C.  H,  F. 
Peters.  From  a  communication  by  the  author  to  one  of  the 
editors,  dated,  Litchfield  Observatory  of  Hamilton  College,  Clin- 
ton, N.  Y.,  Aug.  16,  1870. — ^I  take  pleasure  in  forwarding  the  first 
observation  made  upon  an  asteroid,  the  111th  of  the  group,  dis- 
covered here  night  before  last,  viz : 

1870.  Aug.  14.112  38  31  H.0.m.t|A.R.=2l  25  20-21|DecL3=-i8  10  '6'4|]0Goinp. 
"      15.|  9    6  40    "      "     I  2124  32-88|  -13 12  29-6|  5     " 

The  planet  was  of  about  11^  magnitude. 
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V.   MISCELLANEOUS  SCIENTIFIC   INTELLIGENCE. 

1.  Nineteenth  Meeting  of  the  American  Association  for  the 
Advancement  of  Science^  held  in  Troy^  New  York^  August  17-25, 
1870. — The  meeting  of  the  American  Association  which  has  just 
closed  at  Troy,  was,  in  point  of  interest  and  value,  one  of  the  best 
in  its  history.  Owing  to  the  continued  illness  of  President  Wil- 
liam Chauvenet  of  St,  Louis,  the  duties  of  President  were  per- 
formed by  the  Vice  President,  Dr.  T.  Sterry  Hunt,  of  Montreal 
And  in  the  absence  of  Professor  C.  F.  Hartt  of  Ithaca,  the  Gene- 
ral Secretary,  now  in  Brazil,  Professor  F.  W.  Putnam  of  Salem 
was  elected  to  that  office  for  the  session.  The  attendance  at  the 
meeting  was  good,  the  names  enrolled  upon  the  Treasurer's  book 
at  the  close  of  the  session  being  about  two  hundred.    The  titles  of 

Sapera  entered  with  the  Permanent  Secretary  numbered  one  bun- 
red  and  forty-three.  And,  though  there  was  no  one  subject  of 
great  general  interest  under  discussion,  as  at  Chicago  and  Salem, 
yet  the  absolute  value  of  the  i)apers  read  at  Troy  was  quite  equal 
to  that  of  those  presented  at  either  of  the  meetings  mentioned. 

Of  the  papers  read  in  General  session,  that  by  Lieut.  C.  K  Dut- 
ton,  XJ.  S.  A.,  upon  the  Chemistry  of  the  Bessemer  Process,  de- 
serves particular  mention.  It  was  an  admirable  analysis  of  the 
process  itself,  and  also  of  the  successive  stages  which  are  noticed 
m  the  conversion.  An  abstract  of  the  paper,  by  Professor  Barker, 
is  deferred  to  our  next  number. 

The  address  of  CoL  J.  W.  Foster,  the  retiring  President,  was 
delivered  on  Thursday  evening  in  the  First  Presbyterian  church. 
It  was  upon  **  The  Latest  Investigations  in  Geology  and  Archie- 
ology,  with  special  reference  to  the  condition  of  Pre-historic  man." 

Among  the  various  objects  of  interest  in  and  about  Trov,  none 
attracted  more  attention  than  the  various  Iron-works,  llie  pro- 
prietors of  the  Burden,  the  Albany,  and  the  Rensselaer  Iron-works, 
and  of  the  Bessemer  Steel-works  provided  special  facilities  for 
their  inspection.  Mr.  A.  L.  HoUey,  to  whose  mechanical  skill  the 
wonderful  machinery  of  the  latter  establishment  is  due,  was  par- 
ticularly attentive  and  courteous.  The  XJ.^S.  Arsenal  at  Water- 
vliet,  the  Rensselaer  Institute  at  Troy,  and  many  other  places  of 
interest  received  also  their  share  of  attention. 

Two  excursions  were  made  from  Troy ;  one  to  Albany  bjr  invi- 
tation of  the  Albany  Institute,  the  other  to  Saratoga  by  invita- 
tion of  the  citizens  of  Troy.  The  time  in  Albany  was  divided 
between  the  Dudley  Observatory  and  the  Geological  HalL  A 
sumptuous  entertainment  at  the  State  Library  closed  the  day's 
festivities.  The  Saratoga  excursion  occupied  an  entire  day,  dinner 
bein^  served  at  Congress  Hall  at  4  p.  m.  The  Association  was  the 
redpient  also  of  various  private  hospitalities. 

The  Association  voted  to  hold  its  next  meeting  in  Indianapolis, 
Indiana, — in  accordance  with  an  invitation  from  that  city — on  the 
17th  of  August,  1871.  A  committee  was  also  appointed  to  arrange 
for  the  following  meeting  in  San  Francisco  in  1872,  upon  in  vita- 
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tion  of  the  California  Academy  of  Natural  Sciences.  The  follow- 
ing officers  were  elected  for  the  next  meeting : 

I^resident,  Prof  Asa  Gray,  of  Cambridge ;  Vice-President,  Prof. 
George  F.  Barker,  of  New  Haven ;  General  Secretary,  Prof  F.  W. 
Putnam  of  Salem ;  Treasurer,  Mr.  Wm.  S.  Vaux,  of  Philadelphia. 

The  following  is  a  list  of  the  papers  presented : 

1.  In  General  Session. 

1.  On  the  Chemistry  of  the  Bessemer  Prooess ;  Olarenob  E.  Dutton. 

2.  Mrs.  Willard^s  Theory  of  CirculAiioa  by  Bespiration :  Mrs.  A.  L.  Phblps. 
(Read  by  J.  G.  Morris.) 

3.  Last  Winter's  occupation  of  Moosilauke  Mountain  in  New  Hampshire; 
J.  H.  Huntington. 

2.  In  SscrnoN  A. 
MathenuUicSy  Physics^  and  Chemistry, 

1.  Some  new  applications  of  the  Graphical  Method ;  Bdwabd  0.  Piokerino. 

2.  On  Dispersion  and  the  possibility  of  attaining  perfect  Achromatism ;  Edward 

C.  PiCKBRINO. 

3.  An  Examination  of  the  Doctrine  of  Atomicities ;  F.  W.  Clarke. 
4  The  Isothermals  of  the  Lake  Region ;  A.  Winohell. 

6.  A  Description  of  a  new  apparatus  for  illustrating  the  Precession  of  the 
Equinoxes;  Ja&  Bushes. 

6.  The  Magnetic  Wells  of  Michigan ;  A.  Winohell. 

7.  To  whom  is  due  the  credit  of  the  most  Important  application  of  Steam  as  a 
Motive  Power ;  Clinton  Rooseyelt. 

8.  On  Methods  of  illuminating  optical  Meteorology,  particularly  the  formation 
of  Halos  and  Corons.  according  to  the  theory  of  Bravais ;  Joseph  Loterinq. 

9.  Researches  in  Electro-Magnetism ;  Alfred  M.  Mater. 

10.  Abstract  of  a  research  on  a  simple  method  of  measuring  Electrical  Conduo- 
tivities  by  means  of  two  equal  and  opposed  Magneto-electric  Currents  or  Waves ; 
Alfred  M.  Mater. 

11.  Unpublished  experiments  of  Prof.  W.  B.  Rogers  on  the  Influence  exerted 
by  Ihe  presence  of  Carbonic  Add  in  gas,  on  its  Illuminating  Power ;  Frbdeuiok 

B.  STDfPSON. 

12.  A  Graphical  Discussion  of  the  various  formul»  proposed  for  the  relation 
between  the  quantity  of  light  produced  by  the  combustion  of  Illuminating  Gas 
and  the  volume  of  gas  consumed ;  Fredbriok  E.  Stimpson. 

13.  Aurora  Borealis;  L.  Bradlbt. 

14.  Cosmogony;  L.  Bradlet. 

15.  The  Northers  of  Texas ;  Solomon  Sia& 

16.  The  Connection  between  Solar  Spots,  Terrestrial  Magnetism,  and  the  .\urora 
Borealis ;  Ellas  Looin& 

17.  A  Theory  of  the  Constitution  of  the  Corona  of  the  Sun ;  Simon  Newoomr. 

18.  On  the  Assumption  that  Matter  is  Impenetrable ;  H.  F.  Waluno. 

19.  Elasticity,  a  mode  of  Motion :  H.  F.  Waluno. 

20.  The  conditions  of  Stable  Equilibrium  in  Atomic  Orbits:  H.  F.  Walling. 

21.  Spectroscopic  examination  of  the  Bessemer  Flame ;  J.  M.  Siluman. 

22.  Description  of  a  new  Meteorograph,  for  the  automatic  registration  of  Mete- 
orological phenomena ;  G.  W.  HOUOH. 

23.  Remarks  on  the  total  fluctuation  of  the  Barometric  Column;  G.  W.  HouoH. 

24.  Relations  existing  between  temperature,  pre-isure,  wind,  and  rain-fall,  as 
indicated  by  automatic  registering  instruments ;  G.  W.  Houoh. 

26.  On  the  rate  of  the  Dudley  Observatory  Sidereal  Clock  for  two  years ;  G.  W. 
Hough. 

26.  On  a  new  form  of  mercurial  horizon,  by  which  vibrations  are  extinguished ; 
J.  H.  Lane.    (Presented  by  J.  E.  Hilgard). 

27.  Description  of  Batchelder's  Arctic  Tide-Gauge :  J.  E.  Hilgard. 

28.  On  proposed  improvements  for  Common  Roads ;  S.  D.  Tillman. 

29.  On  a  new  Musical  Notation ;  S.  D.  Tillman. 
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30.  On  improyemeQto  in  InUud  Nftvigation ;  S.  D.  TnucAV. 

31.  On  iiuproved  faciiities  for  transmitting  heat  fhxn  one  fluid  to  another ;  S.  D. 

TiLLHAN. 

32.  Gaseous  and  Liquid  Rings ;  B.  N.  HoBsroBD. 

33   On  the  possibility  of  a  Limit  of  Visible  Magnitude ;  F.  A.  P.  Bibnabd. 

34.  On  the  brightness  appearing  on  the  limb  of  the  Moon's  Image,  ia  Photo- 
graphs  of  Solar  Eclipses ;  P.  A.  P.  Barnard. 

36.  On  the  testimony  of  ancient  Eclipses  in  regard  to  the  Uniformity  of  tiie 
Earth's  Rotation ;  J.  N.  Stookwbll. 

36.  The  Discovery  of  the  force  which  originally  imparted  all  their  motiona  to  all 
the  stars ;  Jaoob  Ehkib. 

37.  On  the  Survey  of  the  Northern  Heavens  instituted  by  the  German  Astro- 
nomical Society ;  T.  H.  Saffobd. 

38.  On  a  New  Method  of  determining  the  Level-error  of  the  axis  of  a  Traoat 
instrument;  0.  A.  YouNO. 

39.  On  Solar  Prominences  and  Spots  observed 'with  the  Spectroscope  during  the 
past  year ;  0.  A.  Youno. 

40.  Some  account  of  progress  in  tlie  investigation  of  the  laws  of  Winds ;  J.  H. 

COPPIN. 

41.  Abstract  of  a  paper  on  Temperature  for  twenty-five  years;  0.  W.  Mobbi& 

42.  The  solvent  power  of  anhydrous  liquid  ammonia;  Charlbs  A.  Sbblt. 
(Read  by  Prof.  Walling). 

43.  The  inadequacy  of  the  prevailing  Baconian  system  by  InduotioD,  and  the 
fulla<7  of  the  too  ezdusive  use  of  the  a  priori  method ;  F.  L.  Capbk. 

44.  On  an  improved  form  of  Solar  Eyepiece ;  S.  P.  Lakglbt. 

45.  The  imiversal  method  of  approzimatioQ ;  Thomas  Hill. 

46.  Note  on  the  involute  of  a  drde,  and  the  ansdyuoal  value  of  the  hyperbolic 
base ;  Thomas  Hill. 

47.  Molecular  dassiflcation ;  Gbo.  F.  Babkbr. 

48.  On  the  latest  discoveries  in  regard  to  the  manufacture  of  Ice  by  mechaoioal 
power ;  P.  H.  Vaxdeb  Wetdb. 

49.  Further  improvements  in  the  method  of  transmittmg,  audibly,  musical  melo- 
dies by  the  electric  telegraph  wire ;  P.  H.  Yaitder  Wbtdb. 

The  following  papers  were  read  only  by  title : — 

60.  On  Elasticity  as  a  Feature  in  Physics;  S.  J.  Wallaob. 
51.  On  the  Advancement  of  the  Sdences;  Cuntok  Boosbvbi/t. 

62.  On  the  present  aspects  of  Organic  Physics;  Hburt  Habtbhornx. 

63.  Suggestions  for  systematizing  chemical  nomenclature ;  A.  M.  EDWAXna 

64.  The  relation  between  the  bands  of  the  Spectroscope  and  the  musical  scale; 
P.  H.  Vandbb  Wbtdb. 

56.  The  most  important  result  obtained  from  the  reseaivbee  during  some  years 
of  travel  consists  in  the  establishment  of  the  following  ^eory : 

The  law  of  gravity  is  not  the  motive  power  of  cosmk}  bodies;  A.  Habxl. 
66.  Gravitr  is  not  the  principal  motive  power  on  terrestrial  bodies,  but  acting 
very  secondary ;  A.  Habbl. 

57.  Past  and  Future  Astronomy;  Joseph  Trbat. 

68.  Demonstration  of  the  Perturbation  of  Uranus,  which  discovered  Neptane ; 
JosBPH  Trbat. 

69.  Universal  Mathematical  Demonntration  of  the  impossibility'  of  Gravity,  or 
the  Attraction  of  Matter  as  Matter ;  Josbph  Treat. 

60.  Corollaries  of  the  Milky  Way ;  Joseph  Treat. 

61.  An  account  of  an  Experiment  upon  the  Physiological  Actkn  of  Nitrons 
Oxyd;  F.  W.  Olarkb. 

62.  Acid  reaction  of  Tribasic  Phosphate  of  lame ;  B.  K.  Hobbiord. 

3.  In  Section  B. 
Geology  and  NaJbiral  JERstory. 

1.  On  the  Early  Stages  of  Disdna;  B.  8.  Mobsb. 

2.  On  the  Organization  of  ^e  Braohiopoda,  (Disdna  and  Lingula);  S.  S. 
Mobsb. 
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3.  The  Braohiopoda  m  a  Subdivision  of  the  Anniikta ;  E.  S.  Morse. 

4.  Observations  on  Seedling  Compass-plants  (Silphium  laoiniatuoi) ;  Tnoa  Hill. 
6.  The  Development  of  Limulus  PolyphemuH ;  A.  S.  Paokabd,  Jr. 

6.  The  Terrace  Epoch  in  Michigan ;  A.  Winohbll. 

7.  Oil  the  Relation  of  Organic  Life  of  the  several  continents  to  the  Physical 
Character  of  those  laud  areas ;  N.  S.  Shaler. 

8.  On  the  character  of  the  observations  neoess^^ry  to  interpret  the  record  of  the 
last  Glacial  Period ;  N.  8.  Shalbb. 

9.  Oti  a  method  of  collecting  certain  Geological  facts  adopted  by  the  Social 
Science  Association;  N.  S.  Shalbr. 

10.  Notes  on  the  Condors  and  Humming  birds  of  the  Equatorial  Andes;  Jambs 
Oeton. 

11.  On  the  evidence  of  a  Gladal  Epoch  at  the  Equator;  Jambs  Orton. 

12.  On  the  Homdogies  of  the  Cranial  Bones  of  the  Primary  Types  of  the  Rep- 
tQes ;  Edward  D.  Cope. 

13.  On  the  Reptiles  of  tiie  Triasdc  formations  of  the  United  States;  Edwabd 
D.  Cope. 

14.  On  the  existence  of  two  classes  of  male  flowers  m  the  common  sweet  chest- 
nut, and  the  influence  of  nutrition  on  tlie  sex;  Thomas  Meehak. 

15.  On  objections  to  Darwin's  theory  of  Fertilization  through  Insect  agency; 
Thomas  Mbbhan. 

16.  On  the  law  of  fasdated  branches,  and  its  relation  to  the  law  of  sex  in 
plants;  Thomas  Meehan. 

17.  The  supposed  Elevation  and  Depression  of  the  ContineDt  during  the  Glacial 
period;  J.  B.  Pebbt. 

18.  The  Boulder-Trains  of  Berkshire  county,  Mass. ;  J.  B.  Pbbry. 

19.  The  Development  and  Old  Age  of  the  Tetrabmnchiate  Cephalopods;  Al- 
pHBus  Hyatt. 

20.  The  Genetic  Relation^  of  the  Arietes;  Alpheus  Htatt. 

21.  The  porphyries  of  Marblehead;  Alpheus  Htatt. 

22.  Geology  and  Topography  of  the  White  Mountains,  N.  H. :  C.  H.  Hitchcock. 

23.  Description  of  a  new  Trilobite  from  New  Jersey;  C.  H.  Hitohoock 

24.  The  Distribution  of  Maritime  Plants  a  proof  of  Oceanic  Submergence  in  the 
Champlaii)  Period;  C.  H.  HrroHCOOK. 

25.  On  the  young  of  Orthagoriscus;  P.  W.  Putnam. 

26.  0^  the  salt  deposits  of  Western  Ontario;  T.  Stbbry  Hunt. 

27.  On  Iron  Sand  Ores ;  T.  Stbrrt  Hunt. 

28.  Notes  on  Granitic  Rocks;  T.  Steret  Hunt. 

29.  On  the  oil-b('aring  limestone  of  Clucago;  T.  Stebby  Hunt. 

30.  On  the  Lignites  of  West  America,  their  Distribution  and  Economic  Value ; 
J.  S  Newberry. 

31.  On  the  Sequence  and  Chronology  of  the  Drift  Phenomena  in  the  Missisappi 
VaUey;  J.  S.  Newberry. 

32.  On  some  new  relics  and  traces  of  the  Mound  Builders;  J.  S.  Newbebby. 

33.  On  the  relation  of  the  Onedonta  Sandstone  and  Montrose  Sandstone  of  Yan- 
uxem  to  the  Hamilton  and  Chemung  Groups;  James  Hall. 

34.  Notice  of  the  Fossil  Plants  of  the  Hamilton  and  Chemung  Groups,  with 
reference  to  the  source  of  the  sediments  of  these  Formations ;  Jambs  Hall. 

35.  Note  upon  the  Rocks  of  the  Huronian  System  on  the  Peninsula  of  Michi- 
gan ;  Jambs  Hall. 

36.  Kemarks  on  the  occurrence  of  the  g^nus  Dithyrocaria  in  the  Hamilton  and 
Chemimg  Rocks  of  New  York ;  Jambs  Hall. 

37.  On  the  Geology  of  the  Delta,  and  the  Mudliimps  of  the  Passes  of  the  Miss- 
issippi L  Geologi^  Structure  of  the  upper  Delta  plain,  n.  The  lower  Delta, 
and  the  Mudlumps  of  the  Passes;  £.  W.  Hilgabd.    (Read  by  J.  R.  Walker.) 

38.  Apatite  Deposits  of  Lamark  Co.,  Ontario,  Canada;  Gobdon  BiA)OMB. 

39.  On  some  new  generic  forms  of  Brachiopoda,  with  remarks  on  some  pohits 
of  their  structure ;  W.  H.  Dall. 

40.  On  the  order  Docoglosea  of  Troec^I ;  W.  H.  Dall. 

41.  On  the  nature  of  the  foliage  of  Pines,  etc. ;  a  criticism;  A.  Gbay. 

42.  On  the  local  Glaciers  of  the  White  Mountains ;  L.  Aqassiz.  (Read  by  J.  B. 
Perry.) 
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43.  Notes  on  <he  relative  age  of  the  Niagara  and  ao-called  Lower  HeldCTbeig 
series ;  A.  H.  Wobthen. 

44.  Probable  Origin  of  the  South  Carolina  Phosphates;  W.  0.  Kkbb. 

45.  On  some  points  in  the  Stratigraphy  and  surfaoe  Qeology  ot  North  Carcdina ; 
W.  C.  Kerb. 

46.  A  point  in  Djnamical  QwAofj\  W.  0.  Kebb. 

47.  Laya-ducu  in  Washington  Territory;  B.  W.  Ratmokd. 

48.  The  Salt  Marsh  at  Silver  Peak,  Southern  Nevada;  R.  W.  Ratmoitd. 

49.  On  Abnormal  Yertebrse  of  the  Elephuit;  Sanbobn  Tbnnbt. 

60.  On  a  new  locality  of  Kyanite ;  Sanbobn  Tbnkbt. 

61.  On  some  points  in  the  Geology  of  Eastern  Mass.;  Sanbobn  Thnnbt. 

62.  Brief  Notices  on  Hoosac  Mountain  and  Tunnel;  James  Htatt. 

63.  On  the  Relations  of  the  orders  of  Mammals;  Thxodobe  Gill. 

64.  On  the  subdivisions  of  the  Branch  MoUusca;  Thbodobb  Gill. 

The  following  papers  were  read  by  title  only : — 

65.  Sketch  of  the  researches  made  during  seven  years'  travel  through  the  five 
states  of  Central  Americ:^,  part  of  New  Granada,  the  Republic  of  Ecuador  and 
Peru ;  then  on  the  Island  of  Ghincha,  and  the  Galapagos  Archipelago ;  M.  A. 
Habel. 

66.  On  the  occurrence  of  native  iron,  not  meteoric;  H.  B.  Nason. 

57.  On  the  composition  of  the  American  Opium ;  H.  B.  Nasov. 

58.  On  parallel  stri®  m  quartz  crystals ;  L.  Fbuohtwanqeb. 

59.  Geol' >gy  of  the  Cotton  woods  Mining  District  of  the  Utah  Territory ;  P.  A 
Chadboubne. 

60.  The  Geysers  of  Iceland  and  California;  P.  A.  Chadboubne. 

61.  Guano,  the  origin  of  the  Apatite  of  Rideau,  Canada;  E.  N.  Hobsfobd. 

62.  Fre-h  Water  Pond  Overlying  a  Salt  Water  Pond  in  Middlesex  county, 

K  N.  HOBSFORD. 

63.  Evidence  of  glaci>U  action  in  the  placer  and  gulch  gold  of  California ;  K  N. 
Hobsfobd. 

64.  Lakes  and  Lake  Regions ;  S.  J.  Wallace. 

4.  In  Sub-Sbction  C. 

Microscopy, 

1.  Microscopic  Circuits  of  Generation:  a.  Of  Zymotic  Fungus;  6.  Of  the  (nom- 
inal) Genera  of  Fresh  Water  Algse,  as  development-phases  of  BryaocsBf  etc. ;  c.  Of 
Vorticello-Planarians;  T.  C.  Hiloabd.    (Read  by  J.  E.  Hilgard.) 

2.  On  a  new  form  of  Binocular  Microscope ;  F.  A.  P.  Babnabd. 

3.  On  the  Structure  of  the  scale  of  Podura  plumbea;  F.  A.  P.  Babkabd. 

4.  On  the  Illumination  of  Binocular  Microscopes,  widi  proposal  for  a  new  Di*- 
phragm-5)top ;  R.  H.  Ward. 

5.  Remarks  on  Stereoscopic  vision  as  applied  to  the  Microscope ;  R.  EL  Wajux 
6   Some  remarks  on  Nobert's  lines,  with  particular  reference  to  Dr.  Woodward's 

photographs;  R.  H.  Wabd. 

7.  Some  remarks  on  a  Pocket  Microscope  and  Telescope  combined;  JoeiAH 

CUBTIS. 

8.  Some  remarks  on  two  deposits  of  Diatomaceous  earths  recently  thrown  up 
by  the  Sea;  Edwin  Bioknbll. 

9.  Remarks  on  a  method  of  producing  very  low  power  with  Ihe  microseope, 
with  demonstration ;  Edwin  Bioknell. 

5.  In  Sub-Section  E. 
Archaeology  and  Ethnology. 

1.  Observations  of  the  stone  used  by  the  Indians  within  the  limits  of  Massa- 
chusetts in  the  manufacture  of  their  implements,  with  some  remarics  on  the  pro- 
cess of  manufacture ;  James  J.  H.  Gbegobt. 

2.  The  Substitution  of  General  Laws  for  Special  Legislation;  Geo.  A.  Lbakin. 

3.  On  some  peculiarities  of  the  Grammar  of  the  Eskimo  Dialects;  W.  H.  Dail. 
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4.  Sign-Language  as  illustrative  of  the  Laws  of  Written  and  Yocal  Language ; 
G.  W.  Samson. 

6.  Remarks  on  customs  of  the  Waribiara  and  Blanco  Indians  in  the  vicinity  of 
Chiriqui  Lagoon,  Central  America;  J.  A.  MoNibl. 

2.  On  "  Pure  Scarlet;'*'^  in  a  letter  from  Wm.  IL  Dall  (letter  to 
Pro£  Silliman  dated  Smithsonian  Inst.,  Washington,  D.  C,  May 
8,  1870.) — In  1863,  being  engaged  in  making  anatomical  drawings 
from  living  microscopic  animals,  I  purchased  among  other  colors, 
a  cake  made  by  Windsor  and  Newton  of  England  stamped  with 
the  name  "  Pure  Scarlet"  It  was  of  the  finest  and  most  vivid 
scarlet,  far  superior  in  brilliancy  to  anv  of  the  various  shades  of 
Vermillion,  &c.,  which  are  commonly  sold  in  the  shops. 

I  had,  however,  no  occasion  to  use  the  color  until  1865,  when  I 
colored  a  lithographic  plate  (on  ordinary  paper  used  for  such  pur- 
poses) of  Pentatemon  Cerroseneis  Kellogg,  putting  in  the  darker 
shades  with  carmine. 

In  the  summer  of  1865,  at  Sitka,  Alaska  Terr.,  I  made  some 
drawings  of  Moha  and  other  nudibranchiate  mollusks,  which  had 
streaks  of  bright  scarlet  upon  various  parts  of  their  bodies  and 
tentaculsB.  These  were  sent  by  mail  to  the  Smithsonian  Institution 
where  they  remained  until  my  return  from  the  north  in  1868. 

In  1866  being  in  San  Francisco  I  chanced  to  examine  the  plate 
which  I  had  colored  the  winter  before,  and  noticed  a  fading  of  the 
colors,  but  not  considering  the  matter  particularly,  I  recolored  the 
plate  with  the  same  pigment  and  left  it  in  perfect  condition. 

Having  returned  to  Washington,  during  the  spring  of  1869,  I 
used  the  cake  of  ^^  pure  scarlet^'  again,  for  coloring  a  map  (upon 
stout,  thin,  map-paper)  to  show  the  distribution  of  the  Indian 
tribes.  The  color  was  laid  on  thickly  and  unifoimly  over  the  en- 
tire surface  of  two  or  three  of  the  divisions  of  the  map.  As  this 
lay  on  my  table  for  convenient  reference  I  noticed  that  it  began 
to  fade  rapidly,  and  in  the  course  of  a  few  months  the  paper  was 
left  perfectly  white  and  clean,  not  a  trace  of  the  heavy,  opaque 
pigment  remaining.  This  recalled  the  fading  of  the  colored  plate 
to  my  mind,  and  upon  examination  I  found  that  the  latter  was  in 
the  same  condition,  not  a  particle  of  scarlet  remaining,  and  the 
only  color  upon  the  plate  being  the  streaks  of  carmine  which  had 
been  put  on  by  way  of  shading  and  which  were  unchanged. 

I  had  believed  the  drawing  of  the  nudibranchs  to  have  been  lost, 
as  I  could  find  it  nowhere,  but  now  a  more  careful  search  revealed 
the  fact  that  the  scarlet  having  entirely  faded  away,  I  had  failed 
to  recognize  it.  It  was  made  on  the  best  rough  drawing  paper  of 
English  make. 

An  examination  of  the  substance  showed  it  to  be  soluble  in 
iodid  of  ammonium  and  hvposulph.  soda,  and  with  nitrate  of  sil- 
ver in  solution  it  gave  iodid  of  silver,  hence  I  suppose  it  to  con- 
sist wholly  or  in  part  of  iodid  of  mercury.  I  enclose  a  fraement 
for  examination.  The  supposition  that  it  was  acted  upon  by  liypo- 
sulpli.  soda  in  the  paper  is  doubtful,  in  view  of  the  fact  that  three 
kinds  of  paper,  one  of  them  made  expressly  for  water  color  draw- 
ings, gave  tne  same  results. 
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As  the  pigment  is  an  exceedingly  attractive  one,  liable  to  be 
used  by  naturalists  in  valuable  &awings,  it  may  not  be  out  of 
place  to  call  their  attention  to  its  ephemeral  properties.* 

3.  Professor  Marshes  Rocky  Mountain  Mxy)eaiHon,  Discovery 
of  the  Juauvaises  Terres  formation  in  Colorado, — ^Pro£  Marsh  and 
party  left  New  Haven  on  the  30th  of  June  for  Omaha  and  beyond. 
By  a  letter  from  him  dated  Cheyenne,  August  4th,  we  learn  that 
he  had  already  made  a  successful  expedition  to  the  Loup  Fork, 
and  obtained  lar^e  collections  of  specimens,  but  thej  were  pre- 
vented by  the  Indians  from  going  on  to  the  Niobrara  region.  The 
following  is  the  copy  of  a  later  letter  to  J.  D.  Dana,  dated  Pine 
Bluffs,  Wyoming  Territory,  Aug.  12th: 

The  Scientific  Expedition  from  Yale  College,  while  recently 
examining  the  geology  of  Northern  Colorado,  discovered  an 
extensive  outcrop  of  the  true  Mauvaises  Terres  or  White  River 
formation,  at  a  point  nearly  200  miles  south  of  the  region  where 
it  had  been  previously  identified.  The  locality  first  detected, 
which  contained  ail  of  the  characteristic  fossils  of  this  deposit,  was 
on  one  of  the  branches  of  the  Little  Crow  Creek,  about  five  miles 
south  of  the  Wyoming  State  line.  The  strata  there  observed 
consisted  of  at  least  150  feet  of  light-colored  clays,  overlaid  by 
sandstones  and  conglomerates  about  200  feet  in  thickness.  The 
lower  portions  of  the  clays  are  the  true  Titanotherium  beds,  con- 
taining manv  remains  of  Titanotherium  JProutii.  Above  these 
are  similar  clay  deposits  corresponding  closely  in  age  with  those 
on  the  White  Kiver,  and  marked  by  abundant  remains  of  Oreodon 
Culbertsoni^  Testudo  Nebrascensis^  Helix  Leidyana^  and  many 
other  fossils,  which  characterize  that  horizon.  Associated  with 
these  were  found  several  new  species  of  mammals  and  birds. 

This  interesting  series  of  fresh-water  Tertiary  strata  lies  almost 
horizontal,  dipping  apparently,  but  very  slightly,  toward  the  north- 
east. It  probably  forms  the  southwest  Dorder  of  the  great  Miocene 
lake-basin,  east  of  the  Rocky  Mountains,  which  is  so  remarkable 
for  its  extinct  animal  remains.  Our  party  traced  the  same  forma- 
tion, with  its  more  common  fossils,  about  thirty  miles  northeast 
into  Wyoming,  along  the  hills  known  as  Chalk  BluSs,  and  still 
fftrther  north  in  the  Pine  Bluff  range.  We  hope  soon  to  examine 
it  at  other  points. 

4.  Glaciers  of  Scotland — Prof  Croll,  in  a  memoir  on  the 
"  BouldeiMslay  of  Caithness,^'  in  the  Geological  Magazine  for 
June,  1870,  takes  the  ground  that  the  boulder  diift  of  Scotland  is 
due  mainly  to  glaciers,  and  not  to  ioeberffs,  and  points  out  the 
direction  of  the  movement  of  the  ereat  glacier,  not  only  over 
Scotland,  but  over  the  seas  north  ana  east,  illustrating  the  subject 
by  a  map.  He  finds  an  argument  for  its  glacier  origin  in  the 
fact  that  the  drift  is  ttnstrat\fiedy  remarking  that  depositions  from 
icebergs  would  necessarily  be  more  or  less  stratified  by  the  waters  in 
which  they  falL    The  argument  is  one  that  cannot  be  set  aside, 

*  The  color  sent  by  Mr.  Dall  it),  us  he  supposes,  mercwric  iodidj  well  known 
to  c!  emists  as  very  volatile,  changing  at  a  gentle  heat  fVoin  scarlet  to  ne^iriy  white, 
and  the  latter  by  friction  returning  again  to  scarlet. — s. 
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and  holds  as  well  for  New  England  and  the  rest  of  North  America 
as  for  Scotland.  Prof  Dana,  in  his  recent  paper  on  New  Haven 
Geology,  draws  the  same  distinction  between  the  drift  that  was 
deposited  by  glaciers  over  the  land,  and  by  glaciers  over  waters. 

br.  Robert  Brown  also  presents  the  glacier  theorjr  for  Scotland 
in  an  article  read  before  the  Geological  Society  of  London  on 
Jime  22,  entitled — On  the  Physics  of  Arctic  loe  as  explanatory  of 
the  Glacial  remains  in  Scotland. 

6.  Meteoric  Irons. — ^The  Museum  of  Vienna  has  recently  re- 
ceived an  iron  meteorite  from  Atacama  having  a  maximum  diam- 
eter of  a  third  of  a  meter,  and  weighing  51  kilograms.  The  iron 
contains  about  6  per  cent  of  nickeL 

Tschermak  has  studied  the  meteoric  iron  which  fell  at  Lodran, 
near  Moultan  in  India,  on  the  1st  of  October,  1868,  a  fragment  of 
which  was  sent  to  the  Vjenna  museum  by  Mr.  Oldham.  Niccoli- 
ferous  iron  constitutes  about  82  per  cent  of  it ;  and  but  for  the 
iron,  the  meteorite  is  identical  with  terrestrial  chrysolite  rocks. 
It  contains  crystals  of  bronzite  and  bluish-gray  chrysolite,  and  of 
magnetic  pyrites  and  chromic  iron.  The  chrysolite  contains  12 
per  cent  oi  protoxyd  of  iron. — L^InttUuty  July  20. 

6.  FaU  of  a  Meteorite  in  Stewart  Co.^  Oeoraia. — ^Prof  J.  Law- 
BENOE  Smith  states  in  a  letter  to  Prof.  Brush,  dated  Louisville, 
Ey.,  July  18th,  1870,  that  a  meteoric  stone  fell  in  Stewart  county, 
Georgia,  in  October,  1860.  He  adds  that  a  description  of  its  fall 
and  phenomena  by  Prof  Willet,  and  an  analysis  of  it  by  himself^ 
will  oe  sent  for  the  next  number  of  this  Journal. 

7.  Prof  Helmholtz  takes  the  chair  of  Physics  at  Berlin  made 
vacant  by  the  death  of  Magnus.  He  will  enter  upon  his  new  du- 
ties in  April  next — Natttrey  July  28. 

Prof  J.  Watson  has  been  awarded,  by  the  Paris  Academy  of 
Sciences,  the  Astronomical  Prize,  Lalajide  foundation,  for  the  dis- 
covery of  eight  new  asteroids  in  one  year. 

8.  On  the  occurrence  of  a  Peat  bed  beneath  depoeite  of  Drift 
in  iSouthtoestem  Ohio, — ^The  author  of  the  article  on  this  subject, 
at  p.  54,  is  Professor  Edwabd  Obton. 

9.  Woodward  on  the  Ma^gneeivm  and  Electric  LigtUe  for 
Photo-micrography. — ^The  illustrations  of  this  article,  on  pageb 
208  and  801,  of  the  last  volume  of  this  Journal,  should  be  trans- 
posed. 

OBrrUABY. 

Jacob  P.  Gibaud,  Jr.,  the  ornithologist,  died  at  Poughkeepsie 
on  Tuesday,  July  19th,  in  the  fifty-ninth  year  of  his  age.  A  par- 
ticulr  friend  of  Audubon,  Bachman  and  Wilson,  and  a  member  of 
the  New  York  Lyceum  of  Natural  History  since  1840,  he  made  his 
favorite  science  of  omitholo^  his  special  study.  In  1841  he 
published  "A  Description  of  Sixteen  New  Species  of  Texas  Birds," 
and  in  1844,  a  more  valuable  work  on  "  The  Birds  of  Long  Island.'' 
His  collection  of  North  American  Birds,  one  of  the  most  complete 
in  the  country  and  containing  many  of  Audubon's  types,  he  pre- 
sented to  Vassar  College.    Li  addition  he  bequeathe!  to  Yassar 
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College  the  Bom  of  thirty  thousand  dollars  to  endow  the  professor- 
ship of  Natural  History,  and  two  thousand  dollars  to  complete  his 
cabinet  of  North  American  Birds. 

Mr.  A.  H.  Hauday,  of  Antrim,  Ireland,  an  entomologist  of  dis- 
tinction died  on  the  Idth  of  July,  near  Lucca,  Italy.  He  gradua- 
ted at  Trinity  College,  Dublin,  in  1822,  at  the  age  of  15,  and  ^Ye 
years  afterwards  as  a  gold  medalist — Nature^  July  21. 

VL   MISCELLANEOUS  BIBLIOGRAPHY. 

1.  The  Andes  and  the  Amazon^  or  across  the  Continent  of 
Sovth  America;  by  Jambs  Orton,  Pro£  Nat  Hist  in  Vassar 
Coll.,  Poughkeepsie.  366  pp.  12mo.  New  York,  1870.  (Harper 
&,  Brothers). — ^Prof  Orton  made  his  journey  through  South  Amer- 
ica in  the  years  1867-68,  under  the  auspices  of  the  Smithsonian  In- 
stitution, with  Messrs.  P.  V.  Myers  and  A.  Bushnell  of  Williams 
College,  and  others.  His  course  from  Paita,  Peru,  was  by  Guaya- 
quil to  Quito,  and  thence  over  the  mountains  to  Napo;  thence 
along  the  Napo  river  to  the  Amazon  and  Para  at  its  mouth.  The 
book  of  travels  which  he  has  given  to  the  public  is  pleasantly 
written,  and  is  full  of  facts  and  animated  descriptions  relating  to 
the  interesting  region  passed  through — ^its  general  features  and 
people,  its  climate  and  resources,  its  mountains  and  volcanoes,  its 
mndscapes  and  tropical  productions.  It  contains  a  map  of  the  part 
of  South  America  from  the  Pacific  to  the  Atlantic  in  the  latitudes 
of  the  Amazon  and  its  tributaries,  which  appears  to  have  been  pre- 
pared with  care,  and  also  several  excellent  woodcuts  of  scenery, 
etc.  The  party  had  not  the  time  or  instruments  for  extended  phys- 
ical investigations.  Some  of  the  observations  of  Prof  Orton  have 
appeared  in  this  Journal  (voL  xlvii).  Specimens  were  collected  in 
zoology  and  botany,  and  some  of  fossils,  and  these  have  been  put 
into  the  hands  of  different  naturalists  for  description*  Among 
the  geological  facts  we  observe  the  discovery  of  tertiary  fossils  at 
Pebas,  on  the  Amazon,  in  long.  72**  W.,  at  a  height  of  346  feet 
above  the  sea ;  the  fossils  have  been  described  by  Mr.  Gabb  in 
the  American  Journal  of  Conchology. 

2.  The  Chemical  History  of  the  Six  Days  of  Creation;  \>j 
John  Phin,  C.K  96  pp.  12mo.  New  York,  1870. — This  work  is 
not,  what  its  title  seems  to  imply,  a  discussion  by  a  chemist  of  the 
chemical  history  of  the  eaith^s  genesis.  It  treats  briefly  of  the 
bearing  of  some  of  the  general  principles  of  science,  chemical, 
physical,  geolo^cal  and  astronomical,  on  the  interpretation  of  the 
first  chapter  of  Genesis.  The  aim  of  the  work  is  good.  The 
views  with  resard  to  the  "  works  "  of  the  successive  days  accord 
in  the  main  with  those  that  have  been  presented  by  Prof  Guyot, 
and  may  be  read  with  profit  There  are  also  ideas  peculiar  to  the 
author  which  we  cannot  commend.  For  example,  he  says  that 
the  "  evening"  of  the  "  second  day"  resulted  "  from  the  cooling  of 
the  ashes  of  the  great  combustion ; "  that  the  *'  evening  "  of  the 
^^  fifth  day  "  resulted  from  the  separation  of  Venus  from  the  sun ; 
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and  the  "  morning  "  from  "  the  restoration  of  the  brilliancy  of  the 
sun ; "  the  "  evening "  of  the  sixth  day  '*  from  the  separation  of 
Mercury  from  the  sun,"  etc.  The  author  by  bringing  more  exact 
science  to  bear  on  the  subject  and  a  wider  philosophy  will  be  en- 
abled to  prune  his  work  of  some  manifest  defects. 

a.  The  American  Chemist:  a  MorUhly  Journal  of  Theoretical^ 
Analytical  and  Technical  Chemistry.  Edited  by  Chas.  F.  Chand- 
LEB,  rn.U.y  and  W.  H.  Chandler.  New  Yort,  1870.  (William 
Baldwin  &  Co.,  434  Broome  St) — The  American  reprint  of  the 
Chemical  News  having  been  given  up,  the  subscription-list  and 
stock  of  that  reprint  have  been  purchased  by  Mr.  Baldwin,  who 
starts  the  American  Chemist  to  take  its  place,  putting  the  editorial 
charge  into  the  hands  of  Prof  Chandler  and  his  brother.  While 
we  regret  that  a  journal  of  the  recognized  ability  of  the  Chemical 
News  cannot  be  continued  in  this  country,  we  believe  that  the 
well-known  scientific  reputation  of  the  editors  of  the  American 
Chemist  b  a  guarantee  that  their  new  enterprise  will  not  be  second 
to  it  in  value.  The  first  two  numbers  have  been  received ;  L  e., 
those  for  July  and  August.  They  contain  82  articles,  of  which  17 
are  taken  from  the  Chemical  News,  and  eight  are  original  For 
the  present,  the  admirable  "Chemical  Notices  from  Foreign 
Sources ''  printed  in  the  Chemical  News,  will  be  retained.  It  is 
announced  that  after  the  close  of  the  current  year,  the  American 
Chemist  will  be  conducted  as  an  entirely  independent  joumaL 
The  subscription  price  is  $5.00. 

4.  On  the  Ou^f  Stream^  and  the  Thermometric  knowledge  of  the 
Atlantic  Ocean  and  a^oining  lands  in  t/ie  year  1870;  by  Dr.  A. 
Pbtermann.  64  pp.  4to,  with  three  large  colored  temperature 
charts.  Gk>tha,  June,  1869.  (Justus  Perthes.  From  Petermann's 
Geogr.  Mittheilungen,  1870,  Heft  6-7.) — Dr.  Petermann  has  here 

E'ven  an  admirable  exposition  of  the  former  and  present  state  of 
lowledge  of  the  temperature  of  the  Atlantic  and  the  Arctic  seas 
and  the  lands  adjoining,  including  the  later  results  of  the  most 
recent  expeditions.  Deep  sea  temperatures,  as  well  as  the  saltness 
of  the  ocean,  and  much  detail  with  regard  to  special  localities, 
come  within  the  wide  range  of  subjects  under  review.  The  first 
two  charts  contain  the  isotherms  for  every  2®  Reaumur  for  the 
region  between  the  meridians  of  75°  W.  and  60°  E.,  north  of  the 

Si^ailel  of  85° ;  the  first,  the  isotherm  for  July  and  the  second  for 
anuary ;  and  the  third  includes  5  charts  of  the  arctic  regions, 
giving  the  isotherms  severally  for  January,  July,  the  winter,  the 
summer,  and  the  isotherms  of  absolute  mmima  for  every  10°  R. 
£ight  pa^es  are  devoted  to  the  instructions  given  to  the  second 
German  North-polar  Expedition,  1869-1870. 

5.  Roasting  of  Gold  and  Silver  OreSy  and  extraction  of  their 
respective  metals  unt?wtU  Quicksilver;  by  6.  Eustbl.  145  j^p. 
12mo.  San  Francisco,  1870.  (Dewey  <fc  Co.) — ^This  little  treatise 
contains  an  introductory  chapter  on  the  classification  of  silver 
ores^  which  is  followed  by  a  chapter  on  roasting^  divided  into 
sections,  treating,  respectively,  of  the  chloridizing  and  the  ozyd- 
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isang  roasting  of  silver  ores.  The  author  then  proceeds  to  give 
the  different  methods  for  the  extraction  of  silver  bv  lixiviation 
and  subsequent  precipitation ;  and,  finally,  a  brief  chapter  on  the 
extraction  of  gold  by  the  chlorination  process.  The  book  contains 
a  large  amount  of  valuable  facts  expressed  in  a  very  compact 
manner,  besides  embracing  much  ori^nal  matter,  the  resalts  of  the 
experience  of  the  author  and  his  fnends  in  the  Pacific  States  and 
in  Mexico.  It  forms  an  excellent  supplement  to  Mr.  KustePs 
previous  work  on  the  "  Nevada  and  California  processes  of  Silver 
and  Gold  extraction." 

Bulletin  of  the  National  Association  of  Wool  Manufaoturer^  founded  Nov.  30, 
1864.  No.  1  of  this  Quarterly  Bulletin  appeared  on  January  of  1869,  and  the  first 
number  of  vol  ii  in  Jan.  1870.    The  numbers  contain  about  100  pages. 

Report  on  the  Coals  and  Iron  Oros  of  Pictou  County,  Nora  Scotia;  by  Edward 
Hartiey,  F.G.S.,  Mining  Enfi^neer to  the  Geological  Survey;  beinj?  an  Appendix  to 
Reports  on  the  Pictou  Coal-Field.  From  the  Report  of  the  Qedogical  Surrey  of 
the  Dominion  of  Canada,  for  1867-69.     78  pp.  8yo.    Montreal,  1870. 

Index  to  the  Literature  of  Uranium,  by  H.  Carrington  Bolton.  Ann.  Lye.,  New 
York,  Feb.  1870.,  pp.  362-377. 

Uebersicht  der  im  Konigreiche  Sac^sen  sur  Chausseeunterhaltung  verwendeten 
Steinarten ;  nisammengestellt  von  Dr.  H.  B.  Geinitz»  E.  Professor,  and  C  Th. 
SoBOB.  K.  Oberbaurath.     116  pp.  4to.    Dresden,  1870. 

Paris  Universal  ExpositUm. — ^The  following  additions  have  been  made  to  tiie  list 
of  Publications  of  Reports  connected  with  the  Paris  Universal  Exposition,  given 
on  page  268  of  the  last  volume  of  this  Journal: 

Extracts  from  the  Repc^  of  the  International  Committee  on  Weights,  Measures 
and  Coins,  with  a  notice  of  the  uho  of  the  Metric  System  in  the  United  States,  and 
its  relations  to  other  sy^tems  of  Weights  and  Measures. 

Report  on  Clothing  and  Woven  Fabrics,  being  Classes  Twenty-seven  to  Thirty- 
nine  of  Group  Four ;  by  Paran  Stevens,  U.  S.  Commissioner.    86  pp.  8vo. 

Report  on  Education;  by  J.  W.  Hoyt,  U.  S.  Commissioner.    398  pp.  8va 

Bibliography  of  the  Paj^s  Universal  Exposition  of  1867;  by  Wm.  P.  Blaka 
40  pp.  8vo. 

Introduction,  with  selections  fhxn  the  Correspondence  of  Oommissioner-G«nenJ 
Beckwith  and  others,  showing  the  organieation  and  administration  of  the  United 
States  Section. 

Proceedings  of  the  Aoad.  Nat.  Scl  PmLADELpniA,  No.  1,  1870. — Pajjo  1, 
Supposed  Sivatherium  from  Colorado ;  J.  Leidy. — ^p.  3,  4,  5,  Reptile  remains  from 
Colorado;  tiie  Alabama  Cretaceous;  Fort  Bridger  Tertiary  Taturtie  named  Baptemys 
Wyomingensis);  J.  Leidy. — ^p.  6  and  11,  Fossil  Birds  of  tne  U.  S.  Cretaceous  and 
Tertiary ;  0.  0.  MarsK — ^p.  6,  Analysis  of  the  nickel  ore  of  the  Gap  mine,  Lancas- 
ter Co.,  Pa. ;  Wharton. — ^p.  8,  Mylodon  fh)m  Central  America ;  J.  Leidy. — p.  9,  Note 
on  the  Triassic  Dromatherium  sylvestre  of  Emmons ;  id. — ^p.  9,  Note  on  Elasmoeau- 
rus;  id — ^p.  11,  Dicotyles  antiquus,  fVom  N.  J.  Miocene;  0.  C.  Marth, — ^p.  13, 
Ichthyodorulites ;  J.  Leidy. — ^p.  13,  Megalonyx  Jeffersoni  and  Bison  antiquus  in 
Illinois;  id — p.  13,  Growtii  of  wood  in  Yucca:  J.  Meehan. — p.  14  Cros^  fertOizatioo 
and  the  law  of  sex  in  Euphorbia ;  id — ^p.  15.  Relations  of  Syuocladia  of  King  to  8ep- 
topora  of  Prout ;  Meek  and  Worlken. — p.  18,  On  Disoosaurus  and  its  allies ;  J.  Leidy. 
— ^p.  22,  New  fossils  from  Illinois;  Meek  and  Wcrfhen. — p.  56,  New  fbesils  col^ 
lected  by  the  U.  S.  Coast  Survey  under  Clarence  King;  F.  B.  Meek. 

PB00BKDIK68  OF  THB  Calipobnia  Aoad.  Scl,  VoL  IV,  Part  ii,  1870. — ftige  48, 
Discovery  of  a  nearly  entire  skeleton  of  a  Mastodon  near  Petaluna. — p^  60,  Shi^ 
of  Antioch,  CaL;  K  P.  Oirifon.— p.  67,  Shells  of  Truokee  River  and  vicinity;  id. 
— ^p.  61,  Fauna  of  California  and  its  geographical  distribution ;  J.  O.  Cooper. — 
p.  82,  83,  Indian  mounds. — ^p.  86,  Shell  mounds;  L.  Ransom. — p.  88,  Se(^on  (d 
rocks  in  Hamilton,  Nevada ;  J.  G.  (Ttoyto-^.— p.  89,  Rife  of  water  in  Mono  L^e. 
—p.  90,  Explorations  in  the  Rooky  Mountains:  J.  D*  Whitney,*^.  92,  tbe  West- 
coast  Fresh-water  Univalves,  No.  I;  J.  G.  Cooper. 
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Abt.  XXVin. — On  the  Examination  of  the  Bessemer  Flame  with 
Colored  Glasses  and  with  the  Spectroscope;  by  J.  M.  SiLLlMAN, 
M.E.,  Adj.  Prof,  of  Metallurgy,  Lafayette  College,  Easton,  Pa. 

[Read  at  the  Troy  Meeting  of  the  Am.  Association  for  the  Adyancement  of  Science.] 

I.   Examination  with  Colored  Glasses. 

In  the  Bessemer  process,  the  progress  of  the  decarbonization 
is  determined  chieny  by  the  appearance  of  the  smoke,  flame 
and  sparks  which  are  emitted  from  the  apparatna  Owing  to 
the  rapidity  with  which  the  reactions  take  place,  it  is  highly 
important,  to  catch  the  exact  moment  when  the  blast  should  be 
turned  off.  This  is  indicated  by  the  color  and  brightness  of 
the  stream  of  gas  issuing  from  the  converter,  and  by  this  the 
moment  of  total  decarbonization  can  generally  be  accurately 
determined  by  the  naked  eye.  When,  however,  pig-iron  of 
certain  qualities  is  used  (manganiferous  iron,  for  example)  this 
determination  is  very  difficult ;  even  those  who  have  Imd  much 
experience  make  frequent  mistakes  and  find  it  impossible  to 
produce  the  same  quality  of  steel  at  every  blow. 

In  order  to  intensify  these  flame-indications,  use  has  been 
made  of  the  spectroscope,  and  also  of  various  combinations  of 
colored  classes.  The  former  was  first  attempted  by  Dr.  Boscoe, 
and  the  latter  by  Mr.  Rowan  at  the  Atlas  W  orks; 

Mr.  Rowan  experimented  with  a  great  variety  of  colored 
glasses  and  obtained  the  best  results  by  using  three  glasses,  two 
of  ultramarine  blue  and  one  of  dark  yellow.  This  little  instru- 
ment, or  chromopyrometer,  as  he  terms  it,  is  now  in  daily  use  at 
the  Atlas  Works,  its  indications  being  so  marked  and  unmis- 
takable as  to  render  its  use  safe  in  the  most  inexperienced  hand& 

Am.  Jocr.  Sci.— Secoud  Sbbibs,  Vol.  L,  No.  160.— Nov.,  1870, 
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The  following  experiments  were  made  at  the  Bessemer  Steel 
Works  of  John  A.  Griswold  k  Co.,  in  Troy,  while  pursuing  the 
chemical  course  in  the  Winslow  Laboratory  of  the  Bensselaer 
Polytechnic  Institute.  In  my  observations  on  the  flame  I  made 
use  of  the  spectroscope,  and  also  of  a  combination  of  colored 
glasses.  This  combination  consisted  of  two  light-yellow  glasses 
and  a  blue  one,  through  which  the  sunlight  appeared  of  a  deep 
purplish-blue  tint ;  and  as  it  differed  slightly  from  Bowan's,  it 
gave  somewhat  different  results. 

In  order  to  reproduce  the  appearance  of  the  flame  at  the  dif- 
ferent stages  of  the  process,  I  prepared  a  plate  consisting  of 
about  a  hundred  varieties  of  colors  and  tints,  all  of  which  were 
numbered  and  thus  referred  ta  a  table  which  indicated  their 
composition.  They  were  also  arranged  to  be  seen  with  either  a 
light  or  dark  background.  The  use  of  this  plate  was  of  neces- 
sity limited  to  daylight,  but  the  illustration  and  description  are 
given  as  occurring  at  night  in  order  to  show  its  illuminating 
power. 

At  the  beginning  of  the  process  that  which  issues  from  the 
converter  does  not  appear  to  be  a  true  flame,  but  only  an  illu- 
mined stream  of  gas  carrying  with  it  innumerable  red-hot  pellets 
of  iron.  This  gas  has  scarcely  any  illiuninating  power,  extends 
but  a  short  distance  from  the  mouth  of  the  converter,  and  is 
sometimes  sheathed  with  a  whitish  smoke.  Seen  through  the 
glasses  the  flame  and  sparks  have  a  deep  crimson  color,  the  con- 
verter is  invisible,  and  at  the  base  of  the  flame  is  a  crimson 
band  which  continues  throughout  the  proces& 

As  the  reaction  continues,  this  stream  of  gas  gh>W8  brighter 
and  more  elongated,  and  after  a  few  minutes  a  small  pomted 
whitish  flame  appears,  which  suddenly  increases  in  size.  At 
this  instant  the  blast-pressure  fidls  from  twenty  to  eighteen 
pounda 

When  viewed  through  the  glasses  the  upper  part  of  Ae  con- 
verter comes  dimly  into  view,  and  the  flame  ana  pellets  of  iron 
appear  of  a  lighter  color,  while  the  fitigments  of  slag  which 
begin  to  be  thrown  out  are  of  a  deep  red.  This  difference  In 
shade  between  the  iron  and  slag  thrown  out  is  probably  entirely 
owing  to  the  lower  temperature  of  the  latter,  for  the  reason  that 
while  the  iron  is  discharged  from  the  metallic  bath  the  slag  is 
washed  up  on  the  sides  of  the  converter,  and  can  be  seen  clinging 
around  its  mouth  in  a  spongy  mass  until  detached  and  thrown 
out  by  the  blast  The  greater  porosity  of  the  slag  and  its  con- 
sequent more  rapid  cooling  would  also  cause  a  difference  of 
temperature. 

In  the  second  period  the  discharge  of  slag  increases,  and  the 
flame  is  very  bright  and  illimiinatinff,  with  occasional  dark 
streaks.     Through  the  glasses  at  the  beginning  of  this  period 
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the  flame  is  of  an  ashy  blue  color  with  streaks  and  flashes  of 
crimson ;  the  edges  being  sometimes  of  a  purplish  hue.  At  this 
point  surrounding  objects  are  illuminated,  and  the  converter 
oecomes  distinctly  visibla  A  wreath  of  crimson  is  seen  sur- 
rounding the  flame  where  it  strikes  the  chimney.  By  the  middle 
of  this  period  the  crimson  almost  entirely  disappears  from  the 
body  ol  the  flame,  leaving  only  a  slight  cone  at  its  base,  and  a 
border  of  greenish  hue  makes  its  appearance,  and  gradually 
grows  more  decided.  Streaks  of  a  dark  blue  color  are  also  seen 
iu  the  body  of  the  flame. 

The  beginning  of  the  third  period  is  scarcely  indicated  to  the 
naked  eye,  though  the  flame  becomes  somewhat  weakened, 
and  after  a  few  mmutes  shows  dark  streaks  running  through  it 
Through  the  glasses  at  the  commencement  of  this  period  the  rose- 
colored  cone  begins  to  expand  and  deepen,  the  greenish  sheath 
is  more  decided,  while  streaks  of  dark  and  green  are  visible. 
After  a  few  minutes  the  change  becomes  very  rapid,  a  few 
seconds  only  being  required  to  reduce  the  flame  from  rose-color 
to  the  deep  crimson  non-illuminating  gas,  as  at  first,  and  again 
the  converter  is  lost  to  view,  by  which  time  the  blast  should 
have  been  turned  oK 

The  gradual  &ding  of  the  crimson  from  the  beginning  of  the 
blow  and  its  deepening  at  the  termination  of  the  process,  as  well 
as  the  crimson  band  at  the  base  of  the  flame  and  the  wreath  of 
crimson  surrounding  the  flame  at  the  chimney,  tend  to  confirm 
Mr.  Bowan*8  views,  which  are,  that  the  different  shades  of  crim- 
son are  due  to  changes  of  temperature.  The  stream  of  gas 
which  comes  from  the  mouth  of  the  converter  at  the  begin- 
ning of  the  process  being  illumined  fix)m  within,  derives  its 
color  from  the  metallic  bath,  the  temperature  of  which,  owing 
to  the  combustion  of  silicon,  increases  more  rapidly  during  this 
period  than  at  any  other. 

The  crimson  band  at  the  base  of  the  flame  and  the  wreath  of 
crimson  at  the  chimney  might  also  be  accounted  for  by  this 
theory.  The  flame  rushing  fi*om  the  mouth  of  the  converter 
has  a  tendency  to  create  a  vacuum  at  its  base  around  ihe  con- 
vCTter*s  edge,  and  thus  to  cause  a  wreath  of  flame  to  pass  over 
this  surface  and  by  consequent  cooling  produce  the  crimson 
band.  The  wreath  of  crimson  at  the  chimney  may  be  also  due 
to  the  cooling  of  the  flame  consequent  upon  deflection. 

It  is  true  we  have  a  seeming  contradiction  to  this  theory  in  the 
rose-colored  cone  extending  fix)m  the  base  at  the  center,  which 
we  would  naturally  consider  the  hottest  part  of  the  flame ;  but,  as 
in  the  flame  of  the  Bunsen  burner,  the  hottest  part  is  in  its  outer 
sheath,  the  conditions  of  combustion  in  both  being  similar,  it 
is  probable  that  that  part  of  the  flame  occupied  by  the  cone  is 
at  a  lower  temperature  than  that  surrounding  it 
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The  green  streaks  in  the  flame  are  most  intense  when  the 
manganese  spectrum  is  brightest ;  and  as  the  color  of  the  flame 
when  the  spiegeleisen  is  added  is  also  green,  we  are  led  to 
suppose  them  due  to  the  presence  of  manganese. 

On  two  occasions  simultaneous  observations  were  made  with 
the  spectroscope  and  the  colored  glasaes ;  but  with  the  exception 
of  that  just  mentioned,  and  the  changes  at  the  commencement 
and  termination  of  the  blow,  no  striking  coincidence  was  noticed. 

n.  Examination  vdth  the  Spectroscope, 

The  science  of  spectrum  analysis  is  yet  in  its  infancy,  and 
there  has  been  no  scientific  investigation,  perhaps,  which  has 
been  more  contradictory  in  its  results  than  that  of  the  Bessemer 
flame.  The  first  application  of  the  spectroscope  to  the  analysis 
of  the  Bessemer  flame  was  made  in  1862  by  Dr.  Koscoe  at  the 
works  of  Messrs.  John  Brown  &  Co.,  in  Sheffield.  Soon  after 
this  it  was  in  constant  use  in  Brown's  works  for  controlling  the 
process.  It  was  next  introduced  at  Ci^ewe,  and  fi-om  there  said 
to  have  been  taken  to  Seraing,  in  Belgium,  in  1866. 

Eoscoe's  account  of  the  general  appearance  of  the  spectrum 
has  not  altogether  been  verified  by  suosequent  observers.  His 
not  having  seen  any  line  beyond  80°  indicates  an  imperfection 
in  his  instrument  He,  also,  is  the  onlv  one  who  claims  to  have 
seen  the  sodium  line  as  an  absorption  oand,  or  who  professes  to 
have  detected  the  lines  of  nitrogen  and  hydrogen  m  the  Bes- 
semer spectrum.  His  spectroscope  was  so  arranged  that  the 
spectrum  of  the  Bessemer  flame  was  seen  in  the  upper  half  of 
tne  field  of  view,  while  the  spectrum  with  which  it  was  to  be 
compared  was  seen  immediatelv  below.  The  spectrum  of  the 
flame  was  thus  compared  with  the  following  spectra : — 

1.  Spectrum  of  electric  discharge  in  carbonic  ox  yd  vacuum. 

2.  "        "   strong  spark  between  silver  poles  in  air. 
g  c(        4(        (c  cc  (c       iron        '^     ^^     ^^ 

4.  "        "        "  "  '♦  "  "     "  hydrogen. 

6.  Solar  spectrum. 

6.  Carbon   spectrum — oxyhydrogen  blowpipe  supplied  with 
olefiant  gas  and  oi^ygen* 

The  coincidences  observed  were  very  few,  and  totally  feiled 
to  explain  the  value  of  the  Bessemer  spectrum.  The  lines  of 
the  well-known  carbon  spectrum  did  not  occur  at  all,  either  as 
bright  lines  or  absorption  bands,  nor  was  any  coincidence  ob- 
served between  the  lines  of  the  Bessemer  spectrum  and  those 
of  the  carbonic  oxyd  vacuum  tube.  The  lines  of  lithium,  so- 
dium and  potassium  were  strongly  marked  and  identified  with 
certainty.  He  found  that  three  fine,  bright  lines  between  E 
and  J,  shown  on  the  plate  at  66^°,  67°,  67^°,  coincided  with 
those  of  iron ;  and  in^lace  of  the  Jed  h^'drogen  line  C,  he  dis- 
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covered  a  black  band  which  he  considered  an  absorption-band, 
and  states  that  it  is  better  defined  in  wet  than  in  dry  weather. 

In  Austria,  Pro£  Lielegg  followed  up  this  subject  with  great 
perseverance,  and  gave  more  extended  accounts  of  the  varying 
character  of  the  Bessemer  spectrum  during  the  different  steges 
of  the  process.  His  expenments  were  made  at  Gratz,  where 
the  spectroscope  was  afterward  used  with  great  success  in  con- 
trolling the  Bessemer  process ;  but  at  Konigshlitte,  where  dark 
gray  manganiferous  iron  was  used,  it  was  found  that  the  indica- 
tions which  in  other  works  so  plainly  determined  the  moment 
of  decarbonization  were  unreliable.  In  this  case,  the  lines 
whose  disappearance  is  to  indicate  the  exact  point  of  time  for 
ending  the  process,  disappear  too  soon.  During  the  period  in 
which  the  spectrum  is  brightest,  among  the  glowing  vapors  and 
gases  that  stream  fix>m  the  converter,  carbonic  oxvd  next  to 
nitrogen  is  most  abundant,  and  it  is  for  this  reason  that  the  first 
investigator,  Eoscoe,  expressed  himself  as  confident  that  the  nu- 
merous lines  of  the  spectrum  were  caused  by  this  gas,  although 
he  could  obtain  no  coincidence. 

Brunner*  states  that  "  no  part  of  the  Bessemer  spectrum  is 
ever  visible  in  the  flame  when  the  converter  is  heated  for  the 
first  time  after  being  re-lined,  but  that  when  the  lining  is  not 
new,  Lielegg*s  group  of  green  lines  (COy)  appears  in  the  spec- 
trum, which  then  contains  also  the  lines  of  potassium,  sodium, 
and  lithium."  From  which  he  concludes  that  this  spectrum  is 
not  to  be  identified  with  carbonic  oxvd,  but  must  be  produced 
by  other  constituents  of  pig-iron.  Others  state  that  the  Bessemer 
spectrum  is  sometimes  visible  while  the  converter  is  being 
heated  after  a  blow.  I  made  an  observation  of  the  flame  from 
the  converter  while  it  was  being  heated  the  first  time  after  being 
re-lined,  and  obtained  with  great  distinctness  the  potassiujn, 
lithium,  and  sodium  lines,  but  have  not  under  any  circum- 
stances detected  any  other  lines  while  the  converter  was  being 
reheated. 

Lichtenfels,  by  a  series  of  simultaneous  comparisons  of  the 
manganese  with  the  Bessemer  spectrum  found  the  lines  in  the 
blue  and  green  fields  to  completely  harmonize  in  the  two 
spectra.  The  violet  manganese  line  which  had  been  seen  by 
some  he  could  not  detect  in  either  of  the  spectra*  I  have 
never  observed  it,  but  Dr.  Wedding,  who  has  summed  up  the 
observations  of  others,  states  that  he  has  repeatedly  seen  it. 
Its  position  is  at  135i°. 

The  instrument  used  in  my  investigations  was  constructed 

by  Alvan  Clark  of  Cambridge,  and  consists  of  an  eauiangular 

flint-glass  prism,  in  a  metallic  box,  into  the  sides  of  which  at 

the  requisite  angles  are  screwed  an  inverting  telescope  with  a 

*  Van  Nostrand's  Edeotic  Enur.  Mag.,  vol.  i,  page  508. 
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magnifying  power  of  six,  and  a  tube  containing  the  adjustable 
slit  and  lens  for  rendering  the  rays  parallel ;  also  a  tube  with 
a  scale,  which  is  placed  at  such  an  angle  that  it  is  reflected 
from  the  surface  of  the  prism  through  the  telescope  to  the  eye ; 
it  can  be  so  adjusted  as  to  appear  along  the  upper  edge  of  the 
spectrum.  I  was  provided  with  Bunsen's  plates  of  spectra  on 
a  large  scale,  and  in  order  to  adapt  them  to  the  scale  in  mj 
instrument,  I  took  the  spectrum  of  the  sun  and  obtained 
Fraunhofer's  lines  with  great  distinctness.  Two  characteristic 
lines  in  the  solar  spectrum  were  then  noted,  one  of  which 
appeared  at  37°  and  the  other  at  117°,  and  a  space  measured 
equal  to  their  distance  apart  as  eiven  on  Bunsen's  scale. 
This  was  divided  into  eighty  equal  parts,  and  the  division 
extended  in  both  directions.  By  the  application  of  this  scale 
to  Bunsen's,  I  found  that  the  remainder  of  Fraunhofer  s  lines 
in  my  instrument  exactly  coincided  with  their  position  on  his 
plates.  The  correctness  of  tne  new  scale  was  also  proved  by 
other  coincidences.  Bv  moving  the  prism,  Fraunhofer's  lines 
will  vary  slightly  in  their  relative  distances  apart,  but  in  no 
possible  position  in  which  I  could  place  the  prism  could  I 
obtain  the  sun-spectrum  as  given  by  Wedding  in  connection 
with  the  Bessemer  spectrum ;  if  the  spectrum  given  by  him 
was  obtained  by  the  use  of  bisulphid  of  carbon  in  his  prism, 
that  substance  causes  a  greater  variation  than  I  had  supposed 

I  have  recorded  the  results  of  twenty-five  observations  on 
the  Bessemer  flame,  most  of  which  were  taken  at  a  distance  of 
about  thirty  feet  from  the  flame,  though  I  have  stationed  my- 
self at  intermediate  points  between  that  and  the  flame ;  at  one 
time  sitting  so  close  as  to  be  almost  scorched  Nearly  all 
my  observations  were  made  at  night  and  the  lines  obtained 
much  better  defined  than  when  seen  in  difi'used  sunlight 

The  record  of  my  observations  was  kept  as  follows : — ^Five 
columns  were  ruled,  headed — 

I  Degree.  |  Color.  |  Brightness.  |  Time.  |  Remarks.  | 
Note  was  made  of  the  dark  bands  as  well  as  the  bright  ones, 
both  of  which  were  classed  according  to  their  distinctness,  as 
very  bright,  bright,  faint,  and  very  faint  In  the  time-column 
was  noted  the  number  of  minutes  after  the  commencement  of 
the  blow  at  which  the  lines  appear. 

At  the  first  two  or  three  observations  I  attempted  to  make  a 
thorough  note  of  the  changes  as  they  occurred  throuffhout  the 
whole  spectrum,  but  afterward  abandoned  it  as  utteny  impos- 
sible, as  at  the  beginning  of  the  second  period,  the  lines  come 
in  so  fast  and  the  changes  are  so  rapid  that  they  can  not  be 
accurately  noted  at  the  exact  moment  of  their  occurrence.  I 
therefore  confined  myself  to  a  few  degrees  at  each  observation, 
and  by  this  method  was  enabled  to  note  accurately,  and  at  the 
exact  moment  of  their  occurrence  slight  changes  which  other- 
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wise  might  have  escaped  notice.  Note  was  also  taken  of  the 
changes  in  the  general  appearance  of  the  whole  spectrum  dur- 
ing the  successive  steles  of  the  procesa  After  naving  made 
h^f  a  dozen  observations,  while  viewing  the  spectrum  of  the 
flame  from  the  converter  while  it  was  bemg  heated  for  another 
charge,  it  was  discovered  that  a  movement  of  the  eye  before  the 
eye-glass  occasioned  a  similar  movement  of  the  lines  of  the  spec- 
trum along  the  scale,  on  which  their  position  could  thus  be 
made  to  differ  more  than  half  a  d^ea  I  have  seen  no  notice 
of  this  in  the  statements  of  others,  and  it  may  account  for  some 
of  the  apparent  discrepancies*  Thereafter,  when  taking  the 
readings  of  any  of  the  lines,  the  position  of  the  eye  was  so 
adjusted  as  to  bring  the  sodium  line  exactly  at  50°.  Owing  to 
the  extreme  brilliancy  of  the  flame  the  aperture  may  be 
made  exceedingly  narrow,  and  thus  the  many  lines  of  the 
spectrum  which  with  a  duller  light  and  broader  gauge  would 
be  blended  together,  may  be  separated. 

At  the  beginning  of  the  blow,  the  spectrum  is  continuous 
and  very  faint,  and  generally  extends  from  36°  to  120°,  covering 
about  three-fonrths  of  the  length  attained  in  the  second  period. 
This  increases  slightly  in  extent  and  brightness  until  the 
appearance  of  the  sodium  line.  This  line  appears  at  the  end 
of  the  first  period  at  the  beginning  of  a  more  decided  flame. 
It  comes  flasning  through  from  one  extremity  to  the  other  for 
an  instant,  and  then  disappears  only  to  return  the  next  instant 
in  brighter  flashes  which  are  continued  for  about  a  minute, 
by  which  time  the  line  becomes  permanently  established.  On 
one  occasion  the  sodium  line,  instead  of  flashing  and  disappear- 
ing as  usual,  continued  visible  after  a  few  seconds,  and  ex- 
panded and  contracted  in  width  almost  isochronously  until  it 
Dccame  permanently  established.  The  appearance  of  this  line 
indicates  the  termination  of  the  first  period.  This  period  I 
have  found  to  vary  in  extent  from  three  to  seventeen  minutes 
in  blows  lasting  from  thirteen  to  twenty -seven  minutes.  None 
of  the  other  Imes  make  their  appearance  in  vivid  flashes  as 
does  the  sodium.  The  lithium  line  becomes  visible  three  or 
four  minutes  after  the  first  flash  of  the  sodium.  It  is  very 
faint  at  first  but  soon  becomes  quite  distinct  and  lasts  through 
the  blow.  The  vivid  flashing  of  the  sodium  line  may  oe 
accounted  for  by  the  exceedingly  small  amount  of  sodium 
required  to  produce  its  spectrum — ^an  amount  not  exceed- 
ii^g  TiririrWjyT  of  a  grain.  The  slightest  momentary  combus- 
tion taking  place  in  the  stream  of  gas  from  the  converter,  would 
at  that  instant  render  glowing  a  sufficient  amount  of  the  vapor- 
ized sodium  to  produce  its  spectrum,  and  thus  occasion  the 
flashes  so  characteristic  in  the  first  appearance  of  that  line. 
Lithium  exists  in  a  much  smaller  quantity  and  requires  jzisws* 
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of  a  grain,  or  thirty  times  that  given  for  sodium.  By  the  time 
the  lithium  line  is  established  me  red  potassium  line  at  28i° 
and  occasionally  the  violet  line  at  186°  appear,  and  the  blue  and 
green  fields  become  divided  into  bands  which  are  so  rapidly 
resolved  into  bright  and  dark  lines,  that  it  is  difficult  to  note 
the  exact  time  of  the  appearance  of  each.  The  spectrum  in- 
creases to  a  dazzling  brigntness,  and  extends  itself  in  both  direc- 
tions until  it  reaches  from  28^°  to  140°. 

During  the  third  period  the  spectrum  becomes  more  brilliant, 
and  the  lines  more  distinct  Several  new  lines  make  their 
appearance  in  different  parts  of  the  spectrum,  of  which  the  ones 
at  51  i°,  57°,  and  67°  are  well  defined,  while  others  are  faint 
and  not  always  visible ;  some  of  them  appearing  only  toward 
the  close  of  the  last  period.  In  viewing  the  lines  in  the  most 
refracted  part  of  the  spectrum,  it  has  been  repeatedly  observed 
both  by  myself  and  others,  that  these  lines  were  more  strongly 
marked  when  entering  the  eye  at  an  angle  than  when  viewea 
directly.  That  this  was  not  imagination  is  proved  by  repeated 
identification  of  lines  at  the  same  point  on  the  scale. 

At  the  termination  of  the  blow  the  lines  are  rapidly  swept 
away,  sometimes  in  the  inverse  order  of  their  appearance,  but 
more  generally  they  disappear  within  the  space  of  two  or  three 
seconds,  leaving  a  continuous  spectrum  as  at  first,  though  some- 
what brighter.  Sometimes  the  sodium  and  lithium  lines  are 
swept  away  with  the  others,  and  at  other  times  they  remain 
visiole.  In  either  case  the  change  is  very  decided,  and  does 
not  generally  occupy  more  than  three  seconds.  In  the  course 
of  my  observations,  thirty-three  lines  have  been  detected,  as 
given  in  the  table  below. 

Some  of  the  lines  given  by  Lielegg  I  have  failed  to  find,  but 
have  detected  others  not  given  by  him. 

l8t  Period,  23^,  36,  50,  136. 

2d  Period,  28J,  35,  43,  44,  44^,  46^,  46,  47^^  48J,  50,  62,  53,  66, 

66|,  6H,  62,  62i,  6*3,  66,  60^,  67^,  70,  72,  120,  135. 
3d  Period,  28^,  35,  43,  44,  44^,  45^,  46,  47^,  48^,  50,  6H,  52,  53, 

66,  56i,  67,  61i,  62,  62^,  68,  66,  66^,  67,  67i,  70,  72, 

100,  102,  108,  105,  108,  186. 

Among  the  dark  bands  detected,  the  most  intense  occurred 
at  44-46,  61-55,  56-58,  62-64^ ;  others  were  found  at  33-84J, 
86i,  37i,  88i,  40,  68-72. 

Many  of  the  dark  bands  were  crossed  by  bright  lines. 

I  have  repeatedly  observed  the  dark  band  considered  by 
Roscoe  to  be  a  hydrogen  absorption  line,  but  have  not  noticed 
that  its  intensity  varied  with  the  dampness  of  the  weather. 
Whether  it  is  an  absorption  band  or  not  can  be  determined  by 
a  series  of  observations  continued  through  wet  and  dry  weather. 
If  this  proves  to  be  a  hydrogen  line,  the  Bessemer  spectrum  will 
be  found  more  complicated  than  is  generally  supposed.     It  has 
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been  thought  by  some  that  the  dark  bands  in  the  spectrum  are 
absorption  lines  flue  to  the  cooling  of  the  outer  sheath  of  flame, 
but  it  is  more  probable,  that  although  the  pellets  of  iron  and 
slag  tend  to  produce  a  faint  continuous  spectrum ;  yet  in  con- 
trast with  the  very  brilliant  lines  it  appears  discontinuous,  the 
dark  bands  being  merely  intervals  between  the  bright  ones. 
The  iron  spectrum  has  not  been  satisfiewtoriljy  identified.  It  has 
been  suggested  that  the  brightness  and  size  of  the  lines  of 
the  Bessemer  spectrum  do  not  allow  the  iron  lines  to  ap- 
pear. In  comparing  the  Bessemer  spectrum  with  Bunseirs 
spectra  of  niclcel,  cobalt  and  calcium,  no  coincidences  were 
observed  except  two  or  three  in  the  latter  spectrum.  The 
brightest  calcium  line,  however,  was  not  visible  in  the  Bessemer 
spectrum.  The  Bessemer  sj)ectrum  contains  yet  many  mysteries 
to  be  solved,  among  which  is  the  cause  of  the  non-appearance 
of  the  lines  of  the  spectrum  at  the  beginning  and  termination 
of  the  blow. 

This  was  readily  solved  when  the  numerous  lines  of  the 
spectrum  were  attributed  to  carbon,  but  in  proving  them  to  be 
caused  principally  by  manganese,  their  disappearance  is  not  so 
readily  accounted  for. 

One  theory  to  account  for  it  is  that  the  luminous  power  of 
the  flame  is  too  small  at  the  beginning  and  end  of  the  process 
to  produce  a  spectrum.  In  regard  to  this  it  may  readily 
be  shown  that  the  brilliancy  of  the  spectra  of  incandescent 
metallic  vapors  does  not  depend  upon  the  illuminating  pow- 
er of  a  flame  but  upon  the  heat  of  the  flame  into  wnich 
they  are  introduced.  For  instance,  the  spectra  are  more  distinct 
in  the  non-luminous  flame  of  a  Bunsen  lamp  than  in  the  ordi- 
nary luminous  gas-flame.  If  we  take  the  theory  as  referring  to 
the  feebleness  of  light  given  off  by  those  substances  in  the  flame 
which  produce  the  spwjtrum,  it  will  resolve  itself  into  the  one  of 
change  of  temperature,  notwithstanding  the  fact  that  the  illumi- 
nating power  of  flames  of  the  same  temperature  varies  with  the 
composition  of  the  gas,  because  there  is  evidently  enough  sodi- 
um in  the  flame  to  give  its  characteristic  line ;  hence,  whatever 
might  be  the  illuminating  power  of  the  flame,  if  the  heat  is 
sufficiently  intense  the  sodium  line  will  show  itself 

Dr.  Wedding  adopts  the  theory  that  the  absence  of  the  spec- 
trum at  the  beginning  and  termination  of  the  blow  is  because 
the  absolute  quantity  of  the  bodies  volatilized  producing  the 
spectrum  is  at  these  times  too  smalL  His  reasons  for  holding 
tnis  view  are  as  follows : — "  A  trace  of  sodium  will  give  its  char- 
acteristic line,  but,  according  to  Simmler,  a  much  larger  c[uantity 
of  manganese  is  needed  to  obtain  a  recognizable  reaction  than 
that  which  can  be  detected  by  the  well  known  blow-pipe  reaction 
with  carbonate  of  soda.  Consequently,  spectrum  analysis  does 
not  depend  alone  upon  the  presence  of  a  tody  but  also  upon  the 
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presence  of  a  certain  (quantity.  And  although  manganese  is  al- 
ways lefl  in  the  iron,  it  may  not  be  left  in  sufficient  quantity  at 
the  termination  of  the  blow  to  produce  the  spectrum,  and  fox 
this  reason  the  lines  disappear?* 

To  this  theory  there  are  same  some  strong  objection&  1^  If 
we  take  manganese  in  sufficient  quantity  and  hold  it  in  a  flame 
the  spectrum  will  increase  in  brightness  until  a  uniform  tempNera- 
ture  IS  attained ;  but  when  the  amount  of  manganese  vaporized 
begins  to  diminish,  its  spectrum  will  gradually  decrease  in 
brightness  until  it  disappears.  Now,  if  the  disapp^urance  of 
the  manganese  lines  in  tne  Bessemer  spectrum  is  owing  to  the 
diminution  of  the  quantity  of  manganese,  we  should  infer  thi^ 
these  lines  would  gradually  grow  more  indistinct  and  then  fisule 
away  ;  but  on  the  contrary,  the  manganese  spectrum  increases 
in  brilliancy  from  its  first  appearance,  and  is  more  intense  just 
before  being  swept  away  than  at  any  other  time  The  analysis 
of  the  smoke,  which  appears  when  the  flame  ceases,  proves  that 
a  considerable  quantity  is  still  volatilized,  and  it  is  notable  that 
in  manganiferous  iron  this  quantity  increases  towards  the  close 
of  the  blow.  2nd.  It  would  be  more  difficult  to  account  by  this 
theory  for  the  non-appearance  of  the  sodium  line  at  the  be^- 
ning  of  the  blow,  as  sodium  then  in  all  probability  exists 
in  the  issuing  gas  in  sufficient  quantity  to  pnxluce  its  spectrum 
at  a  high  temperature,  as  it  is  only  by  special  precaution  that 
we  can  keep  it  out  fix>m  any  flame  SrA  A  stul  greater  diffi- 
culty would  arise  in  applying  this  theorr  to  the  spectra  of  sodium 
and  lithium  at  the  close  of  tne  blow.  As  has  before  been  stated, 
these  lines  sometimes  disappear  at  the  moment  of  complete 
decarbonization,  and  sometimes  remain.  In  the  former  case,  to 
say  that  our  friend  sodium  had  given  out  would  be  doing  great 
injustice  to  that  element,  as  it  has  never  given  us  reason  for 
bringing  gfo  grave  a  charge  against  it  Dr.,Wedding  in  attempt- 
ing to  demonstrate  that  the  non-appearance  of  the  manganese 
lines  is  owing  to  the  lack  of  sufficient  (juantity  volatilized  to 
produce  its  spectrum,  makes  the  following  statements : — 

From  analyses  made  by  Brunner  we  find  that  the  manganese 
contained  in  the  iron  falls  from  8*460  per  cent  in  the  raw  mate- 
rial, to  1-645,  0*429,  and  finally  to  0*113  per  cent  in  the  decar- 
bonized product ;  and  that  the  protoxyd  of  manganese  in  the 
slag  first  increases  from  87*00  per  cent  to  87*90  per  cent,  and 
then  sinks  to  32*23  per  cent,  and  fiirthermore,  that  a  certain 
quantity  of  manganese  is  to  be  found  in  the  smoke  How  much 
manganese  is  really  lost  by  volatilization  cannot  be  determined, 
since  data  are  wanting  as  to  the  absolute  quantity  of  slag  and 
iron,  consequently  we  cannot  determine  how  much  manganese 
has  been  lost  by  means  of  the  eruptiona 

But  since  the  manganese  contained  in  the  pig-iron  decreases 
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constantly,  and  that  contained  in  the  slag  after  the  tennination 
of  the  boiling  penod  also  decreases,  a  considerable  volatilization 
of  this  body  is  probable  just  at  the  time  when  the  spectrum  is 
best  developed.  Comparing  with  this  the  experiments  that  can 
be  made  in  the  laboratory  we  arrive  at  the  hypothesis,  that  the 
oxydized  manganese  which  has  entered  into  the  slag  is  not  vol- 
atilized but  is  retained  by  the  slag ;  it  can,  therefore,  get  into 
the  flame  only  in  the  shape  of  solid  or  fluid  combinations. 

In  the  above  statements  the  results  of  the  anal  vsis  wove  that 
some  of  the  manganese  in  the  slag  is  volatilized.  We  cannot 
consider  the  manganese  spectrum  during  the  entire  process  as  due 
wholly  to  the  volatilization  of  the  manganese  directly  from  the 
iron,  for  while  the  amount  eliminated  from  the  iron  grows  con- 
tinually less,  the  manganese  spectrum  grows  brighter.  Owing 
to  the  intimate  mixture  by  the  blast  of  the  iron  and  slag,  the 
manganese  oxyd  contained  in  the  latter,  is  brought  in  contact 
with  the  melted  iron  and  vaporized.  This  mixing  of  the  slag 
and  iron  would  cease  at  the  termination  of  the  process,  and  this 
would  account  for  the  sudden  diminution  of  smoka 

K  there  was  a  sufficient  carbonic  oxyd  flame  to  render  the 
escaping  gases  glowing  it  is  evident  they  would  not  issue  from 
the  converter  as  dark  smoke,  but  as  incandescent  vapor  having 
its  characteristic  spectrum.  The  lack  of  sufficient  name  may, 
therefore,  account  for  the  disappearance  of  the  manganese  spec- 
trum. The  Bessemer  flame  presents  other  problems,  and  opens 
an  intensely  interesting  field  for  scientific  investigation ;  and  by 
the  use  of  more  delicate  instruments  than  have  yet  been  em- 
ployed for  this  purpose,  discoveries  may  be  maae  which  will 
throw  new  light  upon  the  subject  of  spectrum  analysis. 


Art.  XXIX. — On  a  simple  method  of  measuring  Electrical  Con- 
ductivitf'es  by  m^eans  of  two  equal  and  opposed  magneto^lectric 
currents  or  waves  ;  by  Alfred  M.  Mayer,  PLD. 

[Read  before  the  Troy  meetiug  of  the  American  Association  for  the  Advancement 

of  Science.] 

1,   General  description  of  the  Method. 

A  MAGNET  is  firmly  supported  in  a  horizontal  position  with  a 
portion  of  its  length  projecting  beyond  a  fixed  stop  (see  fig.  2) ; 
over  this  free  end  of  the  magnet,  and  resting  against  the  stop, 
are  placed  two  similar  flat  spirals,  formed  of  the  same  quality 
of  copper  wire,  and  having  the  turns  of  one  spiral  in  a  direction 
the  reverse  of  those  of  the  other.  The  spirals  are  clamped 
together  and  their  four  terminal  wires  are  carried  vertically 
downward  into  four  separate  cavities  containing  mercury  ;  these 
mercury -cups  are  so  connected  with  a  reflecting-galvanometer 
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that,  when  the  spirals  are  together  slid  off  the  magnet,  the  two 
equal  electric  currents,  thus  generated,  simultaneously  tend  to 
traverse  the  galvanometer  in  opposite  directions,  and  therefore 
its  needle  remains  stationary.  If  we  now  introduce  into  the 
circuit  of  one  of  the  spirals  a  resistance  equal  to  that  introduced 
into  the  circuit  of  the  other,  the  needle  will  still  remain  at  rest 
when  the  spirals  are  slij)ped  off  the  magnet ;  but,  if  the  resist- 
ance placea  in  one  circuit  is  greater  or  less  than  that  placed  in 
the  other,  there  will  be  a  deflection  of  the  galvanometer  needles 
when  the  spirals  are  removed.  Thus,  by  introducing  wires  of 
different  metals  into  the  circuits  we  can  readily  determine  their 
relative  conductivities,  by  making  them  of  such  length  that 
their  resistances  are  equal ;  which  condition  is  attaint  when, 
on  sliding  off  the  spirals,  the  needle  remains  absolutely  at  rest. 
If,  in  the  latter  case,  the  wires  have  equal  diameters  tnen  their 
conductivities  are  directly  and  their  resistances  are  inversely  as 
their  lengtha 

A  modification  of  the  above  method  is  discussed  in  the  con- 
clusion of  this  paper ;  in  which  the  magnet  is  replaced  by  the 
terrestrial  magnetic  force  and  the  spirals  and  the  wires  by  two 
similar  coils,  from  two  to  three  feet  in  diameter,  formed  of  the 
two  wires  whose  conductivities  are  to  be  compared.  These 
coils  contain  equal  lengths  of  the  same  sized  wires  and  the  same 
number  of  turns  ;  the  direction  of  the  turns  being  opposed  in 
the  two  coils.  The  coils  having  been  bound  together  are  placed 
in  a  plane  at  right  angles  to  the  line  of  "the  dip,"  and  the  four 
terminal  wires  are  so  connected  with  the  reflecting-galvanometer 
that  the  two  induced  currents  tend  to  traverse  it  in  opposite 
directions.  The  coils  are  now  quickly  rotated  through  180**, 
around  an  axis  at  right  angles  to  the  line  of  the  dip,  and  if  the 
wires  present  equal  resistances  the  needle  remains  at  rest ;  if  it 
is  denected,  the  direction  and  the  amount  of  the  deflection 
shows  which  coil  has  the  lesser  resistance  and  affords  a  means 
of  estimating  the  same. 

After  this  general  description  of  the  method  I  will  present, 
in  order,  a  description  of  the  apparatus  used,  and  of  the  actions 
which  take  place  in  it;  the  degree  of  precision  of  the  method ; 
examples  of  the  determinations  of  electrical-conductivities,  and 
experiments  on  the  modification  of  the  method. 

2.  Description  of  the  Apparatus. 

The  magnet  was  formed  of  a  combination  of  three  steel  bars, 
separated  from  each  other  by  slips  of  wood  -2  in.  thick.  The 
middle  bar  was  10*4  in.  long  and  its  ends  projected  '25  in.  be- 
yond the  two  side  magnets.  Each  bar  was  •27  in.  thick  and  "9 
m.  wide.  About  three  months  before  this  investigation  was 
undertaken  they  ha^  been  magnetized  to  saturation  by  the 
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following  process.  The  axis  of  a  helix,  8*7  ins.  long  and  con- 
taining 668  feet  of  y,  in.  copper  wire,  was  placed  in  the  line  of 
"  the  dip  "  and  a  current  so  sent  through  it  from  ten  Bunsen 
cells  that  its  N.  pole  was  toward  the  earth.  The  separate  bars 
were  then  drawn  through  the  helix  until  they  ceased  to  acquire 
an  increase  of  magnetism.  This  method  gives  a  uniform  and 
powerful  magnetization,  and  probably  may  be  improved  by 
causing  the  bars  to  vibrate  as  they  pass  through  the  helix ; 
which  can  be  accomplished  by  means  of  a  tuning  fork  ftir- 
nished  with  a  long  brass  stem.  After  the  magnets  were  com- 
bined, as  described  above,  a  weight  of  1'5  lb.  was  sustained  at 
the  end  of  the  middle  bar. 

The  magnet  was  supported  in  an  E.  and  W.  line,  16 '5  in. 
above  the  surfece  of  the  mercury  in  the  cavities  of  the  wooden 
"  connecting-block"  placed  below  it ;  and  2*5  in.  of  its  S.  end 
projected  beyond  the  wooden  clamp  which  held  it 

The  Spirals  were  formed  of  ^V  i^ch  "  double-covered  "  Lake 
Superior  wire.  Each  spiral  contained  ITeOO  in.  of  wire  coiled 
in  20  turns,  and  the  terminals  were  15*5  in.  lonff,  thus  making 
207*06  in.  of  wire  in  each  spiraL  The  greatest  diameter  of  the 
spirals  was  3*9  in.  and  each  had  a  central  opening  of  1*7  in. 
Their  thickness  after  they  were  covered  with  paraffined  paper 
and  varnished  was  "06  in.  The  covering  of  the  two  terminal 
wires  of  each  spiral  was  saturated  with  melted  paraffin ;  they 
were  then  firmly  tied  together  with  silken  cord  to  about  4  in. 
of  their  ends  where  they  separated  and  formed  forked  termina- 
tions. 

The  spirals  were  formed  in  this  manner.  An  iron  plate  A, 
which  screws  on  to  the  mandrel  of  a  lathe,  has  cemented  on  to 
its  face  a  disc  of  hard  wood  6,  1*7 
in.  in  diameter  and  '1  in.  thick. 
From  the  center  of  the  plate  A 
projects  a  screw  e  whicn  enters 
the  wooden  disc  B  at  e\  When 
the  plate  B  is  screwed  "  home  " 
the  disc  h  fits  into  the  cavity  b' 
and  the  plates  A  and  B  are  sepa- 
rated to  a  distance  a  little  greater 
than  the  diameter  of  the  covered 
wire,  while  the  disc  b  forms  a  cylinder  between  them  on  which 
to  wrap  the  spiraL 

The  end  of  the  wire  to  be  coiled  is  passed  through  a  hole  d 
in  the  plate  B,  which  is  then  screwed  home  on  to  A.  The  lathe  is 
then  turned  so  that  the  wire  is  coiled  over  the  center  disc  from 
^  A  to  6.  After  the  space  between  the  disc  is  filled  with  coils, 
the  free  end  of  the  wire  is  secured  and  the  plate  B  unscrewed, 
while  the  wire  slides  through  d  and  the  coil  is  not  unwrap- 
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ped;  which  would  have  taken  place  if  it  had  been  coiled 
in  the  direction  from  6  to  A.  The  spiral  is  now  saturated  with 
very  fluid  paraffin  and  has  cemented  on  to  it,  with  a  hot  chisel, 
a  paper  disc  previously  saturated  with  paraffin.  The  spiral  is 
now  removed,  the  covered  side  placed  against  the  disc  and  its 
other  sur&ce  treated  in  the  same  manner.  The  spiral  is  then 
taken  off  the  chuck,  and  on  holding  it  up  to  the  light  the 
copper  wire  is  distinctly  seen  through  the  translucent  covering 
of  the  wire  and  the  paraffined  paper  cover  of  the  spiral  The  in- 
sulation thus  obtained  is  very  perfect  and  the  coils  are  firmly 
cemented  together.  The  termmals  are  now  led  radially  from 
the  spirals,  and  are  tightly  bound  together  as  described  above 
To  still  further  strengthen  the  spirals,  both  they  and  their  ter- 
minals are  covered  with  a  firm  laver  of  shellac  varnish. 

I  have  thus  minutely  described  the  process  of  making  these 
spirals  for  they  are  of  inestimable  value  in  many  electrical 
researches ;  having  been  used  in  my  recent  investigations  in 
electro-magnetism,  and  will  be  again  used  and  referred  to  in  a 
subsequent  communication. 

The  galvanometer  I  specially  constructed  for  this  research, 
but  experience  has  shown  that  a  coil  of  shorter  and  thicker 
wire,  (say,  j\  in.  wire  in  6  turns)  offering  less  resistance,  would 
have  Deen  better  than  the  one  employed.     The  wire  of  the 

f galvanometer  was  -^^  in.  Uiick,  and  was  wrapped  around  the 
ower  needle  in  two  layers  of  22  turns  each ;  the  opening  of 
the  coil  being  '15  in.  in  widtL  The  needles  are  1*66  in.  long 
and  '08  in.  diam.  The  upper  needle  is  -O  in.  above  the  lower 
with  a  thick  copper  plate  intervening ;  it  was  not  much  affected 
bv  the  current  m  the  coil,  and  was  under  the  influence  of  a  fee- 
ble magnet,  18  in.  long  and  18  in.  diam,,  which  was  placed  with 
its  similar  poles  over  the  upper  needle  and  8*2  in.  above  it 
Under  these  conditions  the  simple  oscillations  of  the  system 
were  exactly  4^  per  minute,  ana  by  lowering  or  raising  the 
magnet  I  could  render  it  more  or  less  astatic  The  needles  were 
hung  by  a  frame  of  fine  copper  wire  to  a  plane  mirror  1*2  in. 
square,  formed  of  thin  glass  silvered  by  Poucault's  prooesB,  and 
the  whole  was  suspended  by  a  few  fibers  of  unc^un  ailk.  The 
instrument  was  enclosed  in  a  cover,  the  front  of  which  was 
made  of  a  carefully  selected  piece  of  plate  glass. 

The  S.  end  of  the  magnet  used  in  inducing  the  electric 
currents  in  the  spirals  was  14  in.  to  the  left  of  the  magnetic 
meridian  line  drawn  through  the  point  of  suspension  of  the 
galvanometer  needles  and  6  ft.  11  in.  distant  firom  the  sama 
In  this  position  the  magnet  caused  a  deflection  of  52' "6  in  ihe 
needles  of  the  galvanometer  and  they  were  brought  back  into 
the  meridian  by  means  of  the  damping-magnet 
The  deflections  of  the  needles  were  read  off  by  the  beautiful 
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method  invented  by  the  illustrious  Gauss,  using  a  telescope  and 
scale  placed  as  described  below. 

The  telescope  was  of  '7  in.  aperture  and  12  in.  focus ;  just 
under  its  object  glass  was  placed,  at  right  angles  to  its  axis, 
a  rod  of  wo6d  1  in.  square  and  1  meter  long,  covered  with 
drawing  paper.  This  rod  was  divided  off  into  centimeters  by 
lines  1"*^  thick ;  thus,  the  division  lines  were  ^V  of  the  distance 
between  two  similar  .sides  of  the  centimeter  divisions.  A  thick 
spider  thread  was  selected  which  just  covered  a  division  line, 
and  therefore  was  also,  apparently^,  1°*™  thick.  By  this  simple 
device, — using  one  and  the  same  side  of  the  spider  line  as  point 
of  reference, — ^we  can  accurately  estimate  deflections  of  the 
needles  corresponding  to  j\  of  a  division  of  the  scala 

The  scale  was  2*286  meters  distant  irom  the  center  of  the  mir- 
ror, and  therefore  a  motion  of  1  division  of  the  scale  over  the 
spider  thread  corresponded  to  an  angular  deflection  of  7'  80'^ 
and  as  we  have  seen  that  j\  of  a  division  can  be  accurately 
read,  it  follows  that  we  can  determine  a  deflection  of  46''.  In 
this  paper  I  will  give  the  deflections  in 
divisions  of  the  scale,  which  can  be  con- 
verted into  minutes  of  arc  by  multiply- 
ing them  by  7*6. 

Connecting-block  is  the  name  I  give  to 
the  block  of  wood,  placed  under  the  pro- 
jecting end  of  the  magnet ;  it  has  four 
cavities  containing  mercury,  by  means 
of  which  we  make  the  various  electrical 
connections  required  in  the  experiments. 
Fig.  2  gives  a  view  of  this  block  and 
shows  tne  manner  of  making  the  con- 
nections when  the  object  is  the  measure- 
ment of  relative  electrical  resistances. 
Four  holes,  1  in.  in  diam.  and  1  in.  deep, 
separated  by  walls  '1  in.  thick  are  bored 
out  of  a  block  of  wood,  and  then  coated 
with  thick  shellac  varnish.  A,  A'  are 
the  terminal  wjres  of  one  spiral,  B,  B' 
those  of  the  other.  The  wires  to  be 
compared  are  at  E  and  F.  If  E  repre- 
sent the  standard  wire  of  a  fixed  length, 
then  the  wire  F  has  to  allow  of  its  length 
being  altered  so  that  its  resistance  may 
be  made  equal  to  that  of  E.  This  is  ar- 
ranged by  sliding  one  end  of  this  wire 
through  a  heavy  copper  clamp  (not  shown  in  the  fig.)  which  is 
fixed  in  the  mercuiy-cup  B,  while  the  other  end,  previously 
well  amalgamated,  dips  into  cup  A'. 
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The  two  spirals  I  are  firmly  clamped  together,  so  that  when 
slid  quickly  off  the  magnet  S,  they  both  have  the  same  direc- 
tion of  motion.  By  referring  to  fiff.  2,  the  directions  in  which. 
flow  the  currents,  thus  produce^  can  be  readily  followei 
Takinff  spiral  A  A',  the  current  flows  down  the  terminal  A4- 
tiirougn  the  wire  E  into  B',  thence  by  the  wire  D  through  the 
galvanometer  and  back  by  the  wire  C  to  A'—,  the  other  1^  of 
the  spiral,  thus  completing  the  circuit  In  the  case  of  the  spi- 
ral B  B',  the  current  flows  down  the  terminal  B+  through  tlie 
wire  F,  thence  by  the  wire  C  through  the  galvanometer;  re- 
turning by  D  to  Dy  thus  forming  the  circuit 

It  is  evident  that  if  the  spirals  by  themselves  generate  equal 
currents,  and  the  resistances  £  and  F  are  equal,  no  deflection  of 
the  needles  will  ensue,  for  equal  and  contrary  currents  will  tend 
simultaneously  to  traverse  the  galvanometer. 

The  manner  in  which  contacts  are  made  in  these  experiments 
is  of  great  importance.  The  double  silk  covering  of  the  wires 
is  unwrapped  to  -2  in.  from  their  ends ;  the  unwrapped  silk  is 
then  firmly  wound  over  the  end  of  the  silk  covering  and  satu- 
rated with  thick  shellac  varnish.  The  uncovered  end  of  the 
wire  is  now  scraped,  rubbed  with  nitrate  of  mercury,  and  well 
amalgamated,  up  to  the  silk  covering.  The  iron  wires  were 
amalgamated  by  dipping  their  uncovered  ends  into  sodium- 
amalgam.  Thus,  even  if  the  end  of  the  wire  should  dip  deep- 
er than  -2  in-  into  the  mercury,  the  point  of  contact  will  yet  re- 
main at  that  distance  from  the  end,  as  the  shellac  prevents  con- 
tact above  the  amalgamated  portion  of  the  wire.  The  termi- 
nals of  the  spirals  and  of  the  galvanometer  coil  were  formed  in 
the  same  manner.  One  end  of  the  wire  whose  resistance  was 
to  be  compared  to  the  standard  copper  wire,  was  uncovered  and 
well  cleaned  for  some  portion  of  its  length,  so  that  it  could  be 
drawn  through  the  heavy  copper  clamp  ui^til  its  length  equal- 
led in  resistance  the  standard  wire.  The  wires  were  then  re- 
moved and  their  lengths  accurately  measured. 

3.  Investigation  into  the  actions  which  take  place  in  the  apparatus. 

In  the  general  introductory  description  given  of  the  method,  I 
have,  for  simplicity  of  illustration,  assumed  that  when  the  two 
spirals, — similar  as  to  form,  length  of  wire  and  resistance, — ^are 
slid  off  the  magnet,  no  current  would  be  sent  through  the  gal- 
vanometer. But  this  cannot  be,  for  the  hinder  spiral  is  furmer 
on  the  magnet  than  the  other  by  06  in.  and  therefore  cuts  more 
"lines  of  magnetic  force,"  and  also,  the  two  spirals  traverse 
simultaneously  portions  of  the  field  differing  in  magnetic  in- 
tensity. 

The  following  experiments  will  exhibit  the  above  action.  I 
will  call  the  back  and  fix>nt  spirals  respectively  A  and  B. 
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They  were  reversed  on  each  other,  clamped  together  and  had 
their  terminals  dipping  in  A  and  A'  so  that  the  two  induced 
currents  would  tend  to  traverse  the  galvanometer  coil  in  oppo- 
site directions. 

The  mean  of  three  experiments  shows  that  when  the  spirals 
are  slid  off  there  is  a  deflection  of  248  div.  in  favor  of  spiral  A. 
But,  on  making  spiral  B  the  back  spiral,  the  needle  moved  8*9 
div.  in  its  fevor ;  thus  showing  that  spiral  B  offers  less  resistance 
than  A,  though  both  lengths  were  contiguous  pieces  taken  from 
the  same  sample  of  wire.  On  again  placing  A  against  the  stop, 
1  found  that  a  resistance  of  2*9  in.  of  y',  in.  wire,  when  attached 
to  one  leg  of  this  spiral,  reduced  its  action  to  ecmal  the  forward 
spiral  and  the  needle  remained  absolutely  unaffected  when  the 
spirals  were  quickly  removed  from  the  magnet 

The  following  experiments  show  the  effects  of  separating  the 
spirala  The  balanced  spirals  remaining,  in  other  respects,  as 
in  the  last  experiment,  I  separated  them  05  in.  by  intervening 
card-board ;  the  needle  was  now  deflected  105  diV.  in  favor  of 
the  back  spiral,  and  on  increasing  the  separation  to  125  in,  the 
action  of  tne  back  spiral  equalled  8*6  div.  of  the  scala 

I  have  said  above  that  the  two  opposed  currents  tend  to 
traverse  the  galvanometer  coil,  because  theoretic  considerations 
induce  me  to  hold  the  opinion  that  two  currents  cannot  simul- 
taneously traverse  a  wire  in  opposite  directions,  and  that  onlj 
the  excess  of  the  intensity  of  one  current  over  the  other  is 
really  propagated  through  the  wire. 

The  next  point  to  be  considered  is  the  mutual  inductive  ac- 
tion of  the  spirals.  The  directions  of  the  turns  in  the  spirals 
being  opposed,  and  as  the  current  in  each,  on  sliding  them  off 
the  magnet,  rises  rapidly  to  a  maximum  intensity  and  as 
(juickly  comes  to  0,  it  follows  that  they  must  exert  a  mutual 
inductive  action.  But  although  the  current  in  one  spiral  during 
the  rise  to  its  maximum  causes  an  induced  current  in  the  other 
spiral  in  the  same  direction  as  that  induced  in  it  by  the  magnet 
yet,  as  the  current  decreases  as  quickly  to  0  after  it  has  reached 
its  maximum,  it  follows  that  a  current  in  the  opposite  direction 
to  that  induced  by  the  magnet  in  the  other  spiral  will  now 
quickly  follow  it,  and  as  these  currents,  -f ,  and  —  are  equal, 
tnere  will  be  no  increased  outside  effect  arising  from  their  inter- 
action ;  and  many  experiments  showed  that  whether  a  copper 
disc  was  placed  between  the  spirals  or  an  equally  thick  disc  of 
paper,  the  action  at  the  galvanometer  was  the  same. 

The  following  experiments  on  this  subject  appear  to  confirm 

the  above  view.     Tne  two  spirals  were  placed  on  the  magnet^ 

but  only  the  front  one  was  connected  with  the  galvanometer, 

while  the  terminals  of  the  back  spiral  were  separated  so  that  no 

Am.  Joub.  8ci  — Second  Sbribs,  Vol.  L,  Na  ISQT— Nov.,  1870. 

90 


Digitized  by  VjOOQ  IC 


814      A.  AC  Mayer  on  measvring  Mectrioai  (hnditctivities. 

current  went  through  it  when  the  spirals  were  together  slid  off 
the  magnet  The  action  of  one  spiral  alone  was  sufficient  to 
deflect  the  galvanometer  needle  about  60^.  This  deflection  was 
reduced  to  1**  18'  by  placing  in  its  circuit  a  helix  of  785  ft  of 
no.  18  copper  wire ;  the  mean  of  six  experiments  (the  range  of 
which  was  only  jV  div.)  giving  104  div.  The  ends  of  the 
back  spiral  were  now  so  connected  that  an  equal  current  flowed 
througn  it  in  a  direction  the  reverse  of  the  other.  The  mean 
of  six  deflections,  produced  by  sliding  together  the  spirals  off 
the  magnet,  equalled  104  div.,  the  same  as  in  the  previous  ex- 
periment ;  thus  showing  that  the  mutual  inductive  action  of  th^ 
spirals  had  no  effect  on  the  intensity  of  the  induced  magneto- 
electric  currents. 

It  was  also  found  that  on  passing  the  induced  current  from  a 
spiral  through  another  spiral  on  which  rested  a  third  spiral 
whose  ends  were  connected  with  the  galvanometer,  that  no  de- 
flection ensued  when  the  magneto-electric  current  was  passed 
through  the  inducing  spiral 

However,  the  magneto-electric  currents  were  of  such  low  in- 
tensity that  probably  thejr  were  not  able  to  produce  an  induced 
current  in  tne  second  spiral  capable  of  d^ectin^  the  needle, 
and  that  therefore  the  experiments  here  narrated  are  of  little 
value ;  nevertheless,  I  think  the  reasoning  given  above  will  be 
supported  by  experiments  made  with  more  powerful  magnets 
and  with  laiger  spirals. 

4.  2%€  degree  of  PrecUum  of  the  method. 

The  d^ree  of  precision  of  this  special  apparatus  was  deter- 
mined in  the  following  manner.  A  copper  wire  123  ins.  long 
had  opposed  to  it  a  resistance  which  was  about  eaual  to  120 
in&  of  its  length  and  the  mean  deflection  of  the  galvanometer- 
needles  was  carefully  determined  The  copper  wire  was  now 
shortened  1  in.  and  the  deflection  again  determined ;  this  was 
repeated, — determining  the  amount  of  deflection  produced  after 
each  shortening  of  1  in., — ^until  6  in.  had  been  cut  off.  These 
experiments  showed  that  a  diminution  or  increase  of  resistance 
of  T^T  P8J^  ^  ^^^  of  the  wires  caused  a  deflection  of  4  div.  of 
the  scale,  or  of  8'  of  arc,  in  the  galvanometer-needles.  But  we 
have  seen  that  1  div.  can  be  read  on  the  scale,  therefore,  we 
can,  with  this  special  apparatus,  detect  and  measure  an  increased 
or  diminished  resistance  of  7  jy  part  But  as  the  galvanometer 
can  be  removed  to  even  twice  the  distance  at  which  we  read  its 
deflections,  I  think  I  am  safe  in  saying  that  with  this  method, 
as  applied  with  the  above  apparatus,  we  can  measure  a  dif- 
ference of  resistance  in  two  conductors  of  y  Jy  part ;  which  is  far 
within  the  variations  observed  in  different  samples  of  wires  of 
the  same  lengths  and  diameters. 
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If  a  galvanometer  formed  of  6  or  8  turns  of  *1  in.  wire  were 
used  in  connection  with  a  powerful  magnetic  battery  and  larger 
spirals  of  thicker  wire,  while  the  galvanometer  is  placed  at  a 
greater  distance,  I  have  no  doubt  tnat  a  variation  of  ttV?  P^^ 
can  thus  be  detected  and  measured. 

5.  McampUa  of  the  determinaUone  of  electrical  conducHvities  hy 

this  method. 

The  object  of  these  determinations  was  not  to  furnish  science 
with  new  and  accurate  data, — ^for  that  would  have  required  a 
careful  personal  supervision  of  the  operations  of  preparing  chem- 
ically pure  metals, — ^but  it  was  to  give  examples  setting  forth 
the  practice  of  the  method. 

I  had  prepared  "  hard-drawn "  wires,  of  No.  18  B.  W.  G. 
(=•049  in.  diam.),  of  copper,  silver,  iron,  and  German  silver. 
These  wires  were  found  to  have  the  same  diameter.  They  were 
all  covered  with  a  double  wrapping  of  silk. 

Silver. — ^The  spirals  were  balanced,  by  the  introduction  of  an 
increased  resistance  in  the  back-spiral,  so  that  no  deflection  took 
place  on  sliding  off  the  spirala  A  length  of  120  in.  of  the  sil- 
ver wire  having  been  placed  in  the  circuit  of  one  spiral,  it  was 
found  that  127  in.  of  copper  wire  were  required  in  the  other 
circuit,  in  order  to  equal  it  in  resistance.  Taking  the  copper 
wire  as  the  standard  of  comparison,  at  100,  we  have 

127:120::100::94-4a 

Matthidssen  (PhiL  Trana,  1858,  1862)  makes  the  ratio  of  the 
conductivity  of  silver  to  copper,  both  hard-drawn,  as  100:  99*95 
or  about  equality ;  but  in  my  determination  the  silver  is  5*5  per 
cent  below  the  copper.  I  therefore  suspected  impurities  in  the 
silver,  and  an  examination  of  the  wire  kindly  made  by  my  col- 
league, Dr.  Wetherill,  showed  that  it  contained  about  01  per 
cent  of  gold  and  a  trace  of  iron.  This  accounts  for  the  low 
number  found,  and  affords  a  good  illustration  of  Pouillet's  re- 
mark, that  the  purity  of  a  metal  is  most  readily  determined  by 
a  measure  of  its  electrical  conductivity.  The  electrical  test  of 
purity,  however,  exceeds  in  delicacy  the  ch^nical  examination ; 
for  a  very  minute  percentage  of  allov  causes  a  great  increase  of 
resistance,  and  if  we  could  be  sure  that  the  wire«i  we  compared 
were  in  the  same  physical  condition  as  to  annealing  or  nsuxi- 
ness,  we  could  probably  use  this  method  as  a  means  of  deter- 
mining the  percentage  of  a  hnovm  metal  which  formed  the  alloy. 
Pouillet  shows  Cmit^  de  Physiaue,  1866,  yoL  i,  p  606J  that 
silver  whose  conductivity  is  100  wnen  pure,  is  only  51  when  it 
contains  087  of  alloy,  and  is  47,  42  and  89  when  it  contains 
respectively  lOO,  148,  and  -258  of  alloy.  Pure  gold  gave  89, 
but  049  of  alloy  reduced  its  conductivity  to  18 ;  and  Jenkin 
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has  found  that  an  alloy  of  1  part  of  silver  and  2  of  gold  pre- 
sents almost  as  much  resistance  as  German  silva*. 

Iron, — ^The  three  following  determinations  were  made  of  the 
conductivity  of  the  best  quality  of  iron  wire  relatively  to  the 
standard  copper  wire. 

1)  The  resistance  of  240    ixL  of  copper  wire        =  36*7  in.  of  iron  wire. 

2)  *•  "  "  111*6  "    •*       "        *•  ^  16*16  •*    **      "       " 

;\        u  (t  it      00        ti     11  a  u  22    g.gi^  u     u       (I         a 

GKving  for  the  relative  conductivity  of  iron, 

1)  240     :  36*7      =    100  :  16*29 

2)  111*6  :  16*16    =     100  :  14*48 
;3)      60     :     8*67    =    100  :  14*46 

14*74  s  Mean. 

E.  Becquerel  (Ann.  de  CL  et  Phys.,  Ill,  xvii,  266)  gives  13*6 
for  the  conductivity  of  iron,  copper  being  100 ;  and  both  wir^ 
hard-drawn ;  while  Matthiessen  ^PhiL  Trana  1858,  1862)  deter- 
mines 16*81  as  the  conductivity  of  iron,  copper  being  100,  and 
both  hard-drawn. 

The  mean  oi  Becquerel  and  Matthiessen  =  15*20 
My  determination  =  14*74 

Difference  =      '46 

The  copper  and  iron  wires  in  (8)  were  cut  off  fix>m  the 
lengths  used  in  (2) ;  but  the  wires  used  in  (1)  were  taken  from 
parts  of  the  coils  removed  fix)m  the  lengths  (2)  and  (8).  This 
accounts  for  the  close  agreement  of  (2)  and  (8)  and  the  higher 
number  obtained  in  (1). 

My  determination  therefore  appears  to  compare  favorablv 
with  those  made  with  different  methods  bv  these  experimental- 
ists. I  say  *' appears,"  because  although  tne  copper  was  of  ex- 
cellent quality  and  the  iron  the  best  procurable,  yet  they  were 
not  chemically  examined  as  to  their  purity. 

Another  series  of  determinations  was  ootained  by  comparing 
the  lengths  of  copper  and  of  iron  wires  which  would  equal  in 
resistance  one  ana  the  same  length  of  German  silver  wire,  used 
as  a  term  of  comparison.  The  result  agreed  with  the  above 
determinations. 

6.   On  a  modification  of  the  method. 

As  long  ago  as  1832  Faraday  (Exp.  Res.  170-180)  first  ob- 
tained an  electric  current,  direcfly  inauced  by  the  earth's  mag- 
netism, by  rotating  a  closed  wire  circuit  around  an  axis  at  right 
angles  '^  to  the  line  of  the  dip ;"  an  experiment  whose  theoretic 
beauty  has  ever  been  the  admiration  oi  natural  philosophers. 

A  len^h  of  88  ft.  of  ^^  in.  insulated  copper  wire  was  wound 
into  a  coil  of  8  ft.  in  diameter,  containing  4  turns.  The  termi- 
nals of  this  coil  were  connected  by  binding  screws  with  the 
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wires  leading  to  the  galvanometer  and  the  coil  placed  in  a  plane 
at  right  angles  to  the  line  of  the  dipping  needle.  On  quickly  ro- 
tating the  coil  through  180**  the  needles  were  deflected  26**,  and 
by  making  the  rotations  correspond  in  direction  and  time  with 
the  oscillations  of  the  needle,  I  found  that  six  rotations  brought 
the  deflection  to  over  46°.  Faraday  (Exp.  Res.  202-218  and 
8146  et  seq.)  has  shown  that  the  intensities  of  the  magneto-elec- 
tric currents  induced  in  wires  of  diflferent  metals  are  as  their 
electrical  conductivities,  therefore  a  coil  of  iron  wire  similar  in 
all  respects  to  the  above  copper  coil  will  give  a  deflection  of 
about  4**  for  the  first  rotation;  but  by  increasing  the  number  of 
turns  of  the  coil  to  10  or  more  and  by  using  a  galvanometer 
with  a  shorter  and  thicker  wire  coil,  the  angle  of  deflection  can 
no  doubt  be  doubled. 

The  above  &cts  show  that  we  can  substitute  for  the  steel 
mamets,  previously  used,  the  magnetism  of  the  earth,  and  can 
replace  the  spirals  by  two  similar  coils  made  of  the  two  speci- 
mens of  wire  to  be  compared.  The  coils  are  placed  on  each 
other  so  that  their  convolutions  are  in  opposite  airections ;  and 
having  been  firmly  tied  together  their  plane  is  made  to  coincide 
with  a  direction  at  right  angles  to  the  dipping  needle,  while 
their  terminals  are  so  connected  with  the  galvanometer  tiiat  the 
currents  induced  in  the  two  coils  tend  to  traverse  it  in  opposite 
directions. 

Things  being  arranged  as  above,  it  is  evident, — as  the  wire 
coils  are  similar  in  all  other  respects, — that  if  the  conductivities^ 
of  the  wires  are  the  same,  there  will  follow  no  deviation  of  th(^ 
galvanometer  needle  when  the  coils  are  quickly  rotated  through 
180** ;  but  if  the  wire  of  one  coil  offers  a  greater  or  less  resist- 
ance than  that  of  the  other  the  needle  will  be  deflected.  B}' 
ascertaining  what  differential  actions  correspond  to  known 
differences  of  conductivity  of  coils  of  a  certain  diameter,  num- 
ber of  turns  and  thickness  of  wire,  we  can,  by  always  usin^^ 
similar  coils  in  these  relative  measures,  ascertain  what  difference 
in  relative  conductivity  corresponds  to  a  certain  angle  of  de- 
flection ;  the  chords  of  these  angles,  or,  the  sines  of  half  of  the 
angles,  being  te  each  other  as  the  intensities  of  the  currents. 

Minute  differences  of  resistance  in  the  two  coils  may  be  made 
to  cause  a  deflection  in  the  galvanometer  needle  by  knowing 
the  time  of  its  oscillation,  and  by  reversing  the  motion  of  rota 
tion  of  the  coils  so  as  to  correspond  to  the  swing  of  the  needle ; 
thus  after  several  reversals  a  motion  is  given  to  the  needle 
which  could  not  have  been  observed  after  a  single  rotation. 

In  point  of  ready  application, — and  especially  in  reference  to 
the  determination  of  the  resistances  of  lengthy  conductors,—  ! 
doubt  whether  this  method  will  be  generally  adopted ;  but  afi;cr 
the  conception  of  the  idea  it  appeared  worth  investigating ;  this 
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I  have  done,  and  have  thus  developed  at  least  any  yalue  it  may 
possesa     It  certainly  presented  an  interesting  problem  and  the 
pleasure  afforded  in  its  solution  has  repaid  me  for  the  consid- 
erable labor  which  it  required, 
a  Bethlehem,  Pa.,  July  16,  1810. 


Art.  XXX. — On  the  supposed  absence  o/ffie  Northern  Drifi  from 
the  Pacific  Slope  of  the  Bodcy  Mountains;  by  Dr.  BoBSBT 
Brown,  M.A.,  F.RG.S.,  etc,  Edinburgh,  Scotland. 

Ik  some  interesting  remarks  addressed  to  the  California 
Academy  of  Sciences  on  the  4th  of  June,  1868,  and  published 
in  their  *  Proceedings  *  for  that  year  (voL  iii,  pp.  271,  272),  Pro- 
fessor J.  D.  Whitney  denies  that  there  is  any  true  Northern 
Drift  within  the  State  of  California.  "  Our  detrital  materials," 
the  learned  Professor  remarks,  "  which  often  form  deposits  of 
ffreat  extent  and  thickness,  are  invariably  found  to  have  been 
dependent  for  theu'  origin  and  present  position  on  causes  simi- 
lar to  those  now  in  action,  and  to  have  been  deposited  on  the 
flanks  and  at  the  bases  of  the  nearest  mountain  ranges  by  cur- 
rents of  water  rushing  down  their  slopes.  While  we  nave  abun- 
dant evidence  of  the  former  existence  of  extensive  glaciers  in 
the  Sierra  Nevada,  there  is  no  reason  to  suppose  that  this  ice 
was  to  anv  extent  an  effective  agent  in  the  transportation  of 
the  superficial  detritus  now  resting  on  the  flanks  of  the  moxm- 
taina  The  glaciers  were  confined  to  the  most  elevated  portions 
of  the  mountains,  and  although  the  moraines  which  they  have 
left  as  evidences  of  their  former  extension  are  often  large  and 
conspicuous,  thev  are  insignificant  in  comparison  with  the 
detntal  masses  formed  by  aqueous  ax)sion.  ITiere  is  noAing 
anywhere  in  California  which  indicates  a  general  glacial  epoch  dur- 
ing which  ice  covered  the  whole  country,  and  nuwed  bodies  of  detri- 
tus over  the  surface  independently  of  its  present  configuration, 
as  is  seen  through  the  Northeastern  States." 

Mr.  Whitney  goes  on  to  observe  that  the  same  condition  of 
things  prevails  m  Nevada  and  Or^on,  the  detritus  seeming 
always  to  be  accumulated  at  the  base  of  the  mountains.  Fur- 
ther, fix)m  the  observations  of  Messrs.  Ashbumer  and  Dall,  he 
lemarks  that  "it  would  appear  that  no  evidences  of  a  North- 
em  Drift  have  yet  been  detected  on  this  (Pacific)  coast,  even  as 
Jar  north  as  British  Columbia  and  Russian  America  (Alaska). 
Neither  of  these  gentlemen  has  observed  any  indication  of  a 
transportation  of  orift  materials  from  the  north  toward  the  south, 
or  any  condition  of  things  similar  to  that  which  must  have 
existed  in  the  Eastern  States  during  the  diluvial  epoch."    Mr, 
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W.  H.  Dall,  the  gentleman  referred  to  in  the  foregoing  .extract, 
(and  well  known  to  the  readers  of  this  Journal  as  one  of  the 
most  active  and  observant  of  the  staff  of  Naturalists  attached 
to  the  Collins  Overland  Telegraph  Expedition),  follows  suit  to 
these  observations  of  Professor  Whitney  by  declaring,  in  a 

Eaper  published  in  this  Journal  for  January,  1868,  that  though 
e  had  carefully  examined  the  country  over  which  he  had 
passed,  in  Alaska,  for  glacial  indications,  he  had  not  found  any 
effects  attributable  to  such  agenciea  His  own  opinion,  indeed, 
fh)m  what  he  had  seen  of  the  west  coast,  though  yet  unproved^ 
was  that  the  glacier-field  never  extended  in  these  r^ons  to  the 
westward  of  the  Rocky  Mountains,  though  single  gmciers  have 
existed  and  still  exist  between  spurs  of  the  mountains  which 
approach  the  coast  No  boulders,  according  to  Mr.  Dall,  such  as 
are  common  in  New  England,  no  scratches  or  other  marks  of 
ice  action  had  been  observed  by  any  of  his  party,  though  care- 
fully looked  for. 

It  is  this  general  theory  of  the  absence  of  the  Northern  Drift 
in  Northwestern  America  that  I  propose  combating  in  the  re- 
marks which  follow,  and  I  do  so  with  extreme  diffidence,  know- 
ing well  fh)m  old  experience  the  care  and  caution  with  which 
Prof  Whitney  has  proceeded  in  his  remarkable  geological  sur- 
vey of  California,  as  well  as  in  his  earlier  work  on  the  shores  of 
Lake  Superior.  For  this  reason  I  wiU  speak  only  of  what  I 
know  from  personal  knowledge  of  the  distncts  visited  by  myself, 
calling  in,  however,  the  observations  of  others  as  corroboration 
of  my  statements. 

As  fer  ■  as  Alaska  and  California,  and  even  Oregon  and 
Washington  Territory,  are  concerned,  I  must  leave  uie  ques- 
tion of  glacial  remams  within  their  bc»undaries,  to  observers 
more  intimately  acquainted  with  their  country  than  I  am,  though 
I  have  a  strong  inclination  to  believe  that  what  I  say  about 
other  portions  of  the  Pacific  coast  will  hold  eaually  ffood  regard- 
ing them  also.  I  have  certainly  visited  and  traveled  through 
Cdifomia,  and  have  been  in  some  portions  both  of  Oregon  and 
Washington  Territory,  and  on  the  borders  of  Alaska,  yet  my 
knowledge  of  these  countries  does  not  entitle  me  to  dispute 
statements  so  explicitly  made  by  such  excellent  observers  as 
those  cited.  But  with  the  coast  of  British  Columbia  and  the 
whole  of  Vancouver  Island  I  am  very  intimately  acquainted — 
perhaps  more  intimately  than  any  other  single  individual — 
and  can  speak  positively  r^arding  the  marked  presence  of 
true  Northern  Drift  there,  so  that  with  every  respect  to  the 
opinion  of  so  distinguished  a  geologist  as  Prof  Whitney,  I  am 
compelled  to  dissent  from  his  theory  regarding  the  entire  ab- 
sence of  glacial  remains  proper,  from  the  Pacific  slope  of  the 
Rocky  Mountains. 
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Between  1868  and  1866 — ^nearly  four  years — ^I  traveled  on 
foot  and  in  canoes,  through  the  forests,  over  the  monntams,  on 
the  rivers,  the  lakes  and  the  prairies  of  the  whole  of  the  rwon 
indicated,  as  Commander  and  Government  Agent  of  the  First 
Vancouver  Exploring  Expedition,  and  as  Botanist  of  the  Brit- 
ish Columbia  Expedition.  Again  I  have  three  times  visited 
the  Arctic  Regions,  passing  a  whole  summer  in  Greenland, 
studying  these  and  other  similar  phenomena,  and  have  for  many 
years  been  very  familiar  with  the  remains  of  the  Northern  Drift 
m  Scotland,  the  north  of  England  and  portions  of  the  north  of 
Europe.  These  personal  particulars  are  mentioned  to  show 
that  I  am  in  a  position  to  know  glacial  remains  when  found, 
and  to  distinguish  them  fix)m  the  ordinary  terrestrial  debris  ac- 
cumulated by  causes  now  in  action  in  the  temperate  countries 
where  formea  The  result  of  these  extended  ooservations  has, 
therefore,  been  to  confirm  me  in  an  opinion  entirely  contrary  to 
that  expressed  by  Messra  Whitney,  Ashbumer  and  Dall,  viz : 
that  so  far  from  the  Northern  Drift  being  absent  from  Vancou- 
ver Island  and  British  Columbia,  it  is  present  in  as  marked  a 
manner  as  ever  I  saw  it  in  countries  celebrated  for  the  presence 
of  such  remaina  This  opinion  I  casually  expressed  in  1869  in 
a  memoir  entitled  Das  Innere  der  Vancouver  insel^  published  in 
the  volumes  of  Petermann^s  Qeographische  Mittheilunaen  for  that 
year,  and  more  recently  and  more  explicitly,  in  another.  On  the 
Physical  Characteristics  and  Geographical  IHstribution  of  the  Coal 
Fields  of  Northwest  America  (Transactions  of  the  Geological  So- 
ciety of  Edinburgh,  1868-69).  As  that  statement  has  been  in- 
clined to  be  called  in  question — scientific  sceptics  not  unreason- 
ably considering  that  a  doctrine  promulgated  by  so  eminent  a 
geologist  as  Prof  Whitney  is  entitled  to  fiirther  consideration, 
man  a  mere  curt  denial  of  its  truth,  I  have  considered  it  proper 
to  present  in  a  concise  manner  in  this  place  the  fects  on  which 
I  base  my  disbelief  in  its  truth.  As  early  as  1860,  Mr.  Henry 
Bauermann,  geologist  of  the  British  Northwest  Boundary  Com- 
mission, made  many  observations  on  this  subject ;  and  subse- 
quently, in  1862,  in  a  Prize  Essay  on  Vancouver  Island^  its  resour- 
ces and  capabilities  as  a  Colony  (Victoria,  1862),  Dt.  Charles 
Forbes,  RN.,  published  similar  fiicts,  which  my  own  researches 
have  only  tended  to  confirm  and  enlarge,  over  a  greater  area. 
Dr.  Forbes  showed,  what  is  familiar  to  every  one  visiting  that 
section,  that  in  the  whole  southern  portion  of  the  Island,  mough 
from  the  open  prairie-like  character  of  some  portions  of  ike 
southeastern  section  it  is  there  earlier  observed  than  in  the 
wooded  districts,  the  scooping,  grooving,  and  scratching  of  the 
rocks  by  ice  action  is  very  marked.  The  chief  rock  m  situ 
there  is  a  dense,  hard,  feldspathic  trap,  and  this  is  ploughed  in 
many  places  into  ftirrows  six  to  eight  inches  deep,  and  &om  six 
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to  eighteen  inclies  wide.  The  ice  action  is  also  well  shown  in 
the  Siarp  peaks  of  the  erupted,  intruded  rocks,  having  been 
broken  oS  and  the  surface  smoothed  and  polished,  as  well  as 
grooved  and  furrowed,  by  the  ice  action  on  a  sinking  land,  giv- 
ing to  the  numerous  promontories  and  outlying  islands  which 
here  stud  the  coast,  tne  appearance  of  rounded  bosses  between 
which  the  soil  is  found  to  be  composed  of  sedimentary  alluvial 
deposits,  containing  the  debris  of  tertiary  and  recent  shelly 
beaches,  which  have,  after  a  period  of  depression,  been  again 
elevated  to  form  dry  land,  and  to  give  the  present  aspect  to  the 
physical  geography  of  Vancouver  Island. 

The  whole  surface  of  the  country  is  strewn  with  erratic  boul- 
ders. Great  masses  of  60  to  100  tons  in  weight, — chiefly  of 
various  igneous  and  crystalline,  as  well  as  sedimentary  rocks, 
sufficiently  hard  to  bear  transportation, — are  found  scattered 
everywhere  over  the  island  from  north  to  south,  and  through 
the  region  lying  on  the  western  slope  of  the  Cascade  Moun- 
tains. Some  of  these  syenitic  or  granitic  boulders  are  of  a  fine 
grain  and  accordingly  some  of  the  chief  buildings  in  Victoria 
are  built  from  them.  I  am  not  aware  that  any  rock  of  a  simi- 
lar description  is  found  in  situ  anywhere  in  Vancouver  Island; 
it  appears  to  have  drifted  in  icebergs  fipom  the  nortL  I  am 
confiaUy  of  opinion  with  Dr.  Forbes,  that  though  the  last  up- 
heaval of  the  land,  which  might  have  taken  place  at  a  geologi- 
cally recent  period,  failed  to  connect  Vancouver  Island  with 
the  mainland  of  North  America ;  it  was  at  all  events  sufficient 
to  effect  to  a  great  extent,  the  junction  of  numerous  insular 
ridges,  and  thus  to  form  a  connected  whole  of  what  vxis^  and 
might  have  continued  to  be,  only  an  archipelago  of  scattered 
islet&  The  upheaving  force  elevated  and  connected  these  and 
brought  to  the  surface,  the  great  clay,  gravel  and  sand  deposits 
of  the  northern  Drift  which  nad  swept  over,  and  been  deposited 
on,  the  submerged  land.  These  sands,  gravels  and  clays,  were 
now  to  form  the  soil  of  land,  prepared  for  the  habitation  of  naan. 
These  constituents  of  the  drift  remain,  in  many  parts,  thinly 
covered  by  a  coating  of  vegetable  mould ;  but  much  has  been 
washed  away.  The  clay  remains  most  generally  and  widely 
spread  out,  as  a  retentive  sub-soil,  having  resting  upon  it  a  thick 
coating  of  v^etable  mould.  The  most  valuable  soil  is  found 
sweeping  down  the  sides  of  gentle  slopes,  filling  up  hollows  and 
swampy  bottoms,  and,  mixed  with  the  rich  alluvial  deposits  of 
such  districts  as  Saanich,  Cowitchan,  Delta  of  Nanaimo,  and 
Comax,  forms  an  inexhaustible  source  of  agricultural  wealth. 
The  true  glacial  or  boulder  clay  is  found  in  various  portions  of 
Vancouver  Island.  Bauermann  has  described  it  as  seen  near 
Victoria,  and  I  am  glad  to  be  able  to  vouch  for  the  correctness 
of  his  description:  it  is  extensively  developed  not  only  there 
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but  on  the  opposite  coasts  of  Washington  Territoiy  and  British 
Columbia,  in  the  neighborhood  of  Esauimault  and  Victoria, 
the  rocks  are  deeply  scored  and  groovea  along  the  shore,  and 
large  boulders  are  scattered  irr^ularly  over  the  surfiEu^  of  the 
country,  as  already  described.  The  other  rocks  observed  as 
erratics  were  black  cherty  conglomerate,  similar  to  that  under- 
lying the  secondmes,*  dark  laminated  mica  schist  with  well 
defined  garnet-crystals,  hornblende  rock  and  largely  crystaUine 
greenstone,  and  rarely  and  in  small  masses  vesicular  obsidian 
and  pitchstoncL 

The  following  section  is  given  to  show  the  general  character 
of  the  drift,  at  Esquimatdt  Harbor. 

Black  saodj  and  peaty  ground  with  brdcen  shells 2  lo6  feai 

YeUowish  sandy  day  with  oasts  of  sheila  (Oardium  and  Mya)  and  a  few 

pebbles  and  boulders 6I08   ** 

Oravel  of  scratched  pebbles  resting  on  rock 2  to3    ** 

The  rocks  are  grooved  and  scratched  at  the  junction ;  the  di- 
rection of  the  g&cial  markings  is  between  N.-S.  and  N.N.W- 
S.S.E.  In  a  well  sinking  at  Esquimault  Barracks  (for  the 
boundary  Commission)  the  lower  gravel  was  reached  at  42  feet, 
after  going  through  a  sandy  blue  clay  without  shells  or  boul- 
dera  The  section  in  tiie  cuff  between  Albert  Head  and  Esqui- 
mault  is  as  follows : — 

Blue  drift  day  with  boulders ;  junction  with  rode  not  seen, 70  feet 

Fine  sand  and  gravel,  passing  upward  into  coarse  quartzose  gravel,  100-120  ^ 
— Qwirt  J&wik  ofl/md,  OeoL  Soe.^  1860,  p.  202. 

Mr.  Bauermann  is,  or  at  least  was,  at  the  period  his  observa- 
tions were  made,  a  member  of  the  Geological  Survey  of  the 
British  Islands,  and  therefore  might  be  supposed  to  know  what 
he  was  speaking  about  I  say  so  because  though  I  have  been 
able  to  confirm  all  his  descriptions,  yet  it  is  satisfactory  in  a 
subject  of  controversy  involving  so  many  important  matters  to 
have  the  support  of  an  additional  qualified  witness. 

As  already  remarked,  I  cannot  speak  so  confidently  of  Wash- 
ington Territory,  Or^on,  and  the  mterior  of  British  Columbia 
to  the  east  of  the  Cascade  Mountains,  being  less  familiar  widi 
that  section  of  the  Pacific  slopa  However,  through  western 
Oregon  wherever  I  visited  the  country,  down  at  least  to  the 
Umpqua  river,  and  in  Washington  Territoiy  to  the  very  base 
of  tne  Cascades,  whatever  Airther,  I  observed  glacial  remains 
not  less  marked  than  in  the  neighboring  region  of  Vancou- 
ver Island.  Some  of  the  erratic  blocks  are  scattered  over 
the  prairies  of  that  region,  standing  on  the  stoneless  grassv 
plains  in  marked  contrast  to  their  surroundings.     These  boul- 

*  *'  Tertiarics,"  Mr.  Bauermann  says,  but  if  he  refers  to  the  Northern  coal  flelHs 
of  the  island,  then  tiiere  can  be  but  little  doubt  that  these  beds  are  as  I  have  giren 
them,  here  aod  elsewhere,  of  secondary  age. 
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ders  and  erratic  blocks*  have  even  attracted  the  notice  of  the  In- 
dians—otherwise so  stolid  in  regard  to  the  natural  objects  among 
which  thej  liva  One  huge  angular  block,  on  the  Snoqualami 
Prairie,  has  a  tradition  attached  to  it,  to  the  effect  that  at  one 
time  it  was  suspended  from  the  sky  but  was  cast  adrift  to  earth 
on  account  of  tne  wrath  of  the  Supreme  Being,  being  roused  at 
the  licentiousness  of  a  minor  god  and  his  myrmidons  who  for  the 
time  being  were  disporting  themselves  on  it  I  Not  fer  from  the 
comer  of  the  Peninsula  of  Saanich  off  the  coast  of  Vancouver's 
Island,  there  are  several  large  boulders — (apparentlv  rounded  by 
the  waves  and  not  by  ice  action  ?)  which  aborigmal  tradition 
assert  to  have  been  some  old  witcnes  turned  into  stone.  My 
canoe-men  in  passing  them  used  not  unfrequently  to  stop  there, 
and  throw  water  on  them,  shouting :  "  Give  us  a  wind,  you  old 
jade !"  and  as  occasionally  an  afternoon  breeze  does  not  spring 
up  in  that  region  after  the  midday  summer  calms,  the  supersti- 
tion obtained  with  them  a  semblance  of  belief,  and  so  got  handed 
on  to  posterity  clothed  in  all  the  hoary  sanctity  of  antiquity. 

Groovings  and  other  unequivocal  marks  of  aeneral  ice  action 
are  not  wanting  in  Washington  Territory  either.  Even  with 
the  superficial  glance  we  were  enabled  to  give  the  subject  in 
hurried  journeys  over  that  region,  for  other  purposes,  we  observ- 
ed not  a  few  of  such  deep  unmistakable  ice  planings.  And  in 
a  note  received  recently  from  my  friend  and  former  traveling 
companion,  Mr.  Edmund  T.  Coleman,  (well  known  as  the  author 
of  the  folio  "  Scenes  from  the  Snow  Fields  of  Mont  Blanc,"  and 
who  may  therefore  be  supposed  to  know  ice  markings)  he  states, 
though  with  no  view  to  combating  the  theory  in  hand,  which 
indeed  he  knew  nothing  about : — 

"  I  saw  at  Seahome  ^^ear  Bellingham  BayJ  in  the  cuttings 
made  for  a  tramway,  the  finest  instances  of  fluting  and  groov- 
ing, evidences  of  glacial  action,  that  I  have  ever  seen  on  this 
coast  They  were  90  feet  in  length,  running  N.  and  S.  accord- 
ing to  the  theory  of  Professor  Agassiz." 

I  have  not  been  in  Alaska  proper,  but  in  1866  in  a  visit  to 
the  Queen  Charlotte  Islands  lyinff  some  thirty  or  forty  miles  off 
the  northern  coast  of  British  Columbia,  close  to  the  southern 
boundary  of  the  former  territory,f  marks  of  the  northern  Drift 
quite  as  marked  as  in  Vancouver's  Island  were  found  there. 

Indeed  in  crossing  the  "  spit "  at  the  entrance  of  Skidegate 

*  By  "  boulders "  I  mean  to  designate  rounded  worn  blocks  of  stone  carried 
along  in  the  fryoraAM  frofonde  of  tlie  ice  sheet;  bj  "  erratic  blocks,**  angular  fhig* 
ments  of  rook,  apparently  oonveyed  to  their  present  resting  place  in  ice  (field  ioe 
or  bergs)  without  having  been  subject  to  erosion.  The  necessity  of  the  division  is 
apparent  The  first  is  very  rare  on  the  Pacific  coasts  and  I  suspect  part  of  local 
moraines;  the  other  is  universal 

J  I  have  described  their  geography  in  the  Proceedings  of  the  Boyal  Gkograph- 
Sodety  of  London,  for  1869.    Some  remarks  on  their  geology  will  likewise  be 
found  in  the  same  place. 
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Sound,  we  had  a  dangerous  reminder  of  the  fact,  having  lost 
the  keel  of  our  schooner,  on  one  of  the  great  boulders  which 
cover  that  locality.  Masset  Spit  and  other  shoal  localities  are 
equally  dangerous  on  that  account  Here  they  present  them- 
selves disagreeably  to  the  seaman's  senses,  but  on  land,  though 
less  visible  on  account  of  the  dense  vegetation  concealing  th^n, 
yet  to  one  accustomed  to  search  for  such  things,  traveled  blocks 
and  ice  groovings  are  sufficiently  abundant  Boulder  clay  is 
also  not  wanting  to  complete  the  tale  of  the  glacial  period  in 
Northwest  America. 

All  throughout  this  paper  I  have  sedulously  avoided  touch- 
ing upon  the  modem  local  glaciers  which  are  found  scattered 
all  throughout  the  northern  portion  of  the  Cascade  and  Coast 
Ranges  of  Mountains,  in  some  places  (as  in  some  of  the  north- 
ern inlets  on  the  coast  of  British  Columbia)  approaching  to 
within  a  short  distance  of  the  sea ;  and  in  the  southern  part  of 
the  latter  range  they  are  found  in  most  of  the  high  mountains, 
such  as  Mt  Baker,  Diamond  Peak,  etc.  Li  another  place,  "  On 
the  formation  of  Fjords,  etc."*  I  have  shown  that  in  all  likelihood 
these  British  Columbian  inlets  were  at  one  time  the  site  of  gla- 
ciers, and  though  the  marks  of  local  glaciers  are  evident  here  and 
there  where  none  are  now  found,  vet  the  appearances  d^cribed 
are  due  to  a  totally  diflferent  set  or  causes  fix)m  these,  or  any  now 
in  existence  on  the  American  continent,  unless  indeed  Green- 
land be  included  under. that  geographical  division.  These  local 
glaciers  in  the  limits  assigned  to  a  paper  of  this  nature  do  not 
therefore  require  to  be  further  touched  upon. 

Am  I  therefore  in  error,  when  I  think  that  the  case  I  have 
submitted,  makes  good  the  thesis  with  which  I  commenced 
these  remarks,  viz : — that  whatever  may  be  said  of  California 
and  Alaska  (and  Messrs.  Whitney  and  Dall  are  quite  capable 
of  holding  their  own  in  reference  to  their  assertions  about  these 
regions),  the  Northern  drift  is  certainly  not  absent  from  Brit- 
ish Columbia,  Vancouver's  Island,  Washington  Territory  and 
the  Queen  Charlotte  Islands?  With  every  respect  to  the  ob- 
servations of  the  gentlemen  named,  my  more  extended  oppor- 
tunities of  investigation  have,  I  think,  enabled  me  to  answer, 
with  some  degree  of  certainty,  this  question  in  the  n^ativa 
Perhaps  I  would  not  have  been  so  particular  in  discussing  this 
question  at  length,  had  not  Prof  Whitney's  and  Mr.  Ball's  idea 
been  taken  up  in  this  countiy,  and  in  America  by  geologists  of 
no  mean  emmence,f  and  a  disposition  been  shown  by  others 
less  capable  to  build  thereon  theories,  where  no  theories  ought 
to  be  built 

4  Oladstone  Terrace,  Hope  Park,  Edinburgh,  June  2Sd,  1870. 

*  Journal  of  the  Royal  Geographical  Society,  vol  zxxiz. 

t  Foster  m  *♦  Mississippi  Valley,"  p.  338,  and' A.  Gteikie  m  "  Nature,"  roL  i,  p.  436. 
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Art.  XXXI. — Extracts  from  the  Address  q/"  George  Bentham, 
Esq.,  President  of  the  Linnean  Society,  on  the  20th  of  May, 
1870. 

It  had  been  mv  intention  on  the  present  occasion  to  carry  on 
the  sketches  of  the  general  progress  of  biological  science  which 
I  had  attempted  in  1862,  1864,  1866,  and  1868;  but  I  have, 
from  various  causes,  been  unable  to  devote  so  much  time  as 
usual  to  the  preparation  of  my  Address,  and  feel  obliged  to 
confine  myself  to  a  few  points  connected  with  subjects  of  spe- 
cial interest  to  myself,  which,  within  the  last  two  or  three  years, 
have  made  considerable  advances. 

The  most  striking  are,  without  doubt,  the  results  obtained 
from  the  recent  explorations  of  the  deep-sea  faunas,  and  from 
the  investigation  of  the  tertiary  deposits  of  the  arctic  regions, 
which,  although  aflFecting  two  very  different  branches  of  natu- 
ral science,  I  here  couple  together,  as  tending,  both  of  them,  to 
elucidate  in  a  remarkable  de^ee  one  of  the  most  important 
among  the  disputed  questions  m  biological  history,  the  contin- 
uity of  life  through  successive  geological  periods. 

An  excellent  general  sketch  of  the  first  discovery  and  pro- 
gressive investigation  of  animal  life  at  the  bottom  of  the  sea  at 
great  depths,  up  to  the  close  of  the  season  of  1868,  is  given  by 
Dr.  Carpenter  m  the  Proceedings  of  the  Royal  Society,  vol 
xvii.  No.  107,  for  Dea  17,  1868.  The  results  of  the  still  more 
important  expedition  of  the  past  year  have  as  yet  been  only 
generally  stated  by  Mr.  Gwyn  Jeffreys,  in  the  numbers  of  *  Na- 
ture '  for  Dec  2  and  9,  1869,  and  by  Dr.  Carpenter,  in  a  lecture 
to  the  Royal  Institution,  published  in  the  numbers  of  *  Scien- 
tific Opinion '  for  March  23  and  80  and  April  6  and  18  of  the 
present  year ;  and  further  details,  as  to  the  Madreporaria,  are 
given  by  Mr.  Duncan  in  the  Proceedings  of  the  Royal  Society, 
voL  xviii,  No.  118,  for  March  24  of  the  present  year ;  whilst, 
in  North  America,  the  chief  conclusions  to  be  drawn  from  these 
researches  into  the  deep-sea  fauna  are  clearly  and  concisely  enu- 
merated by  Prof  Verrill,  in  the  American  Journal  of  Science  for 
January  last;  and  some  of  the  more  detailed  reports  of  the 
American  explorations,  by  Louis  and  Alexander  Acassiz  and 
others,  have  been  published  in  the  Bulletin  of  the  Museum  of 
Comparative  Zoology  at  Harvard  College,  Nos.  6,  7,  and  9  to 
13.  For  the  knowledge  of  the  data  furnished  by  the  tertiary 
deposits  of  the  arctic  r^ons  we  are  indebted  almost  exclusively 
to  the  acute  observations  and  able  elucidations  of  Prof  0. 
Heer,  in  his  *  Flora  Fossilis  Arctica,*  in  his  paper  on  the  fossil 

!)lants  collected  by  Mr.  Whymper  in  Nortn  Greenland,  pub- 
ished  in  the  last  part  of  the  rhilosophical  Transactions  for 
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1869,  and  in  the  as  vet  only  short  general  sketch  of  the  results  of 
the  Swedish  Spitzoe^en  Expeditions,  contained  in  the  Gene* 
vese  *  Bibliotheque  LJniverselle,  Archives  Scientifiques,'  for 
Dec.  1869. 

It  would  be  useless  for  me  here  to  retrace,  after  Dr.  Carpen- 
ter and  Prof.  Verrill,  the  outlines  of  the  revolution  which  tnese 
marine  discoveries  have  caused  in  the  previoualy  conceived  the- 
ories, both  as  to  the  geographical  distribution  of  marine  ani- 
mals, and  the  relative  influences  upon  it  of  temperature  and 
depth,  and  as  to  the  actual  temperature  of  the  deep  seas,  or  to 
enter  into  any  details  of  the  enormous  additions  thus  made  to 
our  knowledge  of  the  diversities  of  organic  life ;  and  it  would 
be  still  ftirther  fix>m  my  province  to  consider  the  geological 
conclusions  to  be  drawn  ttom  them.  My  object  is  more  espe- 
cially to  point  out  how  these  respective  dips  into  the  eariv  his- 
tory of  marine  animals  and  of  terrestrial  forests  have  a£K>rded 
the  strongest  evidence  we  have  yet  obtained,  that  apparently 
unlimited  permanency  and  total  change  can  go  on  aide  by  side, 
without  reauiring  for  the  latter  any  general  catastrophe  that 
should  preclude  tne  former. 

There  was  a  time,  as  we  learn,  when  our  chalk-diflfe,  now 
high  and  dry,  were  being  formed  at  the  bottom  of  the  sea  bv 
the  gradual  growth  and  decay  of  Globigerinse  and  the  animals 
that  fed  on  them — amongst  others,  for  instance,  Bhizocrintis 
and  TerebratiUina  capvi-servmtis;  and  when,  at  a  later  period, 
the  upheaval  of  the  ground  into  an  element  where  these  animals 
could  no  longer  live  arrested  their  progress  in  that  direction, 
they  had  already  spread  over  an  area  suflSciently  extensive  for 
some  part  of  their  race  to  maintain  itself  undisturbed ;  and  so, 
on  from  that  time  to  the  present  day,  by  gradual  dispersion  or 
migration,  in  one  direction  or  another,  the  same  Khizocrinus 
and  Terebratulina  have  always  been  in  possession  of  some  genial 
locality,  where  they  have  continued  from  generation  to  genera- 
tion, and  still  continue,  with  Globigerinee  and  other  animals, 
forming  chalk  at  the  bottom  of  the  sea,  unchanged  in  structural 
character,  and  rigidly  conservative  in  habits  and  mode  of  life 
through  the  vast  geological  period  they  have  ¥ritnessed.  So 
rfso  there  was  a  tmie  when  the  hill-sides  of  Greenland  and 
Spitzbergen,  now  enveloped  in  never-melting  ice  and  snows, 
were,  under  a  genial  climate,  clothed  with  forests,  in  which 
flourished  Taxodium  distichum  (with  SequmXy  Magnolios^  and 
when  at  a  later  period  these  forests  were  d!estroyed  by  the  gene- 
ral refrigeration,  the  Taxodium  already  occupied  an  area  exten- 
sive enough  to  include  some  districts  in  which  it  could  stUl  live 
and  propj^te;  and  whatever  vicissitudes  it  may  have  met 
with  in  some  parts,  or  even  in  the  whole,  of  its  original  area, 
it  has,  by  gradual  extension  and  migration,  always  found  some 
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spot  where  it  haa  gone  on  and  thriven,  and  continued  its  race 
from  generation  to  generation  down  to  the  present  day,  un- 
changed in  character  and  unmodified  in  its  i^pquirements.  In 
both  cases,  the  permanent  animals  of  the  deep-sea  bottom  and 
the  permanent  trees  of  the  terrestrial  forests  have  witnessed  a 
more  or  less  partial  or  complete  change  in  the  races  amongst 
which  they  were  commingled  Some  of  these  primitive  associ- 
ates, not  endowed  with  tne  same  means  of  dispersion,  and  con- 
fined to  their  original  areas,  were  extinguished  by  the  geological 
or  climatological  changes,  and  replaced  by  other  races  amongst 
which  the  permanent  ones  had  penetrated,  or  by  new  immi- 
grants fipom  other  areas ;  others,  again,  had  spread  like  the  per- 
manent ones,  but  were  less  fitted  for  the  new  conditions  in 
which  they  had  been  placed,  and  in  the  course  of  successive 
generations  had  been  gradually  modified  by  the  Darwinian  pro- 
cess of  natural  selection,  the  survival  of  the  fittest  only  among 
their  descendants.  If,  in  after  times,  the  upheaved  sea-bottom 
becomes  again  submerged,  the  frozen  land  becomes  again  sidted 
for  v^etation,  they  are  again  respectively  covered  with  marine 
animak  or  vegetable  life,  derived  irom  more  or  less  adjacent 
r^ions,  and  more  or  less  different  fi'om  that  which  they  origin- 
ally supported,  in  proportion  to  the  lapse  of  time  and  extent 
of  physical  changes  which  had  intervened.  Thus  it  is  that  we 
can  perfectly  agree  with  Mr.  Duncan,  that  "  this  persistence  (of 
type  and  species  through  ages,  whilst  their  surroundings  were 
changed  over  and  over  again)  does  not  indicate  that  there  have 
not  been  suflScient  physical  and  biological  changes  during  its 
lasting  to  alter  the  face  of  all  things  enough  to  give  geologists 
the  right  of  asserting  the  succession  of  several  periods :"  but 
we  can,  at  the  same  time,  feel  that  Dr.  Carpenter  is  in  one  sense 
justified  in  the  proposition,  that  we  may  be  said  to  be  still  living 
in  the  Cretaceous  period.  The  chalk  formation  has  been  going 
on  over  some  part  of  the  North  Atlantic  sea-bed,  firom  its  first 
commencement  to  the  present  day,  in  unbroken  continuity  and 
unchanged  in  character. 

If  once  we  admit  as  demonstrated  the  coexistence  of  indefi- 
nite permanency  and  of  gradual  or  rapid  change  in  difierent 
races  in  the  same  area,  and  under  the  same  physical  conditions, 
according  to  their  constitutional  idiosyncracies,  and  also  that 
one  and  the  same  race  may  be  permanent  or  more  or  less  <^hang' 
ing,  according  to  local,  climatological,  or  other  physical  condi- 
tions in  which  it  may  be  placed,  we  have  removed  one  of  the 
great  obstacles  to  the  investigation  of  the  history  of  races,  the 
apparent  want  of  uniformity  in  the  laws  which  r^ulate  the 
succession  of  forms.  We  may  not  only  trace,  with  more  confi- 
dence, such  modifications  of  race  through  successive  geological 
periods  as  Pro£  Huxley  has  recently  exhibited  to  us  in  respect 
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of  the  Horse,  but  we  can  understand  more  readily  the  absolute 
identity  of  certain  species  of  plants  inhabiting  widely  dissev- 
ered areas,  of  which  the  great  majority  of  species  are  more  or 
less  different  One  of  the  arguments  brought  forward  against 
the  community  of  origin  of  representative  species  in  distant 
regions,  such  as  temperate  Europe  and  the  Australian  Alps, 
the  Arctic  Circle  ana  Antarctic  America,  the  Eastern  United 
States  and  Japan  respectively — ^an  argument  which  has  long 
appeared  to  me  to  have  considerable  weight — ^was  this : — ^if  dis- 
severance and  subsequent  isolation  result  necessarily  in  a  grad- 
ual modification  by  natural  selection,  how  is  it  that  when  all 
are  subjected  to  the  same  influences,  the  descendants  of  some 
races  have  become  almost  generically  distinct  in  the  two  r^ons, 
whilst  others  are  universally  acknowledged  as  congeners,  but 
specifically  distinct,  and  others  again  are  only  slight  varieties 
or  have  remained  absolutely  identical  ?  To  this  we  can  now 
reply,  with  some  confidence,  that  there  is  no  more  absolute  uni- 
formity in  the  results  of  natural  selection  than  in  any  other  of 
the  phenomena  of  Ufa  External  influences  act  differently 
upon  different  constitutions.  Were  we  to  remove  the  whole 
flora  and  fauna  of  a  country  to  a  distant  region,  or,  what  comes 
to  the  same  thing,  change  the  external  conditions  of  that  flora 
and  fauna,  as  to  climate,  physical  influences,  natural  enemies, 
or  other  causes  of  destruction,  means  of  protection,  &c.,  we 
should  now  be  taught  to  expect  that  some  of  the  individual 
races  would  at  once  perish ;  others,  more  or  less  affected,  might 
continue  through  several  generations,  but  with  decreasing  vigor, 
and,  in  the  course  of  years  or  ages,  gradually  die  out,  to  be  re- 
placed by  more  vigorous  neighbors  or  invaders.  Others,  again, 
might  see  amongst  their  numerous  and  ever  Varying  offspring 
some  few  slightly  modified,  so  as  to  be  better  suited  for  the 
new  order  of  things ;  and  experience  has  repeatedly  shown  that 
the  change  once  begun  may  go  on  increasing  through  successive 
generations  and  a  permanent  representative  species  maj  be 
formed.  And  some  few  races  might  find  themselves  quite  as 
happy  and  vigorous  under  their  new  circumstances  as  under 
the  old,  and  might  go  on  as  before,  unchanged  and  unchanging. 
Taking  into  consideration  the  new  lights  that  have  been 
thrown  upon  these  subjects  by  the  above  investigations  and  by 
the  numerous  observations  called  forth  hj  the  aevelopment  of 
the  great  Darwinian  theories,  amongst  which  I  may  include  a 
few  points  adverted  to  in  a  paper  on  Cassia  which  I  laid  before 
you  last  year,  but  which  a  press  of  matter  has  prevented  our 
yet  sending  to  press,  it  appears  to  me  that,  in  plants  at  least, 
we  may  almost  watch,  as  it  were,  the  process  of  specific  change 
actually  going  on ;  or  at  least  we  may  observe  different  races 
now  living  in  different  stages  of  progress,  fix)m  the  slight  local 
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variation  to  the  distinct  species  and  genus.     As  the  first  step 
we  may  take,  for  instance,  those  races  which  are  r^arded  by 
the  majority  of  botanists  as  variable  species,  such  as  Rxjtbusfru- 
ticosus,,  Rosa  canina^  Zomia  diphyUa^   Cassia  mimosoides^  &c. 
"We  shall  find  in  each  some  one  form,  which  we  call  typical, 
generally  prevalent  over  the  neater  part  of  the  area  of  the  race, 
whilst  others,  more  or  less  aberrant,  are  more  or  less  restricted 
to  particular  localities,  the  same  varieties  not  occurring  in  dis- 
connected stations  with  precisely  the  same  combinations  of  char- 
acter and  in  the  same  proportions;    local  and  representative 
varieties  and  subspecies  are  being  formed,  but  have  not  yet 
obtained  suflScient  advantages  to  prevent  their  being  kept  in 
check  by  their  intercommunication  (and,  wobably,  cross-breed- 
ing) with  their  more  robust  type.     The  British  Batologist  or 
Ehodologist  transported  to  the  south  of  France  or  to  Hungary 
will  still  find  one,  or  perhaps  two  or  three  forms  of  Bramble 
and  I)og-rose  with  which  he  is  familiar ;  but  if  he  wishes  to 
discriminate  the  thirty  or  forty  varieties  or  subspecies  upon 
which  he  had  spent  so  much  labor  and  acuteness  at  home,  he 
must  recommence  with  a  series  of  forms  and  combinations  of 
characters  quite  new  to  him.     The  species  is  still  the  same ;  the 
varieties  are  changed.     As  examples  of  what  we  may  call  a  sec- 
ond stage  in  the  formation  of  species,  we  may  adduce  such 
plants  as  Pelargonium  australe  or  grossvlarioides  and  Nicotiana 
suaveolens  or  angusiifolia^  to  which  I  alluded  in  the  above-men- 
tioned paper  on  Cassia.     Here  we  have  one  race,  of  no  higher 
than  specific  grade  in  the  ordinary  acceptance  of  the  term,  in- 
habiting two  countries  which  have  long  been  widely  dissevered 
(in  the  one  case  South  Africa  and  Australia,  in  the  other  Chili 
and  Australia),  which,  if  originally  introduced  by  accident  from 
one  country  to  the  other,  have  been  so  at  a  time  so  remote  as 
thoroughly  to  have  acquired  an  indigenous  character  in  both  ;  in 
both  they  are  widely  spread  and  hignly  diversified :  but  among 
all  their  varieties  one  form  only  is  identical  in  the  two  countries 
{Pelargonium  australe^  var.  erodioides^  and  P.  grossularioides^  var. 
anceps;  Nicotiana  suaveolens^  var.  angustifolia^  and  N.  angvstifo- 
lia^  var.  acumtnata\  and  that  so  comparatively  a  rare  one  that 
it  may  be  regarded  as  being  in  the  course  of  extinction ;  whilst 
all  other  varieties,  some  of  them  very  numerous  in  individuals 
over  extended  areas,  and  all  connected  by  nice  gradations,  di- 
verge nevertheless  in  the  two  countries  in  diflFerent  directions 
and  with  different  combinations  of  characters,  no  two  of  them 
growing  in  the  two  countries  being  at  all  connected  but  through 
the  medium  of  that  one  which  is  still  common  to  both.     When 
that  shall  have  expired,  the  distinct  species  may  be  considered 
established.     A  still  further  advance  in  specific  change  is  exem- 
Ajf.  JomL  Sol— SxooND  Sbbibs,  Vol.  L,  No.  ISO.—Nov.,  1870. 
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plified  in  Cdssia  itself,  in  which  I  have  shown  that  no  leas  than 
eight  or  nine  different  modifications  of  type,  sectional  and  sub- 
sectional,  are  common  to  South  America,  tropical  Africa,  and 
Australia,  but  without  anv  specific  or,  at  least,  subspecific  iden- 
tity, except  perhaps  in  a  few  cases  where  a  more  modem  inter- 
change may  be  presumed.  The  original  common  specific  types 
are  extinct,  the  species  have  risen  into  sections.  Common 
tvpes  of  a  still  higher  order  have  disappeared  in  the  case  of 
f  roteaceae,  an  order  so  perfectly  natural  and  so  clearly  defined 
that  we  cannot  refrain  from  speculatmg  on  the  community  of 
origin  of  the  Afiican  and  of  the  Australian  races,  both  exceed- 
ingly numerous  and  reducible  to  definite  groups — ^laige  and 
small  well-marked  genera  in  both  countries,  and  yet  not  a  sin- 
gle genus  common  to  the  two;  not  only  the  species,  but  the 
genera  themselves  have  become  geographical  As  in  the  case 
of  the  varieties  of  Pelargonium  and  Nicotianaj  so  in  that  of  the 
species  of  Oassia  and  of  the  genera  of  Proteaceae,  it  is  not  to  be 
dienied  that  precisely  similar  modifications  of  character  are  ol> 
served  in  the  two  countries ;  but  these  modifications  are  differ- 
entiy  combined,  the  changes  in  the  organs  are  differently  corre- 
lated. In  Asiatico- African  Chamcecristxje  a  tendency  to  a  par- 
ticular change  in  the  venation  of  the  leaflet  is  accompanied  by 
a  certain  change  in  the  petiolar  gland ;  in  America  the  same 
change  in  the  gland  is  correlated  with  a  different  alteration  in 
the  venation.  In  Australian  Proteaceae  the  glands  of  the  torus 
are  constantiy  deficient  with  a  certain  inflorescence  (cones  with 
imbricate  scales)  which  is  always  accompanied  by  them  in  Africa. 

In  selecting  the  above  instance  for  illustration  of  what  we 
may,  without  much  strain  upon  the  imagination,  suppose  to  be 
cases  of  progressive  change  m  races,  it  is  not  that  they  are  iso- 
lated cases  or  exceptionally  appropriate;  for  innumerable 
similar  ones  might  be  adduced.  In  the  course  of  the  detailed 
examination  I  have  tiad  successively  to  make  of  the  floras  of 
Europe,  N.  W.  America,  Tropical  America,  Tropical  Africa, 
China,  and  Australia,  I  have  everywhere  observed  that  com- 
munity of  general  type,  in  regions  now  dissevered,  is,  when 
once  varied,  accompanied  by  more  or  less  of  divei^ence  in 
more  special  characters  in  different  directions  in  the  different 
countnea 

With  regard  to  tiie  succession  of  races  which  have  undergone 
a  complete  specific  change  through  successive  geological  periods, 
we  have  not  in  plants,  as  fiu*  as  I  am  aware,  any  such  cases  of 
"true  linear  types  or  forms  which  are  intermediate  between 
others  because  they  stand  in  a  direct  genetic  relation  to  them," 
as  Professor  Huxley  appears  to  have  made  out  in  fiivor  of  the 

gjdigree  of  the  Horse  m  his  last  Anniversary  Address  to  the 
eological  Society.    And  I  may,  in  r^ard  to  plants,  repeat  witii 
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still  greater  emphasis  his  dictum,  that  "  it  is  no  easy  matter  to  find 
clear  and  unmistakable  evidence  of  filiation  among  fossil  animals ; 
for  in  order  that  such  evidence  should  bo  (juite  satisfactory,  it  is 
necessary  that  we  should  be  acquainted  with  all  the  most  im- 
portant features  of  the  organization  of  the  animals  which  are 
supppsed  to  be  thus  related,  and  not  merely  with  the  fragments 
upon  which  the  genera  and  species  of  the  paleontologist  are  so 
often  based."  The  difficulty  is  much  greater  in  the  case  of 
fossil  plants;  for  instead  of  bones,  teeth,  or  shells,  portions  of 
internal  or  external  skeletons,  the  parts  preserved  to  us  from 
the  tertiary  period  are  generally  those  least  indicative  of  struc- 
tural organization.  Mr.  Carruthers  has  recently  (Geological 
Magazine,  April  and  July  1869,  and  Journal  of  the  Geological 
Society,  August,  1869)  adduced  satisfactory  evidence  oi  the 
close  affinity  of  Siffillaria  and  the  allied  genera  of  the  coal- 
period  with  the  living  Lycopodiaceae,  formerly  suggested  by 
Dt,  Hooker;  but,  as  he  informs  me,  no  connecting  links,  no 
specimens,  indeed,  of  the  whole  Order,  have  as  yet  been  found 
in  any  of  the  intermediate  cretaceous  or  tertiary  deposits. 
Among  the  latter,  the  presence  of  numerous  vegetable  types, 
to  which  we  mav  plausibly  refer  as  to  the  ancestors  of  living 
races,  is  establishea  upon  unimpeachable  data ;  bi^it  I  have  been 
unable  to  find  that  a  single  case  of  authentic  pedigree,  as  suc- 
cessively altered  from  the  cretaceous  through  tne  abundant  de- 
posits of  the  eocene  and  miocene  period  to  the  living  races,  has 
oeen  as  yet  as  satisfectorily  made  out  as  that  of  the  absolute 
identity  of  Taocodium  and  others  above  mentioned,  although  I 
feel  very  little  doubt  that  such  a  one  will  yet  be  traced  when 
our  paleontologists  shall  have  ceased  to  confound  and  reason 
alike  upon  the  best  proved  facts  and  the  wildest  guesses.  Our 
late  distinguished  foreign  Member,  Professor  Unger,  whose  loss 
we  have  so  recently  to  deplore,  had  indeed,  shortly  before  his 
death,  published,  under  the  name  of  'Geoloffie  der  europaischen 
Waldbaume,  part  1,  Laubholzer,'  no  less  than  twelve  tabular 
pedigrees  of  European  forest  races ;  but  it  seems  to  me  that  in 
this,  as  in  another  of  the  same  eminent  paleontologist's  papers 
to  which  I  shall  presently  have  to  refer,  his  speculations  have 
been  deduced  much  more  freely  from  conjectures  than  from 
facts.  There  is  no  doubt  that  the  presence  of  closely  allied 
representatives  of  our  Beeches,  Birches,  Alders,  Oaks,  Limes, 
&C.,  in  the  tertiary  deposits  of  Central  and  Southern  Europe  is 
fully  proved  by  inflorescences  and  fruits  as  well  as  leaves ;  but 
how  can  we  establish  the  successive  changes  of  character  in  a 
race  when  we  have  only  the  inflorescence  of  one  period,  the 
fruit  of  another,  and  the  leaf  of  a  third?  I  do  not  find  a 
single  case  in  which  all  three  have  been  found  in  more  than  one 
stage ;  and  by  far  the  great  majority  of  these  fossil  species  are 
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established  on  the  authority  of  detached  leaves  or  jfragments  of 
leaves  alona 

Now  let  us  consider  for  a  moment  what  place  a  leaf  really 
holds  in  systematic  botany.  Would  any  experienced  system- 
atic botanist,  however  acute,  on  the  sole  examination  of  an  un- 
known lea^  presume  to  determine,  not  only  its  natural  order 
and  genus,  but  its  precise  characters  as  an  unpublished  species? 
It  is  true  that  monographists  have  sometimes  published  new 
species  founded  on  specimens  without  flower  or  fruit,  which 
ttom  collateral  circumstances  of  habitat,  collector's  notes,  gene- 
ral resemblance,  &c.,  they  had  good  reason  to  believe  really  be- 
longed to  the  genus  they  were  occupied  vdth ;  but  then  they 
had  the  advantage  of  ascertaining  the  general  fades  derived 
from  insertion,  relative  position,  presence  or  absence  of  stipular 
appendages,  &c.,  besides  the  data  supplied  by  the  branch  itself 
And  with  all  these  aids,  even  the  elder  De  C^doUe,  than  whom 
no  botanist  was  more  sagacious  in  judging  of  a  genus  from 
general  aspect,  proved  to  have  been  in  several  instances  fiar 
wrong  in  tne  ffenus,  and  even  Order,  to  which  he  had  attributed 
species  descrioed  from  leaf-specimens  only.  Paleontologists, 
on  the  other  hand,  have,  in  the  majority  of  these  tertiary  de- 
posits, had  nothing  to  work  upon  but  detached  leaves  or  frag- 
ments of  leaves,  exhibiting  only  outward  form,  venation,  and, 
to  a  certain  deffree,  epidermal  structure,  all  of  which  characters 
may  be  referred  to  that  class  which  Professor  Flower,  in  his  in- 
troductory lecture  at  the  Royal  CoU^e  of  Sui^geons  in  Febru- 
ary last,  has  so  aptly  designated  as  aaaptive,  in  contradistinction 
to  essential  and  fondamental  characters.  They  may,  when 
taken  in  conjunction  with  relative  individual  abundance,  assist 
in  forming  a  general  idea  of  the  aspect  of  vegetation,  and  thus 
give  some  clue  to  certain  physical  conditions  of  the  country ; 
but  they  alone  can  afford  no  indication  of  genetic  affinity,  or 
consequently  of  origin  or  successive  geographical  distribution. 

Lesquereux,  in  speaking  of  Cretaceous  "species,  or  rather 
forms  of  leaves,"  ofeerves,  in  a  note  to  his  paper  on  Fossil 
Plants  from  Nebraska  (this  Journal,  voL  xlvi,  July,  1868,  p. 
108),  that  "it  is  well  imderstood  that  when  the  wora  spates  is 
used  in  an  examination  of  fossil  plants,  it  is  not  taken  in  its 

1)recise8ense;  for  indeed  no  smecies  can  be  established  from 
eaves  or  mere  fragments  of  leaves.     But  as  paleontologists 
have  to  recognize  these  forms  described  and  figured,  to  com- 

8 are  them  and  use  them  for  reference,  it  is  necessary  to  affix  to 
lem  specific  names,  and  therefore  to  consider  them  as  species." 
But  the  investigators  of  the  tertiary  floras  of  Central  and  South- 
em  Europe  have  accjuired  the  habit,  not  only  of  neglecting  this 
distinction  and  naming  and  treating  these  forms  of  leaves  as 
species  equivalent  to  those  established  on  living  plants,  but  of 
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founding  upon  them  theories  which  must  fell  to  the  ground  if 
such  specific  determination  proves  inaccurate.  Nothing  can  be 
more  satisfactory  than  such  determinations  as  that  of  Podogo- 
ntumj  for  instance,  which  Professor  Heer  has  succeeded  in 
proving,  by  numerous  specimens  of  leaves,  firuits,  and  even 
flowers,  some  of  them  stul  attached  to  the  branches,  which  I 
had  myself  the  pleasure  of  inspecting  last  summer  under  the 
fiiendly  guidance  of  the*  distinguished  Professor  himself  This 
genus  of  CsBsalpinieae,  from  its  evident  affinity  with  PeUogyne^ 
Tamarindus^  and  others  now  scattered  over  the  warmer  regions 
of  America  and  AMca,  and  more  sparingly  in  Asia,  tells  a  tale 
of  much  significance  as  to  the  physico-geographical  relations  of 
the  Swiss  tertiary  vegetation,  confirmed  as  it  is  by  some  other, 
equally  or  almost  equally  convincing  examples.  But  the  case 
appears  to  me  to  be  fiair  different  with  the  theory  so  vividly 
expounded  by  Professor  linger  in  1861  in  his  Address  entitled 
"Neu  Holland  in  Europa."  This  theory,  now  generally  admit- 
ted, seems  to  me  to  be  established  on  some  such  reasoning  as 
this : — ^There  are  in  the  tertiary  deposits  in  Europe,  and  espe- 
ciaUv  in  the  earlier  ones,  a  number  of  leaves  that  look  like  those 
of  rroteacesB  are  a  distinguished  feature  in  Australian  vegeta- 
tion ;  ergo^  European  vegetation  had  in  those  times  much  of  an 
Australian  type  derived  fi^om  a  direct  land  communication  with 
that  distant  region. 

This  conviction,  that  Proteace»  belonging  to  Australian  gen- 
era were  numerous  in  Europe  in  Eocene  times,  is  indeed  re- 
garded by  paleontologists  as  one  of  the  best-proved  of  their 
mcts.  They  enumerate  nearlv  one  hundred  tertiary  species,  and 
most  of  them  with  such  absolute  confidence  that  it  would  seem 
the  height  of  presumption  for  so  inexperienced  a  paleontolo- 
gist as  myself  to  express  any  doubt  on  the  subject  And  yet, 
although  the  remains  of  the  tertiary  v^etation  are  far  too 
scanty  to  assert  that  Protaeceae  did  not  form  part  of  it,  I  have 
no  hesitation  in  stating  that  I  do  not  believe  that  a  single  speci- 
men has  been  found  that  a  modem  systematic  botanist  would 
admit  to  be  Proteaceous  unless  it  had  been  received  fix)m  a 
country  where  Proteaceae  were  otherwise  known  to  exist 
And,  on  other  grounds,  I  should  be  most  unwilling  to  believe 
that  any  of  the  great  Australian  branches  of  the  Order  ever 
reached  Europe.  As  this  is  a  statement  requiring  much  more 
than  mere  assertion  on  my  part,  I  shall  beg  to  enter  into  some 
detail,  commencing  with  a  short  summary  of  my  grounds  of 
disbelief  in  European  tertiary  Proteaceae,  and  then  examining 
into  the  supposed  evidences  of  their  existenca 

Prom  the  above  considerations,  I  cannot  resist  the  opinion 
that  all  presumptive  evidence  is  against  European  ProteaceaB, 
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and  that  all  direct  evidence  adduced  in  their  favor  has  broken 
down  upon  cross-examination.  And  however  much  these 
Eocene  leaves  may  assume  a  general  character,  which  may  be 
more  frequent  in  Australia  (in  Proteaceas  and  other  Orders)  than 
elsewhere,  all  that  this  would  prove  would  be,  not  any  genetic 
affinity  with  Australian  races,  but  some  similarity  of  causes 
producing  similarity  of  adaptive  characters. 

Another  series  of  conclusions  drawn-  by  paleontologists  from 
their  recent  discoveries,  which  appears  to  me  to  have  been  car- 
ried too  far,  relates  to  the  r^on  where  a  given  species  origina- 
ted. The  theory  that  every  race  (whether  species  or  group  of 
species  derived  from  a  single  one)  originated  in  a  single  indi- 
vidual, and  consequently  in  one  spot,  from  which  it  has  gradu- 
ally spread,  is  a  necessary  consequence  of  the  adoption  of  Dar- 
winian views;  and  when  Mr.  R  Brown  ("On  the  Geographical 
Distribution  of  Conifers,"  Trans.  Bot  Soc  Edin.,  x,  p.  195)  sneers 
at  my  having  qualified  it  as  a  perfect  delusion,  he  must  have 
totally  misunderstood,  or  rather  misread  the  passage  he  refits 
to  in  my  last  yefw's  Address.  The  expression  is  there  specially 
applied  to  the  idea  of  general  centers  of  creation  whence  the 
whole  flora  of  a  region  has  gradually  spread,  in  contradistinc- 
tion to  the  presumed  origin  of  individual  races  in  a  single  spot, 
which  is  there  as  distinctly  admitted.  The  determination  of 
where  that  spot  is  for  any  individual  race,  is  a  &r  more  compli- 
cated question  than  either  geographical  botanists  or  paleontolo- 
gists seem  to  siippose.  "  Every  vegetable  species,"  as  well  ob- 
served by  Professor  Heer,  "  has  its  separate  history,"  and  re- 
quires a  very  careful  comparison  of  all  the  conclusions  deduci- 
ble  as  well  from  present  distribution  as  from  ancient  remaina 
The  very  important  fiact  that  Taxodium  distichum^  Sequoio^  Mag- 
ndluje,  Salisburiay  &a,  existed  in  Spitsbergen  in  Miocene  times,  so 
satisfactorily  proved  by  Heer,  shows  that  the  vegetation  of  that 
country  then  comprisea  species  and  genera  now  characteristic 
of  North  America ;  but  it  appears  to  me  that  the  only  conclu- 
sion to  be  drawn  (independently  of  climate  and  geology)  is,  that 
the  area  of  these  species  and  genera  had  extendi  continuously 
fix>m  the  one  country  to  the  other,  either  at  some  one  time,  or 
during  successive  periods.  The  proposition  that  "  Spitsbergen 
appears  to  have  been  the  focus  of  distribution  of  Taxodium  dis^ 
tickum^^'  because  an  accidental  preservation  of  its  remains  shows 
that  it  existed  there  in  the  lower  Miocene  period,  would  require 
at  least  to  be  in  some  measure  confirmed  by  a  knowled^  of 
the  flora  of  the  same  and  preceding  periods  over  the  remainder 
of  its  present  area,  the  greater  part  of  which  flora,  however,  is 
totally  annihilated  and  forever  concealed  ^m  ua  The  feet 
that  Plnus  Abies  existed  in  Spitsbergen  in  Miocene  times,  and  that 
no  trace  of  it  has  been  found  in  the  abundant  Tertiary  remains 
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of  Centa^l  Europe  is  very  instructiva  It  might  show  that  that 
tree  was  of  more  recent  introduction  into  the  latter  than  the 
former  country ;  but  it  cannot  prove  that  it  was  not  still  earlier 
in  some  other  r^on,  whence  it  may  have  spread  successively 
into  both  territories,  still  less  that  its  course  of  dissemination 
was  directly  fh)m  Spitsbergen  over  Northern  and  Central  Eu- 
ropa  Moreover  the  determination  of  Pinus  Abies  is  not  so 
convincing  as  that  of  the  Tcujcodium^  resting  as  it  does,  if  I  cor- 
rectly understand  Pro£  Heer's  expression,  on  detached  seeds 
and  leaves,  with  a  few  scales  of  one  cone,  and  may  require 
further  confirmation. 

In  the  above  observations  it  is  very  fiir  from  my  wish  to  de- 
tract from  the  great  value  of  Professor  Heer's  researches.  lur 
terested  as  I  have  been  in  the  investigation  of  the  history  of 
races  of  plants,  I  have  deeply  felt  my  general  ignorance  of 
paleontology,  and  consequent  want  of  means  of  checking  any 
conclusions  I  may  have  drawn  from  present  vegetation  by  any 
knowledge  of  that  which  preceded  it,  and  the  m[ipossibiIity  at 
my  time  of  life  of  entering  into  any  detailed  course  of  study 
of  fossila  Like  many  other  recent  botanists,  I  am  obliged  to 
avail  myself  of  the  general  results  of  the  labors  of  paleontolo- 
gists ;  and  if  I  have  here  ventured  on  a  few  criticisms,  it  is 
only  as  a  justification  of  the  hope  that  they  may  in  some  meas- 
xire  distinguish  proved  fiiots  from  vague  guesses,  in  order  that 
we  may  know  how  far  reliance  is  to  be  placed  on  their  con- 
clusions. ###**# 


Art.  XXXTT. — Account  of  the  fall  of  a  Meteoric  Stone  in  Stewart 
County^  Georgia ;  by  Professor  Joseph  E.  Willet. 

In  October,  1869,  I  learned  that  a  metoric  explosionh  ad 
occurred  in  Stewart  county,  Georgia.  I  immediately  requested 
Hon.  John  T.  Clarke,  a  resident  of  the  county  adjoining  Stewart, 
to  enquire  whether  any  stone  or  stones  had  fellen,  and  to  en- 
deavor to  procure  them  for  Mercer  University.  Jud^e  Clarke, 
after  considerable  labor,  was  entirely  successiul  in  his  search ; 
and,  through  him,  Mr.  Barlow,  in  whose  vard  the  meteorite 
descended,  generously  presented  it  to  our  Museum.  To  Judge 
Clarke  and  to  Mr.  lilatimer,  I  am  indebted  for  the  following 
history  of  the  phenomena  attending  the  descent  of  the  meteorite. 

Mr.  J.  B.  Latimer  of  Bladen*s  creek,  Stewart  county,  has 
kindly  furnished  the  following  particulars  of  the  flight  of  the 
body  through  the  air,  and  of  the  several  explosions^  which  occurred 
nearly  vertically  above  him. 

"  The  morning  of  the  6th  October  last  (1869)  was  quite  clear, 
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scarcely  any  cloud  being  visible,  quite  calm ;  about  10  A.  M. 
the  atmosphere  grew  somewhat  hazy,  no  clouds ;  at  about  15 
or  20  minutes  before  12  M.  a  roaring,  rushing  sound  was  heard 
in  a  northwesterly  direction,  about  80  degrees  above  the  horizon. 
In  a  moment  or  two,  it  was  almost  directlv  over  head,  at  which 
point  a  loud  explosion  occurred,  followed  in  rapid  succession 
by  six  other  reports,  but  less  in  volume  than  the  first — Tnaking 
seven  in  alL  The  explosions  appeared  about  as  loud  as  a  12- 
pound  cannon,  at  a  distance  of  10  or  12  miles.  These  explo- 
sions did  not  occur  all  at  the  same  point  in  the  heavens,  out 
seemed  to  emanate  from  some  body  moving  rapidly  to  the  south- 
east After  the  explosions,  a  peculiar  whirring  sound  was  heard, 
apparentlyproduced  by  some  large  irr^ular  body,  moving  very 
rapidly.  This  also  went  in  a  southeasterly  direction.  This 
sound  was  heard  several  seconds  ;  many  have  compared  it,  and 
aptly  too,  to  an  imperfect  steam-whistla  I  have  no  precise 
iaea  of  the  time  consumed  in  all  this  demonstration ;  some 
persons  say  several  minutes — ^but  I  think  10  or  15  seconds 
would  about  cover  the  tima 

"  As  the  larger  body  was  going  out  of  our  hearing,  (some 
moments  after  the  explosions)  a  smaller  one  passed  to  the  south- 
west, with  just  such  a  noise  as  is  always  produced  by  a  flying 
fragment  of  a  shell  after  its  explosion,  or  of  any  angular  body 
cast  violently  through  the  air.  This  piece  descended  to  the 
earth,  distinctly  traced  in  its  passage  by  many  persons,  and 
struck  in  the  yard  of  Capt  R  Barlow — which  point  of  contact 
is,  on  an  air-line,  about  2^  miles  from  a  perpendicular  beneath 
where  the  explosions  occurred.  This  is  the  only  one  known  to 
have  fallen  in  this  section. 

**  The  explosions,  together  with  the  rushing  sound  afterward, 
were  heard  over  a  region  about  80  miles  N.E.  and  S.W.  and  50 
or  60  miles  N.W.  and  S.E.  No  shock  was  felt — ^at  least  no 
tremor  of  the  earth. 

"  Two  men  say,  that  they  were  looking  in  the  exact  direction 
of  the  explosions  at  the  time  they  occurred,  and  saw  a  quantity 
of  vapor,  much  like  the  volume  of  steam  escaping  from  the 
pipe  of  an  engine,  at  each  successive  stroke ;  wnicn  vapor  or 
mist  was  violently  agitated,  and  increased  in  bulk,  with  each 
successive  report,  but  disappeared  soon  after  the  cessation  of 
the  reports.  This  corroborates  the  testimony  of  some  of  my 
own  laborers,  who  say,  that  immediately  after  the  explosions 
something  like  a  thin  cloud  cast  its  shadow  over  the  field  they 
were  in." 

Hon.  John  T.  Clarke,  of  Cuthbert,  Ga.,  who  has  interested 
himself  in  collecting  the  history  of  the  meteorite,  and  through 
whose  influence  it  has  come  into  the  possession  of  Mercer 
University,  writes  me  the  following  particulars  of  \\&faIL 
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"  It  fell  about  IH  a.  IL  on  the  6tli  of  October  last,  (1869), 
in  Stewart  county,  Ga.,  on  the  premises  of  Elbridge  Barlow,  Esq., 
about  12  miles  south  of  west  fix)m  Lumpkin.  Capt  Barlow 
picked  it  up  a  few  moments  after  it  fell.  His  account  of  it  is 
this.  While  standing  in  the  open  yard,  the  sky  being  bright 
and  clear,  he  heard  first  a  succession  of  about  three  explosions, ' 
resembling  sudden  bursts  of  thunder,  or  discharges  of  artillery, 
followed  by  a  deep  roaring  for  several  seconds,  and  then  by  a 
rushing  or  whizzing  sound  of  something  rushing  with  great  speed 
through  the  air  near  by.  The  sound  ceased  suddenly.  The 
noise,  from  first  to  last,  was  some  half  a  minute.  Two  negroes 
were  washing  near  the  well,  in  the  same  yard,  about  sixty  yards 
from  where  Barlow  stood.  They  heard  the  noise,  and  supposed 
it  to  be  the  falling  in  of  the  plank  well-curbing,  banging  from 
side  to  side  in  its  descent,  and  so  spoke  of  it  to  one  another 
before  it  felL  While  they  were  speaking  thus,  it  struck  the 
ground  about  twenty  steps  from  tnem,  in  full  sight,  knocking 
up  the  dirt  They  callea  Capt  B.  and  showed  him  the  spot 
It  was  upon  very  hard  trodden  ground  in  the  clean  open  yard. 
The  eartn  was  freshly  loosened  up  very  fine  in  a  circle  of  about 
one  and  a  half  feet  in  diameter ;  and,  upon  scraping  the  loose 
dirt  away  with  the  hands,  the  stone  was  found  about  ten  inches 
below  the  surface.  From  the  direction  in  'which  the  ground 
was  crushed  in,  it  must  have  come  from  the  northwest,  and  at 
an  angle  of  about  80  degrees  with  the  horizon.  The  stone 
when  picked  up  was  covered  all  over  with  the  black  shell  which 
it  bears  now,  except  a  triangular  spot  on  one  comer,  about  one 
inch  each  way,  where  the  comer  appeared  freshly;  knocked  off, 
and  about  four  other  spots  near  a  quarter  of  an  inch  in  diame- 
ter, where  the  shell  was  slightly  knocked  off.  The  other 
bruises,  which  you  will  find  upon  it,  have  been  made  since  by 
persons  who  have  handled  it  To  enable  you  to  distinguish 
the  original  breaks  upon  it,  I  have  marked  each  of  them  with 
a  red  crosa  The  stone  still  has  a  strong  odor,  which  I  will  not 
undertake  to  describe.  Capt  B.  says  it  smelled  stronger  when 
he  first  picked  it  up.  He  does  not  remember  that  it  had  any 
noticeable  heat  It  was  not  cold,  as  a  stone  found  so  deep  in 
the  ground  should  be. 

"  The  stone  weighs  now  12^  ounces,  about  \  ounce  has  been 
pecked  off  from  it  Its  color  within  is  strikingly  like  very 
light  granite;  and,  with  the  exceptions  above  noted,  it  is 
entirely  covered  with  a  smooth,  almost  black  shell,  a  trifle 
thicker  than  common  letter  paper,  so  that  externally  it  looks 
very  much  like  a  lump  of  iron  ore.  It  is  an  irregular,  seven- 
sided  figure,  its  longest  side  being  about  2f  inches  long.  If  put 
into  a  spherical  form,  it  would  make  a  ball  about  If  inches  in 
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diameter.  So  fiu*  as  I  have  been  able  to  ascertain^  no  other 
parts  have  been  found 

"  The  noise  attending  this  phenomenon  is  variously  described 
by  different  persons,  and  from  different  places.  Two  intelligent 
ladies  residing  four  miles  south  of  Lumptin,  nearly  east  of  where 
•  the  stone  fell,  and  about  ten  or  twelve  miles  off,  describe  it  thus. 
While  sitting  in  the  house  they  heard,  as  it  were,  the  sound  of 
a  great  fire  suddenly  bursting  forth  from  some  confinement  into 
the  open  air.  They  rushed  out  of  doors,  and  heard  the  roar- 
ing sound  continue  for  several  seconds.  They  located  the  source 
of  the  noise  in  the  direction  of  Barlow'a 

"  In  Cuthbert,  about  18  miles  from  Barlow's,  nearly  south- 
east, a  gentleman,  engaged  in  a  workshop,  heard  a  lumbering 
noise,  which  he  took  to  be  several  heavy  pieces  of  machinery 
in  an  adjoining  room,  falling  down  one  after  another.  On  going 
in,  he  found  no  one,  and  that  he  had  mistaken  the  cause  of  the 
noise.  Many  persons  here  heard  sounds  like  repeated  thunder 
followed  by  roaring.  Some  say  that  they  first  heard  several 
rapid,  cracting  explosions,  like  that  of  volleys  of  small  arms, 
followed  immediately  by  the  louder  burst  oi  artillery.  Most 
persons  here  thought  the  noise  came  from  the  southeast,  passed 
over  the  place  in  a  northwesterly  direction,  and  died  away  in 
the  distant  northwest 

"  The  foregoing  statements  have  been  selected  from  many  in 
circulation,  showu^  how  differently  the  senses  were  affected  at 
different  points.  The  facts  are  purposely  presented  in  their 
nakedness.  K  vou  can  find  them  avsolable  in  aid  of  a  scientific 
investigation  of  the  ormn  of  this  phenomenon,  I  shall  have 
accomplished  more  than  1  expect" 

The  above  accounts  agree  as  to  the  main  facts.  They  were 
furnished  by  Mr.  Latimer  and  Judge  Clarke,  without  being 
compared  by  them.  It  is  possible  that  a  compwison  of  notes 
by  them  might  have  thrown  some  li^ht  on  the  point  of  greatest 
discrepancy,  viz :  the  direction  of  flight  It  is  probable  that 
the  meteorite  came  from  some  point  m  the  rwrth  quarter ;  the 
statement  of  Mr.  Latimer  over  whom  it  exploded,  and  that 
of  Mr.  Barlow  as  to  the  direction  in  which  the  earth  was  pene- 
trated, concur  in  this  regard.  Persons  in  Cuthbert,  who  repre- 
sent it  as  coming  from  the  south,  may  have  been  misled  by  an 
echo,  mistaking  this  for  the  original  sound. 

Prof.  J.  Lawrence  Smith,  who  is  giving  special  attention  to 
the  subject  of  meteorites,  has  requested  the  privilege  of  anal- 
yzing the  stone  above  described. 

Mercer  University,  Penfleld,  Georgia. 
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Art.  XXXm. — Description  and  Analysis  of  a  Mete&ric  Stone 
that  fell  in  Stewart  county,  Qcu  {Stewart  county  Meteorite)^  on 
the  6th  of  October,  1869 ;  by  J.  Lawrence  Smith. 

In  October,  1869,  I  learned  through  the  public  press  that 
certain  meteoric  phenomena  had  occurred  in  Stewart  county, 
Georgia,  and  that  one  or  more  stones  had  feUen.  Enquiries 
were  inmiediately  instituted  by  me,  and,  through  Pro£  Willet, 
I  obtained  for  examination  the  only  stone  foimd,  one  that  was 
seen  to  strike  the  ground,  and  from  him  received  an  account 
of  the  phenomena  observed  at  the  time  by  Messrs.  Latimer, 
Clarke  and  others.     [See  preceding  ArticlaJ 

The  stone,  as  it  reached  me,  was  nearly  intact,  and  weighed 
12i  ounces ;  it  must  originally  have  weighed  12^  ounces.  It 
is  of  an  irregular  conical  shape,  having  a  flattened  base,  and  is 
covered  with  a  dull  heavy  black  coating.  The  specific  gravity 
is  8*65.  The  fractured  surface  has  a  grayish  aspect,  and  when 
examined  closely,  especially  by  the  aid  of  a  glass,  exhibits 
numerous  ffreenish  globules  with  a  whitish  granular  material 
between ;  tnroueh  tne  mass  are  dark  particles  consisting  princi- 
pally of  nickeliierous  in»n,  with  some  pyrites,  and  a  few  specks 
of  cnrome  iron.  The  nodules  are  sometimes  three  or  more 
millimeters  in  diameter,  and  of  an  obscure  fibrous  crystalline 
structure,  the  crystals  radiating  usually  from  one  side  of  the 
nodule ;  they  have  a  dirty  bottle-green  color,  a  greasy  aspect 
when  broken,  and  are  more  or  less  opaka 

Some  of  these  little  nodules  were  separated  in  a  tolerable 
state  of  purity,  amounting  to  121  milligrams ;  on  analysis  they 
aflforded : 

Oxygen.  Ratio. 

Silica 48-62  26-i 


Alumina 8-05  3-'^'^  ^  ^ 


5-90) 
^•79  f 
2 
Magnesia 80-18 


Protoxyd  of  iron  ...  1 1  -2 1  2-61  [  , 

11-80  J  ^ 


98-06 

The  hardness  of  the  mineral  is  about  6,  and  it  is  quite  tough. 
The  formula  would  be  ftSi,  with  a  part  of  the  silica  replaced 
by  alumina,  a  not  unfrequent  case  in  minerals  such  as  horn- 
blende, hypersthene,  &c.  As  it  is  impossible  to  derive  any 
light  from  its  crystalline  structure,  the  above  analysis  warrants 
me  in  concluding  that  it  is  either  bronzite,  or  hornblende,  but  I 
am  more  inclined  to  the  former  supposition  as  it  appears  to  take 
the  place  of  the  enstatite  in  many  meteorites. 

Nickeliferous  iron  constitutes  about  7  per  cent  of  the  mass, 
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and  a  portion  separated  in  as  pure  a  state  as  possible,  afforded 

on  analysis — 

t-on 86*92 

Nickel 12-01 

Cobalt 0-75 


99-68 

These  are  the  proportions  after  allowing  iron  for  a  small  amount 
of  sulphur,  present  in  a  minute  quantity  in  the  nickeliferous 
iron,  which  could  not  be  separated  mechanically.  I  did  not 
test  for  copper  or  phosphorus ;  the  quantity  of  iron  separated 
from  the  stone  did  not  warrant  my  making  special  analyses  for 
substances,  the  quantity  of  which  present  could  only  be  exceed- 
ingly minute. 

The  stony  matter  freed  fipom  the  iron  was  treated  with  nitro- 
muriatic  acid  and  water,  and  heated  for  some  time  over  a  water 
bath,  renewing  the  water  and  acid  once  or  twice ;  the  solution 
was  filtered,  and  the  residue  washed;  the  residue  was  then 
treated  with  a  warm  solution  of  caustic  potash,  filtered  and 
again  washed  The  filtrate  was  neutralized  by  hydrodiloric 
acid,  and  added  to  the  first  filtrate,  and  the  whole  evaporated 
to  diyness  over  a  water  bath,  warmed  gentlv  over  the  lamp, 
and  treated  with  water  and  a  little  hycfiochloric  acid,  thrown 
on  a  filter,  the  silica  collected  and  estimated ;  the  last  filtrate 
was  treated  with  a  solution  of  hydrochlorate  of  baryta  to 
ascertain  the  quantity  of  sulphuric  acid  present,  (due  to  the 
pyrites  in  the  original  mass) ;  it  was  found  to  indicate  6*10  per 
cent  of  magnetic  iron  pyrites.  The  solution  freed  fi-om  the 
excess  of  baryta  was  now  analyzed  in  the  ordinary  way. 

The  insoluble  portion  of  the  meteorite  was  fused  with  car- 
bonate of  soda  and  a  small  firagment  of  caustic  potash,  and  its 
ingredients  ascertained. 

A  separate  portion  of  the  stony  part  of  the  meteorite  was 
examined  for  alkaliea 

The  various  analyses  referred  to  above  gave — omitting  the 
nickeliferous  iron : 

The  part  soluble  in  acid 68*06 

"       "    insoluble      "     41-95 

Soluble  part        Inscdnble  part 

Silica 41-08  66-03 

Alumina 0-32  6-89 

Protoxjrd  of  iron 18-46  16-21 

Magnesia 41-06  ^             21-00 

Lime I.  *               O-lo 

Soda,  with  a  little  t  and  Li 2*97 

100-83  101-20 
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The  soluble  part  consists  principally  of  olivine.  The  insol- 
uble is  doubtless  the  bronzite  already  refer  to,  with  a  little 
albite  or  oligoclase. 

Chrome  iron  was  detected  by  fusing  some  of  the  stony  part 
of  the  meteorite  with  carbonate  of  soda  and  a  little  niter,  and 
separating  in  the  usual  way.     The  quantity  was  quite  minute. 

The  composition  of  the  stone  as  made  out  would  be 

Nickeliferous  iron 7*00 

Magnetic  pyrites 6*10 

Bronzite,  or  hornblende 

OUvine ^^ 

Albite,  or  oligoclase '^ 

Chrome  iron 


100-00 


Abt.  XXXTV. — Sorms  practical  remarks  on  the  use  of  Flame  Heat 
in  the  Chemical  Laboratory^  especially  that  from  burning  gas 
without  the  aid  of  a  blast;  by  J.  Lawrence  Smith,  Louis- 
ville, Ky. 

There  is  probably  no  more  important  era  in  the  operations 
of  the  chemical  laboratory  than  that  of  the  introduction  of  the 
lamp  as  a  source  of  heat  lor  a  large  number  of  chemical  opera- 
tions, and  that  without  the  aid  of  a  blast  Berzelius  was  doubt- 
less the  first  to  accomplish  much  in  this  direction,  which  he  did 
by  the  agency  of  the  lamp  that  so  commonly  bears  his  name, 
and  which,  more  or  less  modified,  is  still  in  use  where  the  ordi- 
nary illuminating  gas  is  not  to  be  had. 

Although  illuminating  gas  has  been  in  use  for  about  seventy 
years,  it  is  only  within  a  comparatively  recent  date  that  it  lu^ 
been  pressed  into  service,  and  used  as  a  heating  agent  in  the 
laboratory.  The  reason  of  this  arose  from  the  fact  that  when 
bximt  in  the  ordinary  manner  it  deposited  soot  on  the  vessels 
heated  by  it  This  difficulty  has  been  overcome  by  burning 
the  gas  from  smaU  orifices  made  in  a  tube  bent  in  the  form  of 
a  circle,  the  holes  being  from  1  to  2  centimeters  apart,  and, 
sometimes,  combining  two  or  more  rings  in  concentanc  circles. 
This  method,  however,  has  not  been  generally  adopted. 

We  must  date  the  successftd  introduction  of  gas  for  heating 
purposes  to  the  use  of  a  mixture  of  gas  and  air  passed  through 
wire  gauze 'and  ignited  above  the  gauze,  giving  a  flame  without 
light  and  with  great  heat ;  the  mvention  of  this  method  is 
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claimed  by  several,  and  doubtless  was  discovered  by  different 
individuals  at  about  the  same  time,  without  a  previous  knowl- 
edge of  each  other's  results ;  this  method  is  still  more  or  less 
employed  for  certain  purposes. 

The  next  step  in  this  direction,  and  doubtless  the  most  impor- 
tant up  to  the  present  time,  is  to  bum  the  mixture  of  gas  and 
air  without  the  agency  of  wire  gauze ;  it  was  first  made  known 
to  the  public  in  the  burner  commonly  called  the  Bunsen  burn- 
er, doubtless  from  its  being  either  invented  or  brought  into  ex- 
tensive practical  use  by  the  distinguished  chemist  of  Heidel- 
berg. Its  form  is  too  well  known  to  require  more  tian  a  mere 
mention  here,  and  it  is  now  made  of  all  sizes  fix>m  those  capa- 
ble of  burning  4  cubic  feet  of  gas  and  under,  to  those  which 
can  burn  15  or  20  cubic  feet  from  a  single  burner,  or  from  a 
combination  of  several  smaller  ones.  To  this  burner,  some  ma- 
terialfadditions  have  been  made  bv  different  individuala  J.  J. 
Grif&n,  (the  chemical  instrument  dealer  in  London),  was,  I  be- 
lieve, the  first  to  introduce  the  use  of  the  rosette  and  the  regis- 
ter for  the  supply  of  air.  The  most  remarkable  results  acc(Hn- 
plished  by  this  method  of  burning  gas  and  air  are  those  obtain- 
ed by  G.  Gore  of  Birmingham,  (all  of  whose  results  I  have  ver- 
ified), where  gold,  copper,  cast  iron,  &c.,  were  fiised  in  cruci- 
bles without  the  agency  of  any  artificijd  blast  Mr.  Gore  evi- 
dently realized  fully  the  true  principle  of  burning  this  mixture, 
so  as  to  obtain  a  maximum  effect ;  the  burner,  however,  with 
its  furnace  arrangements^  is  unavoidably  of  a  form  and  on  a 
scale  limiting  its  application. 

The  usual  form  of  the  Bunsen  burner,  with  the  rosette  and 
register  (when  required),  bids  fear  to  hold  its  own  against  any 
other  form  for  general  purposes,  and  whatever  modifications 
may  be  made  on  it  should  be  of  such  a  character  as  not  to  en- 
trench on  its  simplicity.  One  or  two  of  these  modifications  are 
now  in  daily^  use  in  mj  laboratory,  for  which  there  is  no  claim 
to  any  special  originality,  nor  are  they  intended  to  supplant  the 
ordinary  form. 

As  simple  an  instrument  as  the  Bunsen  burner  appears  to  be, 
its  principles  and  effects  are  well  worthy  of  being  carefully 
studied. 

As  the  gas  passes  from  the  small  orifices*  in  the  lower  part 
of  the  burner,  and  mixes  witii  the  air  drawn  in  at  the  lower 
opening,  and  passes  out  at  the  open  end  of  the  tube,  it  usually 
contains  not  auite  enough  oxygen  for  its  complete  combustion, 
and  requires  nree  access  of  air  to  the  outer  portion  of  the  flame 

*  The  outlet  for  gas  may  be  in  the  form  of  croBsed  slits  or  two  small  holes  of 
(1-32  inch  diameter  each)  for  the  smaU  size  burner,  the  length  of  tube  being  about 
4  to  4i^  inches  \on^;  the  next  larger  has  four  openings  (about  1-26  indi  diamet^ 
eadi)  and  the  tube  about  6  inches  long. 
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to  complete  the  combustion ;  yet  even  with  this,  the  flame  is 
hollow  in  its  lower  portion,  having  a  cool  center,  its  most  in- 
tense heat  being  at  about  three  or  four  inches  above  the  end  of 
the  tube  in  the  smaller  Bunsen-bumers,  and  eight  or  ten  inches. 
in  the  largest  size.  If  a  proper  access  of  air  is  not  allowed  toe 
the  flame,  as  sometimes  happens  in  some  of  the  furnace  con- 
nections occasionally  used  with  Bunsen*s  burner,  acetylene  is 
formed  from  the  imperfect  combustion,  which  is  recognized  by 
its  disagreeable  odor,  or  by  collecting  some  of  the  gas  formed 
during  the  combustion ;  the  presence  of  acetylene  may  be  ren- 
dered evident  by  a  small  amount  of  a  solution  of  ammoniacal 
cuprous  chlorid. 

The  best  heating  effects  of  the  gas  used  in  the  ordinary  round 
Bunsen  burner,  when  employed  in  the  heating  of  crucibles  and 
other  vessels,  are  not  obtained ;  yet  in  the  great  majority  of 
cases  the  small  loss  of  gas  is  not  worth  considering,  especially 
as  to  obtain  better  results  in  most  cases,  would  only  complicate 
this  beautifully  simple  instrument 

To  get  the  best  effects  of  heat,  we  must  imitate  the  principle 
appli^  in  the  Argand  burner,  namdy  to  flatten  down  the  exit 
of  the  mixed  gases.  It  was  by  following  out  this  principle  that 
Mr.  Gore  was  enabled  to  make  a  bomer  having  a  number  of 
radial  flat  orifices  as  repre- 
sented in  the  figure  (1),  the 
air  from  without  having  firee 
access  to  the  flame  along  the 
entire  length  of  the  slit  open- 
ings, the  number  of  slits  used 
are  more  numerous  than  those 
represented  in  the  figure. 
With  the  flame  from  this 
burner  introduced  into  a  cer- 
tain form  of  refractory  cylin- 
ders, cast  iron  can  be  melted 
in  a  crucible,  without  the  aid 
of  a  blast,  as  has  already  been 
stated ;  the  little  chimney  to 
the  furnace  being  two  inches 
in  diameter,  and  four  feet 
long.  This  burner  and  its  furnace  is  of  but  limited  applica- 
tion, and  the  amount  of  gas  consumed  considerable. 

The  principle,  however,  of  the  above  burner  is  introduced  in 
constructing  a  more  simple  form,  and  the  flattened  orifice  is 
now  used  in  the  construction  of  what  I  conceive  to  be  the  best 
form  of  fiimace  for  heating  glass  tubes  for  or^nic  analyses  and 
other  purposes ;  such  furnaces  are  made  by  W  eisnig  of  Paris, 
and  Desaga  of  Heidelberg. 


The  opeBlDgi  ftt  the  exit  of  Oore*t  burner. 
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The  use  of  the  flattened  burner  is  not  fully  appreciated ;  its 
advantages  are,  that  there  is  no  cold  point  in  the  name,  and  the 
burner  can  be  brought  much  nearer  to  the  object  to  be  heated, 
within  20  to  25  miUinieters  for  the  small  sized  burners.  In 
this  burner  as  usually  made,  the  opening  is  too  broad,  experi- 
ence having  convinced  me  that  a  slit  2  millimeters  across  and 
about  40  millimeters  in  length  is  the  most  effective  one  for  a 
small  size  burner,  consuming  about  6 J  cubic  feet  per  hour; 
this  burner  is  represented  in  fig.  1,  which  can,  be  usea  with  the 
ordinary  tube,  by  detaching  the  tube  with  the  flattened  orifice. 
By  taking  a  burner  of  this  description  and  putting  two  pieces 
on  each  side  of  the  center,  as  represented  in  fig.  2,  a  very  effi- 
2  3  cient  burner  is  made  for  heat- 

ing platinum  crucibles  in  sil- 
ica fusions,  &c.,  and  with  such 
a  burner,  consuming  5^  to  6 
)  cubic  feet  of  gas  per  hour,  I 
conduct  most  effectually  all 
silica  fusions  in  one  hour  or 
less,  taking  care  to  protect 
the  crucible  fix)m  the  current 
of  the  air  by  a  properly  con- 
structed short  conical  chim- 
ney, which  chimney  can  be 
made  of  soap  stone,  sheet 
iron,  or  any  other  convenient  material. 

As  was  stated  in  the  commencement  of  this  article,  it  was 
not  intended  to  describe  the  more  complicated  methods  of  burn- 
ing gas  in  furnaces  and  by  means  of  a  blast,  but  to  confine  the 
remarks  to  the  simpler  forms  in  every  day  use,  which  can  be 
made  to  accomplish  all  the  requirements  of  the  usual  laboratory 
operations,  and  when  a  higher  heat  is  required,  the  furnace 
must  be  our  recourse,  whether  burning  gas,  charcoal  or  coka 
The  burner  represented  in  figure  2  is  tne  one  I  now  employ  in 
heating  the  crucible  in  my  method  of  alkali  determination  with 
carbonate  of  lime  and  sal  ammoniac,  which  method,  with  its 
more  recent  modifications,  will  be  published  in  a  very  short 
time.  The  description  of  it,  with  all  the  minute  details  of 
manipulation,  being  ready  for  the  presa 
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Art.  XXXV. — On  the  connection  between  Terrestrial  Temperaiure 
and  Solar  Spots  ;  by  Cleveland  Abbe,  Director  of  the  Cin- 
cinnati Observatory. 

We  are  indebted  to  Sir  Wm.  Herschel  for  the  suggestion  that 
probably  the  presence  of  numerous  spots  on  the  surfiace  of  the 
sun  is  indicative  of  increased  chemical  activity,  and  is  accom- 
panied by  increased  radiation  of  heat  The  investigations  and 
theories  of  the  past  ten  years  however  would  lead  us  to  an 
opposite  conclusion  fiom  that  bi  Herschel. 

immediately  on  the  receipt  of  the  Astronomische  Nachrichten 
containing  Wolfs  tabular  view  of  the  relative  frequency  of  the 
solar  spots  for  the  past  three  centuries,  I  made  an  extended 
comparison  of  the  numbers  therein  given  with  such  meteoro- 
logical tables  as  were  then  accessible  to  ma  After  much  labor 
I  was  forced  to  conclude  that  the  variations  of  solar  heat  are  so 
slight  that  they  are  masked  in  the  local  climatic  peculiarites. 

On  further  reflection,  however,  it  seemed  certain  that  the 
heat  radiated  from  a  dark  spot  should  be  of  low  intensity,  and 
would  therefore  be  largely  absorbed  by  the  aqueous  vapor  of 
our  own  atmosphere  as  well  as  by  that  of  the  sun.  I  have 
therefore  been  latelv  led  to  make  a  special  study  of  the  series 
of  observations  maae  on  the  Hohenpeissenberg,  and  published 
in  the  supplementary  volume  L  of  the  Annals  of  the  Munich 
Observatory.*  This  series  specially  deserves  attention  because 
of  the  remarkable  uniformity  of  the  circumstances  under  which 
the  observations  were  madte;  it  extends  from  1792  to  1850, 
omitting  the  years  1798,  1799,  1811, 1812  and  1817. 

Assuming  that  the  number  of  visible  solar  spots  or  gwmps 
are  an  index  of  the  existing  solar  radation  of  heat,  we  have  but 
to  compare  the  number  {s)  expressing  the  relative  spot  frequency 
as  given  by  Wolf  with  the  mean  annual  temperature,  (^)  as 
given  by  Lamont  The  solution  of  the  equation  ^=^+^  gives 
us  ^  and  t,  which  latter  is  the  coefficient  of  solar  spot  influence 
on  the  radiation  of  heat 

The  accompanying  table  exhibits  for  each  year  the  value  of 
s  and  ^, — ^tiie  latter  expressed  in  degrees  of  Reaumur. 

The  arithmetical  mean  of  the  annual  temperatures  gives 

Mi=+5^178d=0^-061 
prob.  error  of  one  annual  mean  =±0*449 
The  residuals  are  given  in  the  column  <i— wij. 

Introducing  the  term  ^  we  find  by  the  melhod  of  least  squares 
(<j)=+5^-450(d=0^-086)~5X0*'-00789(db0^-00204) 
p.  e.  of  one  annual  mean  =d:0°*480. 

4>  Volume  Vn,  oantainmg  the  oontinuatioii  of  thia  series  hM  not  jet  been 
reoeived. 
Ax.  JouB.  Sol— SxcoHi)  Sbbixs,  Vol.  L,  No.  150.— Nov.,  ISTO* 
93 
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Year. 

8. 

ti 

<,-m, 

<!-(*.) 

it 

U—nh 

«.-(« 

o 

o 

o 

o 

o 

o 

1792, 

63 

5*38 

+  0-20 

+  0-38 

+  7-11 

+  0-28 

+  0  43 

94 

24 

616 

+  0-98 

+  0-90 

7-77 

+  0*94 

+  0-85 

95 

16 

566 

+  0-48 

+  0-34 

7-32 

+  0-49 

+  0*34 

96 

9 

5-36 

+  0-18 

-002 

6-90 

+  0-07 

-014 

97 

6 

606 

+  0-88 

+  0-66 

7-77 

+  0-94 

+  0-71 

98, 

3 

5-30 

+  012 

-013 

7-61 

+  0-78 

+  0-63 

1800 

10 

6-24 

+  1-06 

+  0-87 

8-68 

+  186 

+  1-66 

01 

31 

5-56 

+  0-38 

+  0-36 

7-23 

+  0-40 

+  0-37 

02 

38 

4-64 

-0-64 

-0-61 

7-50 

+  0-67 

+  0-70 

03 

60 

4-84 

-034 

-0-22 

6-56 

-0-27 

-015 

04 

70 

6-31 

+  013 

+  0-41 

6-87 

+  0-04 

+  0  32 

06 

60 

409 

-109 

-0-97 

6-67 

-116 

-1-04 

06 

30 

6-24 

+  106 

+  1-03 

7-64 

+  0-71 

+  0-67 

07 

10 

6  87 

+  0-69 

+  0-60 

7-44 

+  0-61 

+  0-41 

08 

2 

4*90 

-0-28 

—0-63 

6-47 

-0-36 

-0-62 

09 

1 

6*09 

+  0-91 

+  0-65 

6-80 

-0-03 

-0-30 

io» 

0 

6-56 

+  1-88 

+  111 

8-20 

+  1-37 

+  1-09 

13 

14 

4  39 

-0-79 

-0-95 

6-07 

-0-76 

-0-93 

14 

20 

4-34 

-0-84 

-0-95 

616 

-0-67 

-0*79 

16 

36 

4  05 

-113 

-112 

615 

-0-68 

-0-68 

!«♦ 

46 

3-66 

-1-52 

-1-43 

5-31 

-1-62 

-1-43 

18 

34 

6-57 

+  0-39 

+  0-39 

7-30 

+  0-47 

+  0-46 

19 

22 

6'58 

+  0-40 

+  0-30 

7-30 

+  0-47 

+  0-27 

20 

9 

4-38 

-0-80 

-100 

6-21 

-0-62 

-0-83 

21 

4 

6-42 

+  0-24 

0-00 

707 

+  0-24 

—001 

22 

3 

6-37 

-119 

+  0-94 

809 

+  1-26 

+  1-01 

23 

1 

4-82 

-0-86 

-0-62 

6-67 

-016 

-0-43 

24 

7 

6-83 

+  015 

-0-06 

6-86 

+  0-02 

-0-20 

26 

17 

5-27 

+  009 

-0-06 

700 

+  017 

+  0-03 

26 

29 

516 

-0-03 

-007 

6-80 

—0-03 

-0-08 

27 

40 

506 

-012 

-0-07 

616 

-0-68 

—0-63 

28 

62 

6-46 

+  0-28 

+  0-42 

7-04 

+  0-21 

+  0-35 

29 

64 

3-99 

-119 

-.103 

5-06 

-1-77 

-1-63 

30 

59 

5-00 

-018 

f002 

6-30 

-0-63 

-0-34 

31 

39 

5-39 

+  0-21 

+  0-25 

6-87 

+  004 

+  0-07 

32 

22 

4-96 

-0-22 

-0-32 

6-70 

-013 

-0-23 

33 

8 

617 

-001 

-022 

6-07 

-0-66 

— 0-97 

34 

11 

6-99 

+  0-81 

+  0-63 

7-88 

+  105 

+  0  86 

35 

46 

4-69 

-0-49 

-0-40 

6-26 

-0-57 

-0-48 

86 

97 

4-98 

-0-20 

+  0-30 

6-61 

-0-32 

-018 

37 

111 

4-23 

-0-96 

-0-34 

5-74 

-109 

—0-48 

38 

83 

4-20 

-0-98 

-0*60 

6-76 

-107 

-0-68 

39 

68 

610 

-0-08 

+  0-20 

6-82 

-    01 

+  0-26 

40 

52 

4-38 

-0-80 

-0-66 

6-96 

-  -87 

-0-73 

41 

30 

6-60 

+  0-42 

+  0  39 

7-37 

+  -64 

+  0-50 

42 

20 

609 

-009 

-0-20 

6-80 

-     -3 

-015 

43 

9 

524 

+  006 

-014 

6-79 

-     -4 

—0-25 

44 

13 

4-67 

-0-51 

-0-68 

6-32 

-  -61 

-0-«8 

46 

33 

4-87 

—0-31 

-0  32 

6-58 

-  -26 

— 0-J6 

46 

47 

624 

+  1-06 

+  116 

7-87 

+  1-04 

+  114 

47 

79 

5-06 

-013 

+  0-22 

6-76 

-     -7 

+  0*28 

48 

100 

6-62 

+  0-44 

+  0-96 

7-36 

+   -63 

+  1-06 

49 

96 

6-27 

+  009 

+  0-68 

703 

+   -20 

+  0-69 

1860 

64 

4-76 

-0-42 

-019 

6-46 

-  -88 

-0-16 
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That  the  probable  errors  are  on  the  whole  very  little  dimin- 
ished, is  owing  to  the  presence  of  a  few  large  discordances ;  on 
the  other  hand,  the  small  probable  error  of  the  coefficient  of  s 
would  indicate  that  it  has  a  real  existence^ 

As  the  daily  2  P.  M.  observation  may  be  supposed  to  show 
with  specid  clearness  the  direct  heating  power  of  the  sun,  I 
have  sought  for  a  confirmation  of  the  preceding  results  by 
applying  the  same  formula  to  the  annual  means  of  the  tem- 
peratures observed  at  this  hour. 

The  annual  mean  temperature  at  2  P.  M.  is  given  for  each 
year  in  the  column  /^  of  tne  accompanying  table. 

The  arithmetical  mean  gives 

M,=  +6°-830zh0°-067 
p.  e.  of  one  annual  mean  =db0°'489 
The  solution  for  the  co-efficient  of  s  gives 

(^)=+7^-108(db0°100)-5X0°-O0801(dz0°-00221) 
p.  a  of  one  annual  mean  =±0*465. 

This  result  therefore  corroborates  the  former  in  indicating  a 
decrease  in  the  amount  of  heat  received  fi^om  the  sun  during 
the  prevalence  of  spots — a  result  clearly  in  harmony  with  the 
recent  investigations  into  the  nature  of  the  solar  photosphere. 

The  reality  of  the  existence  of  the  above  coefficient  of  s  will 
be  rendered  more  striking  to  the  eye  if  the  mean  of  several 
years'  observations  is  taken  at  the  period  of  maximum  and 
minimum  spot  frequency. 

It  would  be  interesting  to  seek  in  the  above  residuals  for 
evidence  of  other  temperature  periods  than  that  dependent  on 
the  eleven  year  spot  period.  There  are  indeed  plain  indications 
of  such  a  period  of  about  fifty  or  fifty -five  years  duration — 
probablv  iaentical  with  Wolfs  fifty -six  year  period — but  our 
series  of  observations  is  not  extended  enough  to  justify  any 
exact  conclusion. 

If  we  acknowledge  the  probability  of  a  connection  between 
planetary  configurations  and  solar  spots,  then  we  are  at  once 
led  to  make  a  direct  connection  between  the  former  and  the  tem- 
perature variations.  Such  an  investigation  I  have  begun  and 
the  indications  are  that  positive  results  will  be  attained,  and 
such  as  will  demonstrate  that  the  solar  spots  are  but  an  imper- 
fect index  to  the  periodic  changes  in  the  solar  radiation ;  these 
periodic  changes  being  apparently  more  intimately  and  directly 
connected  wiSi  the  tides  in  the  cool  atmosphere  surrounding 
the  solar  photosphere.  The  results  of  this  investigation  will  be 
made  known  so  soon  as  the  recent  observations  on  the  Hohen- 
peissenberg  can  be  incorporated  into  the  work. 

Oindniiati,  July  20,  1870. 
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Abt.  XXXVL — On  a  new  meAod  of  dekrmining  the  Level-error 
of  the  axis  ofameridtcm  instrument;  by  C.  A.  YouNG,  PkD., 
rrofessor,  of  Natural  Philosophy  and  Astronomy  in  Dart- 
mouth College. 

[Read  at  the  Troy  meetiug  of  the  Am.  Association  for  the  Advanoement  of  Sdeiioe  ] 

The  inclination  of  the  axis  of  a  meridian  instrument  to  a 
horizontal  plane  has  hitherto  been  measured  by  three  diflFereni 
methods :  by  the  use  of  the  spyit  level ;  by  examining  with  a 
collimating  eye-piece  the  image  of  the  wires  as  in  namr-point 
observations,  the  coUimation  having  been  previously  determined 
either  by  reversal  of  the  instrument  or  by  collimators;  and 
lastlv  by  observing  the  transits  of  stars  by  reflection  fix>m  an 
artincial  horizon. 

The  first  of  these  methods  is  by  &r  the  most  used,  and  with 
portable  instruments  is  sufficiently  convenient  Still  it  requires 
a  good  deal  of  time,  and,  in  the  case  of  a  lar^e  instrument,  of 
hard  work;  and  if  there  are  sensible  irre^larities  upon  the 
pivots  of  the  instrument  it  is  a  very  troublesome  operation  to 
ascertain  and  applv  the  necessary  corrections. 

The  second  and  third  methods  are  still  more  laborious :  the 
second  gives  the  level  error  corresponding  to  but  one  single 
position  of  the  telescope,  L  e.,  with  the  telescope  pointing  down- 
ward, and  is  therefore  liable  to  a  constant  error  depending 
upon  any  malformation  of  the  pivots  which  affects  the  instru- 
ment in  this  particular  position :  the  third  method  can  be  used 
only  when  the  air  is  perfectly  stilL 

The  method  I  have  to  propose,  allows  the  determination  of 
this  error  without  any  further  labor  than  two  readings  of  a 
microscope,  in  any  j>osition  of  the  telescope^  and  without  that 
uncomfortable  climbing  which  is  involvea  m  the  use  of  tiie 
striding  level  or  nadir  observations. 

The  annexed  diagram  illustrates  the  arrangement  of  the 
apparatus,  in  which,  however,  no  regard  is  paid  to  the  relative 
proportion  of  parts;  the  prism  and  mercurial  horizon  being 
grossly  exaggerated  in  size  for  the  sake  of  distinctness. 

The  axis  of  the  instrument  is  to  be  fitted  up  as  a  collimator 
in  the  same  manner  already  practised  by  Challis,  Airy  and 
others.  In  place  of  cross-wires,  however,  ,the  extremity  A 
should  be  provided  with  a  plate  of  thin  glass  having  a  mmute 
dot  or  circle  engraved  upon  it,  the  plate  being  adjustable  so 
that  this  dot  can  be  brought  into  the  geometrical  axis  of  rev- 
olution and  into  the  focus  of  the  small  object-glass  which  is 
situated  in  the  other  pivot,  O.  A  reading  microscone,  M,  is 
attached  to  the  pier  and  provided  with  an  ordinary  collimating 
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eye-piece  N,  by  wliich  light  can  be  thrown  upon  the  dot  through 
the  tube  of  the  microecopa    This  enables  us  to  measure  the 


vertical  distance  between  the  dot  and  its  image  formed  by  re- 
flection in  the  manner  to  be  described. 

Opposite  O  is  fixed  a  prism  shaped  like  that  of  a  camera 
luciaa,  which  by  two  total  reflections  bends  the  light  through  a 
right  angle.  Immediately  below  it  is  placed  a  mercurial  horizon. 
If  an  ordinary  right  angled  prism  were  employed,  producing 
the  bend  by  a  single  reflection,  then  any  custurbance  of  the 
prism  would  disturb  twice  as  much  the  relation  between  the  ray 
passing  from  A  to  0  and  that  returning;  but  with  a  prism  of 
the  form  proposed  this  relation  is  independent  of  any  small 
changes  in  the  position  of  the  prism.  Distortion  of  the  prism, 
which  is  hardly  to  be  feared,  could  alone  do  any  hann. 

A  prism  of  this  form  and  mercurial  horizon,  Itvus  comhinedj 
form  in  effect  a  vertical  plane  rnvrror,  whose  verticaliiy  is  indepen- 
dent of  any  small  instability  of  the  pier  upon  which  it  is  mounted. 

It  is  then  easy  to  see  that  if  the  dot  be  accurately  centered 
and  if  the  axis  is  level  the  image  of  the  dot  will  exactly  coincide 
with  the  dot  itself,  provided  that  the  reflecting  angle  of  the 
prism  be  exactly  186^.  I^  however,  the  angle  vary  slightly 
from  this  the  image  of  the  dot  will  fall  above  or  below  the  dot 
itself  by  a  small  amount,  which  will  be  constant,  and  can  be 
determined  once  for  all  by  any  one  of  several  different  methods. 
Any  deviation  of  the  axis  from  horizontality  will  immedi- 
ately be  indicated  by  a  change  in  this  distance  twice  as  laige 
as  the  deviation  itself,  and  may  be  accurateljr  measured  by  the 
microscope.  Anjr  inaccuracy  in  the  centering  of  the  dot  is 
immediately  eliminated  by  taking  two  measurements  in  opposite 
positions  of  the  telescope. 

The  mercurial  horizon  employed  should  of  course  be  so  de- 
vised as  to  be  free  from  tremors  as  far  as  possibla  The  form 
recently  described  by  J.  Hi  Lane,  of  the  U.  S.  Coast  Survey,  ap- 
pears to  leave  little  to  be  desired  in  this  respect 

There  is  no  difficulty  in  arranging  the  apparatus  so  that  the 
ordinary  illumination  of  the  wires  at  the  eye-piece  of  the  teles- 
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cope  shall  be  eflFected  by  the  light  transmitted  through  the  body 
of  the  microscopa  So  arranged,  the  apparatus  remains  in  con- 
stant readiness  for  use,  and,  as  before  remarked,  requires  only 
the  labor  of  taking  two  microscope  readings  for  each  determin- 
ation of  level  error,  without  involving  any  disturbance  of  the 
setting  of  the  instrument 

I  may  add  in  closing,  that  this  virtual  mirror  of  constant  incli- 
nation to  the  horizon  may  easily  find  other  applications, — as  for 
instance  in  determining  the  horizontal  points  of  a  vertical  circle 
where  the  object  glass  ol  the  instrument  is  not  so  large  as  to 
require  a  too  unwieldy  and  expensive  prism. 

Hanover,  N.  H.  Aug.  1,  1870. 


Art.  XXXVn. — Influence  of  TempercUure  on  the  modulus  of 
Elasticity  of  certain  Metals ;  by  F.  KoHLBAUSCH,  Ph.D.,  and 
Francis  E.  Loomis,  Ph.D. 

[Communioated  in  extracts  to  the  Academy  of  Sciences,  Gdttingen,  Maj  7,  1870.] 

The  results  obtained  by  Wertheim,*  in  his  investigations  re- 
specting the  influence  of  temperature  on  elasticity,  have  thus 
fer  generally  served  as  a  basis  for  calculation.  It  will  be  ob- 
served in  comparing  these  data,  that  for  certain  substances,  espe- 
cially for  iron,  the  singular  phenomenon  manifests  itself  tnat 
for  aifferent  temperatures  the  variations  of  the  modulus  under- 
go a  change  of  sign.  From  0°  C.  to  100°  the  modulus  increases, 
and  then  from  1(X)°  to  200°  decreases.  This  increase  is  certain- 
ly altogether  contrary  to  what  would  naturally  have  been  ex- 
pected. Such  a  maximum,  however,  is  still  more  remarkabla 
In  view,  therefore,  of  the  uncertaintv  of  the  results  of  investi- 
gations thus  far  made  known,  and  the  importance  of  an  accu- 
rate knowledge  of  the  variations  of  the  modulus  of  elasticity 
for  different  temperatures  in  many  of  the  finer  measurements, 
the  present  investigations  were  undertaken  with  a  view  if  pos- 
sible of  obtaining  more  reliable  results  for  some  of  the  metals 
of  greatest  practical  utility.  For  practical  purposes  it  would 
suffice  to  determine  the  variations  of  elasticity  within  the  lim- 
its of  the  more  ordinarily  occurring  temperatures.  This  was 
partially  accomplished  by  Kupffer,  whose  investigations  we  shall 
refer  to  hereafter.  Nevertheless  in  consequence  of  the  results 
obtained  by  Wertheim,  it  appeared  of  especial  interest  to  deter- 
mine again  the  variations  in  regard  to  their  uniformity,  as  well 
as  in  regard  to  a  change  of  sign.  The  observations  were  ex- 
tended therefore  to  high  temperatures,  in  general  from  90^  to 
20°  C,  and  in  one  case  very  nearly  to  0°.     Within  these  limits 

*  Pogg.  Ann.  Erg..  Band  2,  a  61 ;  Ann.  de  Chimie,  3<°«  S.,  T.  12,  p.  443. 
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the  variations  in  the  elasticity  can  b#  determined  from  the  ob- 
servations with  great  accuracy.  Since  they  show  a  remarkable 
uniformit;jr,  there  can  be  no  hesitation  in  assuming  the  result- 
ing empirical  formula  as  very  nearly  accurate,  considerably  be- 
yond these  limits. 

It  is  scarcely  necessary  to  observe  that  the  investigations  of 
Wertheim  have  afforded  the  most  valuable  material  for  a  knowl- 
edge of  the  coefficient  of  elasticity.  His  method  of  observa- 
tion, however,  is  little  adapted  to  aSford  a  solution  of  the  ques- 
tion here  under  consideration.  For  Wertheim  determined  the 
absolute  moduli  of  elasticity  by  means  of  the  dilatation  of  bars 
and  wires  at  different  temperatures.  The  difficulties  besetting 
an  absolute  determination  of  the  variations  of  quantities 
amounting  in  all  to  only  about  l^"*™  are  obvious.  Tney  were 
especially  serious  for  the  higher  temperatures,  since  the  imper- 
fect heating  apparatus  of  Wertheim  could  not  be  kept  at  a  con- 
stant temperature  for  any  considerable  period  of  time,  and,  in 
consequence,  the  variations  in  length  due  to  the  fluctuations  of 
temperature,  inevitablj^  exercised  a  serious  influence  on  those 
arising  jfrom  a  change  in  elasticity.  Wertheim  himself  desig- 
nated these  investigations  as  not  rigorously  accurate.*  It  would 
unquestionably  have  been  more  rational  to  confine  the  absolute 
determinations  to  ordinary  temperatures,  and  to  determine  the 
influence  of  the  temperature  by  means  of  other  methods  which 
here  as  in  other  cases,  where  it  is  a  question  merely  of  varia- 
tions, are  capable  of  a  much  greater  sensibility.  The  influence 
of  the  fluctuations  of  the  temperature  on  the  length  of  the  ob- 
ject will  always  occasion  serious  inconvenience  in  investigations 
on  dilatation. 

All  these  difficulties  disappear,  however,  and  at  the  same 
time  the  most  accurate  method  of  observation  is  obtained,  by 
employing  for  investigation  the  torsion  elasticity,  whose  choice 
is  mrtner  to  be  recommended  from  the  fact  that  torsion  is  so 
generally  employed  in  measurements.  If  a  wire  is  loaded  with 
a  weight,  ana  set  in  vibration  about  its  vertical  axis,  the  recip- 
rocal value  of  the  square  of  the  time  of  vibration  affords  a  di- 
rect measure  for  the  coefficient  of  the  torsion  of  the  wire. 
Since  observations  of  the  period  of  vibration  are  among  the 
most  accurate  known  in  physics,  the  variations  of  elasticity 
may  be  thus  determined  with  all  the  rigor  desirable. 

1.  Apparatus  and  mode  of  cbservatum, — The  following  disposi- 
tions were  adopted  for  the  practical  application  of  this  method. 
(See  fig.  in  about  jV  natural  size).  The  vibrating  body  consisted 
of  a  cylindrical  leaden  weight  with  vertical  axis.  Above  it, 
attached  to  a  brass  rod,  is  a  mirror  for  the  purpose  of  observa- 
tion with  telescope  and  scala     The  wire  is  clamped  at  each  end 

*  Ann.  de  Ohimie,  3n»e  a,  T.  12,  p.  400  and  401. 
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between  brass  plates,  of  which  the  lower  pair  could  be  united 
to  the  weight  oy  means  of  a  upsilon  rest,  and  the  upper  pair 
3.  in  like  manner  to  a  brass  rod  scirewea  into  a 

wooden  pivot  The  latter  was  so  secured  in  a 
solid  support  fixed  to  the  wall  as  to  be  capable 
[  of  rotation.  The  torsion  vibrations  were  com- 
municated to  the  weight  by  revolving  the  pivot 
by  means  of  a  lever.    (Omitted  in  the  figure^ 

The  space  within  which  are  enclosed  the  wire 
and  a  verj^  considerable  length  of  the  connect- 
ing pieces  is  the  hollow  core  of  a  double  cylinder 
of  tin,  so  constructed  that  the  space  inclosed 
between  the  two  cylinders  could  be  heated. 
For  the  determination  of  the  temperature,  three 
thermometers  were  prepared,  such  that  the  quick- 
silver reservoirs  are  at  diflferent  distances  iix>m 
the  zero  point    When  the  graduated  tubes  pro- 
ject from  the  apparatus  from  the  division  0% 
the  quicksilver  reservoir  of  one  of  the  thermometers  is  at  a 
height  corresponding  to  the  middle  of  the  wire  and  dose  beside 
it     The  other  two  quicksilver  reservoirs  are  at  each  end  of  the 
wire,  and  arranged  symmetrically  around  it     The  two  latt^* 
thermometers  alone  are  represented  in  the  figure.     The  readings 
were  made  by  means  of  a  telescopa 

The  tin  cylinder  Was  tightly  inclosed  on  all  sides  with  a  cov- 
ering of  felt  of  about  a  centimeter  in  thickness.  It  stood  upon 
a  support  attached  to  the  wall.  The  weight  and  mirror  were 
contained  in  a  box  closed  in  front  with  a  glass  slide.  These 
details  are  omitted  in  the  figure. 

It  was  originally  designed  to  fill  the  vessel  with  water  at 
different  temperatures,  but  a  simpler  method,  at  first  only  em- 
ployed to  test  what  results  might  be  expected,  proved  better 
adapted  to  the  end  in  view.  The  felt  envelop  renders  the  loss 
of  heat  so  gradual,  that  the  empty  apparatus,  previously  heated 
with  steam,  cools  with  sufl&cient  slowness  to  permit  the  period 
of  vibration  at  different  temperatures  to  be  ooserved  with  accu- 
racy during  the  process.  Accordingly  the  apparatus  was  heat- 
ed for  a  series  of  observations  by  the  admission  of  steam,  until 
the  temperature  became  tolerably  stationary.  The  steam  con- 
nection was  then  interrupted,  and  the  temperature  and  vilM»- 
tions  alternately  observed.  Thus  the  variations  of  the  elasticity 
of  a  wire  for  different  temperatures  are  obtained  in  the  course 
of  a  few  hours.  This  simple  mode  of  procedure  affords  at  the 
same  time  the  advantage  of  leaving  the  apparatus  untouched 
from  the  beginning  to  the  end  of  a  series  or  observations,  ex- 
cepting only  a  slight  turning  of  the  wooden  pivot,  when  the 
amplitude  of  the  vibrations  becomes  too  small     Several  days 


Digitized  by  VjOOQ  IC 


on  the  Elasticity  of  certain  MetcUs.  868 

were  required  for  hot  water  to  aflsume  the  temperature  of  the 
room,  and  it  is  not  advisable  to  compare  together  observations 
made  at  long  intervals,  since  the  longer  the  interval  the  greater 
also  becomes  the  danger  that  the  conditions  of  the  observation 
change  in  a  manner  to  exCTcise  on  the  period  of  vibration  an  in- 
fluence feeble  indeed,  yet  perhaps  sensible,  in  view  of  the  slight 
extent  of  the  variations  under  consideration.  For  the  same  rea- 
son there  are  objections  to  employing  water  at  different  tempe- 
ratures, since  its  renewal  is  scarcely  possible  without  jarring  the 
apparatua 

2.  Seduction  of  the  observations. — ^In  the  calculation  of  the  data 
obtained  fix)m  observations  made  with  gradualljr  diminishing 
temperatures,  certain  corrections  are  necessary,  which  render  the 
reductions  somewhat  complicated.  The  manner  in  which  the 
calculation  was  conducted,  can  be  best  explained  by  means  of 
an  example  in  detail     It  is  relative  to  a  copper  wire. 

Each  period  of  vibration  was  obtained  according  to  the  well 
known  method  of  Ghtuss  from  two  times  of  elongation,  of  which 
each  depended  in  this  case  on  six  observations  of  the  passage  of 
the  spioer  line  through  the  position  of  rest  These  times  of 
elongation  are  contained  in  the  first  column  of  Table  L  (See 
below).  In  the  second  column  is  contained  the  number  of 
vibrations  transpired  between  these  times;  in  the  third  the 
period  of  vibration  obtained  by  the  division  of  the  intervals  in 
column  one,  by  the  numbers  in  column  two. 

Tablb  1. 

Kiim)>er  Temperature 


Ttmesof  of  Period  of 

elongation.  Tlbrationt.      Tibration.         Obeerved.      Conreottoni.      Corrected, 

h  m  B 


10         64        29-93 
67         69-90 


79-4  -3-06  76-34 

75-2  -2-96  72-26 

71-8  —2-83  68-97 

66-4  -2-61  63-79 

Q«        Aa-fiO  --  --—  ^^'^  -2  28  66-62 

o?        ?:.;«  26  20-8248  627  -204 


11  1  8-60 

4        17-08 

12         88-68 


31  2412 

4i  64-73 

67  22-14 

12        17  24-78 

49  9-78 

1        22  16-66 

27  26-80 


10 

20-9970 

9 

20-9667 

9 

20-9422 

24 

20-9000 

29 

20-8668 

26 

20-8248 

39 

20-7849 

36 

20-7614 

68 

20-7362 

92 

20-7066 

96 

20-6861 

16 

20-6767 

60-66 

46-7  -1-78  44-92 

41-3  -1-66  89-74 

36-4  -1-36  3604 

31-2  -116  3006 

27-0  -1-00  26-00 

26*2  -0-92  24-28 


The  temperatures,  column  4,  corresponding  to  the  several 
periods  of  vibration,  were  obtained  by  a  graphical  representa- 
tion of  all  the  observed  temperatures.  The  arithmetical  mean 
was  first  taken  of  each  three  simultaneous  readings  of  the  ther- 
mometers, and  then  traced  on  coordinate  paper,  with  the  time 
of  its  observation  as  abscissa.  The  temperature  for  any  mo- 
ment can  then  be  obtained  firom  the  curve,  with  an  accuracy  of 
about  0°*2  for  the  higher  and  about  0°1  for  the  lower  tempera- 
tures.    The  numbers  in  the  4th  column  are  these  mean  temper- 
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atures  for  the  several  periods  of  vibration,  L  e.  they  give  the 
reading  of  the  thermometew  for  the  mean  moment  between  the 
b^innmg  and  end  elongation.  When  the  interval  of  time  is  so 
considerable  that  the  cofresponding  curve  cannot  be  regarded  as 
a  straight  line,  the  temperature  t  would  be  thus  obtained  some- 
what too  low.  To  determine  the  true  value,  the  arithmetical 
mean  t^  was  taken  fix>m  the  temperatures  which  correspond  to 
fhe  beginning  and  end  time  of  elongation.  The  correct  tempe- 
rature is  then  t  -^- 


8 

Correction  of  the  readings  of  the  thermometers. — ^The  numbers 
in  the  4th  column  give  the  true  t^nperature  of  the  wire  on 
condition,  1st,  that  the  thermometers  are  accurate;  2d,  that 
their  temperature  for  each  instant  is  the  same  as  that  of  the 
space  in  which  they  hang.  The  heavier  connecting  pieces  at- 
tached to  each  extremity  of  the  wire  extend  so  fer  within  the 
heated  space  that  the  difference  of  temperature  which  might 
result  in  the  wire  fix>m  conduction  may  be  neglected.  It  may 
be  assumed,  therefore,  that  the  very  fine  wire  follows  sensibly 
the  temperature  of  the  space  within  which  it  is  suspendei 
Since  finally  the  readings  of  the  upper  and  lower  thermome- 
ters differed  fix)m  the  mean  of  all  three  in  the  highest  tempera- 
tures only  some  2^*5,  the  mean  can  be  regarded  as  the  tempera- 
ture of  the  wire,  without  sensible  error. 

The  above  two  conditions,  however,  must  be  fulfilled,  or 
since  they  are  not  fulfilled,  the  readings  must  be  corrected. 

1.  The  three  thermometers  were  therefore  first  calibred,  and 
their  fixed  points  determined.  Thence  tables  were  constructed 
containing  the  corrections  with  regard  to  a  quicksilver  ther- 
mometer theoretically  accurate.  The  three  tables  united  in 
one,  permit  then  to  apply  the  correction  directly  to  the  mean 
value  of  the  three  reaaings. 

2.  Secondly,  in  consequence  of  the  considerable  mass  of 
quicksilver,  tne  thermometers  do  not  follow  the  temperature  of 
the  space  so  completely  as  can  be  assumed  of  the  fine  wire. 
Now  according  to  well  known  laws,  the  amount  of  heat  lost  by 
a  body,  and  consequently  therefore  also  the  variation  of  its 
temperature,  is  proportional  to  the  difference  of  its  temperature 
and  that  of  the  surrounding  space.  Since  in  the  present  case, 
the  velocity  of  the  variation  of  temperature  of  the  thermome- 
ters is  known  for  each  moment,  it  is  only  necessary  to  deter- 
mine once  for  all  the  relation  of  the  true  temperature  to  that 
indicated  by  the  thermometers,  to  be  able  to  calculate  the  dif- 
ference, i  e.  the  correction  of  the  readings.  For  this  determi- 
nation a  very  delicate  thermometer  was  employed,  whose  cylin- 
drical quicksilver  reservoir  possessed  a  diameter  of  only  some 
3™"*,  and  contained  in  all  less  than  1*5  gr.  of  quicksilver.     It 
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was  assumed  that  this  thermometer  follows  the  gradually  dimin- 
ishing temperature  of  the  air  'to  within  a  n^igable  fraction, 
and  the  three  thermometers  were  compared  with  it,  under  con- 
ditions similar  to  those  existing  in  the  observations  on  elasticity. 
All  three  thermometers  were  disposed  at  an  equal  height  with 
the  thermometer  of  comparison,  in  the  gradually  diminishing 
temperature  of  the  hollow  space  of  the  tin  cylinder,  and  simul- 
taneous readings  were  made.  They  were  also  compared  togeth- 
er in  the  ordinary  manner  in  water  of  diflferent  temperatures. 
Prom  these  observations,  which  were  conducted  by  Mr.  Grotri- 
an,  it  resulted  that  the  mean  of  the  readings  of  the  three  ther- 
mometers remained  2^*02  behind  the  temperature  of  the  ther- 
mometer of  comparison,  when  the  velocitv  of  the  diminishing 
temperature  amounted  to  1®  in  I  min.  The  correction  of  the 
reaoings  due  to  the  mass  of  quicksilver  is  therefore 

where  t  denotes  the  temperature  of  the  thermometers,  and  t  the 
time  expressed  in  minutes.  We  obtain  thus  the  temperatures 
which  would  have  been  observed,  if  thermometers  had  been 
employed  containing  the  same  amount  of  quicksilver  as  the 
thermometer  here  employed  for  comparison. 

8.  Finally  a  third  correction  is  necessitated  by  the  fact  that 
the  column  of  quicksilver  of  the  thermometers,  beginning  with 
the  zero  point  of  graduation,  possessed  a  lower  temperature  in 
consequence  of  projecting  outside  of  the  apparatus.  There  ex- 
ists as  yet  no  simple  method  of  determining  the  mean  tempera- 
ture oi  the  projecting  column.  It  was  assumed  to  have  pos- 
sessed the  temperature  of  the  air  to  the  extent  of  three  parts, 
and  that  of  the  interior  of  the  apparatus  one  part.  If  ^o  ^^* 
notes  the  temperature  of  the  room,  the  correction  of  the  read- 
ing T  is  therefore  -.}T(r-T^)  0,00016. 
^  This  value  cannot  be  far  removed  from  the  truth.  It  coincides 
*  with  the  diflference  which  the  determination  of  the  boiling  point 
aflforded,  according  as  the  thermometers  were  placed  in  the 
steam  only  to  the  zero  point  of  graduation,  or  to  the  boiling 
point  Tne  uncertainty  of  this  assumption  is  at  all  events  of 
small  importance,  since  the  whole  correction  for  the  highest 
temperature  (90®)  amounts  only  to  0°*8. 

Tnus,  three  corrections  are  to  be  applied  to  the  readings  of 
the  thermometers.  The  first,  whicn  relates  to  the  ordinary 
errors,  is  a  function  of  the  temperature ;  the  second,  in  conse- 
quence of  the  mass  of  the  quicksilver,  is  a  function  of  the 
velocity  of  the  diminution  of  the  temperature ;  the  third,  final- 
ly, in  consequence  of  the  column  of  quicksilver  projecting  fi'om 
the  apparatus,  depends  on  the  diflference  of  the  outer  and  inner 
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temperatures.  Nearly  the  same  conditions  prevailed,  however, 
during  all  the  series  of  observation&  The  temperature  of  the 
room  differed  from  the  mean  at  most  5^,  and  consequently 
the  velocity  of  the  diminution  of  the  temperature  of  flie  ap- 
paratus depends,  within  n^ligable  differences,  on  the  inner 
temperature  alone,  as  is  confirmed  indeed  bv  the  obs^rvaiionB 
themselvea  Thus  the  true  velocity  of  the  diminution  for 
different  temperatures  could  be  determined  from  a  few  series 
of  observations,  whence  by  multiplication  with  202,  (see  pi 
856)  the  correction  itself  is  obtainea  as  junction  of  the  temper- 
ature. 

In  like  manner,  for  the  calculation  of  the  third  correction  in 
the  formula  (p.  855),  it  was  permissible  to  take  T^r=:20^  as  a 
mean  for  all  the  observations. 

The  corrections  may  now  be  very  much  simplified  by  uniting 
all  three  in  tabular  form,  viz :  for  reading, 

0**        10**        20**        80"*        40'        60'        60'        70*        80'        90' 

the  correction  is 

o'^o*  -o'-4   -o'-7    -ri    -i'-6    -i'-»    -rs   -j'-s    -s'-i    -s'-a 

The  interpolation  for  intermediate  temperatures  was  accom- 

Elished  by  means  of  a  graphical  representation  of  this  tabla 
Q  one  case,  however,  when  the  apparatus  was  filled  with  water, 
and  the  velocity  of  refiigeration  could  be  neglected,  the  cor- 
rections 1  and  8  were  applied  separately. 

Correction  of  the  observed  periods  of  vwration. — 1.  In  the  pres- 
ent investigations  we  are  seeking  the  variations  of  the  modulus 
of  elasticity  caused  by  a  change  of  temperature,  whereas  we 
observe  the  directive  force  of  the  whole  wire,  which,  in  conse- 
quence of  the  heating,  experiences  a  dilatation,as  well  as  a 
change  in  its  elasticity.  Smce  this  directive  force  of  the  wire 
depends  on  the  length  and  section  as  well  as  on  the  modulus  of 
elasticity,  it  is  necessary  to  investigate  what  corrections  are 
thereby  necessitated. 

It  is  an  interesting  fact  that  no  correction  at  all  is  necessary. 
The  dilatation  in  length  and  breadth  completely  neutralize 
each  other. 
If  we  denote  by 

I    the  len^h  of  the  wire, 

r    the  radius, 

m  the  mass  of  the  unity  of  length, 

K  the  moment  of  inertia  of  the  vibrating  weight, 

t    the  time  of  vibration, 

*  It  is  merely  an  accidental  ooincidence,  that  there  is  no  oorreotioQ  to  be  i^ 
plied  to  the  readinu:  0**.  The  mean  of  the  aero  points  of  the  three  thermometers 
happens  to  be  perfectly  accurate. 
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D  the  direotive  force  of  the  wire,  i  e.  the  moment  of  revolution 

180° 
which  it  exercises  for  a  torsion  angle  of  =  57°*296. 

B    the  modnlui  of  torsion  of  the  substanoe  constituting  the  wire, 


w 


a 


we  have  •  D=  —  K 

and  «  = i  = 5^,  (1) 

where  g  denotes  the  acceleration  due  to  gravity,  and  b  is  the 
number,  the  quintuple  of  which  (according  to  the  theory  of 
Poisson,  L  e.  when  the  ratio  of  the  transversal  contraction  to 
the  longitudinal  dilatation  is  =^)  multiplied  by  g  gives  the 
square  of  the  velocity  of  sound  in  the  substance. 

When  now  in  consequence  of  a  change  of  temperature,  the 
elasticity  and  dimensions  of  the  wire  vary,  the  time  of  vibra- 
tion i  cnanges  also.  If  we  denote  the  variations  of  B^l^m^r 
and  ^,  occurring  for  a  small  change  of  temperature,  by  ds^  d  Z, 
drrif  dr  and  dt,we  obtain  by  differentiating  (1)  logarithmically, 
dB^^dl_  dm  2dr  2dt 
B  '^    I         m  r    ^    t    ' 

But  on  the  supposition  that  the  wire  experiences'  an  equal  dila- 

tation  in  all  directions  on  account  of  the  temperature  -j  =  — . 

Also  since  m  denotes  the  mass  of  the  unity  of  length,  obviously 
dm  _  dl  _JLt  ^  . 
m       "7         r  ■ 

Therefore  ^^^2^.  (2) 

B  V 

The  modulus  of  torsion  e  is  therefore  without  correction  re- 
ciprocally proportional  to  the  square  of  the  time  of  vibration. 

The  definition  of  the  modulus  of  elasticity  assumed  here  as 
a  basis,  denotes,  with  regard  to  the  dilatation,  the  weight  which 
must  be  suspended  to  a  wire,  whose  unity  of  length  is  tiie  same 
as  the  unity  of  its  mass,  to  double  tiie  length.  In  practice  it  is 
customary,  though  frequenfly  less  convenient,  to  employ  the 
section  instead  of  the  weight  of  the  unity  of  length.  In  such 
case,  the  above  expression  (1)  must  be  multiplied  further  by 
the  density  of  the  substance,  and  the  coefficient  of  the  cubical 
dilatation  Sa  must  be  subtracted  from  formula  (2),  so  that 
dB^ 2dt 

B  *"       t 

•  4».)sa(m+(<m)(2+42> 
dm     _dl 
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2.  A  small  correction  is  necessary  when  the  moment  of  iner- 
tia of  the  vibrating  weight  changes  in  consequence  of  fluctua- 
tions in  the  temperature.  In  general  it  is  inconsiderable  in  the 
same  series  of  observations.  The  temperature  in  the  box  con- 
taining the  vibrating  weight  was  observed  firom  time  to  time, 
and  the  period  of  vibration  corrected  when  changes  bf  tempe- 
rature occurred  This  was  accomplished  by  multiplying  the 
observed  time  of  vibration  by  1-0,00008.At,  where  0,00003 
denotes  the  coefficient  of  the  linear  dilatation  of  lead,  and  A' 
the  variation  of  temperature. 

8.  Theoretically  the  time  of  torsional  vibrations  should  be 
independent  of  the  amplitude.  In  feet  in  the  present  observa- 
tions on  the  brass  wire,  no  influence  was  perceptibla  The  iron 
wire,  hereailer  to  be  discussed,  was  especially  investigated  with 
respect  to  such  an  influence,  however,  and  showed  a  manifest, 
though  very  small,  increase  of  the  time  of  vibration  for  an  in- 
crement of  amplitude.  The  increase  appeared  to  be  propor- 
tional to  the  latter,  and  on  this  supposition  amountea  to 
O'OOOOS?"^*  or  jyiViTT  of  the  whole  time  for  one  division  of 
the  scale  (if  Vtt  ^  ^^^  d^ee  of  arc).  A  series  of  observations 
on  the  copper  wire  were  incidentally  of  a  nature  to  aflford  the 
means  of  calculating  the  increase  approximately.  It  amounted 
to  0*0000 IS***-  for  one  division  of  the  scala  The  times  of 
vibration  were  reduced  by  means  of  these  numbers  to  an  infi- 
nitelv.  small  amplitude. 

Although  it  would  be  of  interest  to  examine  this  phenome- 
non more  minutely,  it  hardly  enters  within  the  scope  of  the 
object  in  view  in  these  observations.  For  in  consequence  of 
the  inconsiderable  amplitudes  which  we  employed  (at  most  200 
divisions  of  the  scale,  or  some  8^^)  the  correction  in  extreme 
cases  amounted  only  to  O'OOS**-,  and  it  is  almost  completely 
compensated  in  its  influence  on  the  flnal  result 

8.  (Mculaiion  of  the  coefficient  of  temperature. — ^We  have  thus 
far  obtained  a  series  of  temperatures  with  the  corresponding 
times  of  vibration.  From  each  two  pairs  of  corresponding 
values  may  be  readily  derived  the  variation  of  the  elasticity  for 
V.  We  express  it  as  a  function  of  the  total  elasticity  at  0°. 
If  e.  designates  the  modulus  of  elasticity  at  0*^,  and  »,,  «„  the 
moduli  corresponding  to  the  temperatures  »,,  «„  the  desired  de- 
crease for  V  is  found  from  formula  (1)  to  be 

1      1 

where  t^  and  t^  designate  the  times  of  vibration  for  the  tempe- 
ratures T,  and  T„  and  their  squares  are  inversely  proportional 
to  the  modulus  of  elasticity. 
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The  following  Table  2  contains  in  the  second  column  the  pre- 
ceding diminutions  of  the  modulus  of  elasticity  for  1^  taken 
from  Table  1,  by  combining  in  it  each  two  adjoining  values. 
The  time  of  vibration  t^  for  0°  was  obtained  from  the  graphi- 
cal representation  of  the  observations  by  prolongation  of  the 
curve,  a  method  which  affords  sufficient  accuracy.  Thus  it  was 
found  that  ^^ =20*58  sec.  In  the  first  column  is  contained  the 
mean  of  the  two  temperatures  at  which  the  times  of  vibration 
were  observed. 

Tablb  2. 

Decrease  of  the  coelBclent  of  elestloitT 
for  1*  M  ftinc.  of  the  coeff.  of  elaet.  at  (P. 


TemperetQre. 

Obeenred. 

Calcmated. 

Obeerrw-Cale. 

74° 

0,00068 

0,00068 

±0,00000 

71 

69 

67 

+            2 

66 

75 

66 

+          10 

60 

66 

62 

6 

64 

60 

60 

-           10 

48 

65 

67 

+             8 

42 

43 

66 

-           12 

37 

63 

53 

±            0 

33 

66 

61 

+             4 

28 

48 

49 

—             1 

26 

0,00062 

0,00047 

+0,00005 

The  numbers  of  the  second  column  can  be  regarded  as  the 

values  of  — =-  for  the  temperature  «  of  the  first  column.   It 

will  be  observed  that  this  mode  of  observation  affords  the  de- 
crease of  the  modulus  of  elasticity  for  1°  with  tolerable  accu- 
racy, even  for  the  times  of  vibration  for  two  temperatures  dif- 
fermg  only  by  a  few  dcCTees.  (The  greatest  diflference  is  7*^, 
the  smallest  T*\  This  decrease  for  the  brass  wire  is  noticeably 
greater  for  the  higher  temperatures  than  for  the  lower. 

The  numerical  law  of  the  variation  is  to  be  derived  from  all 
the  observations.    We  seek  to  represent  it  by  the  formula 

«=eo  (1— aT^JT^). 
It  would  obviously  be  more  in  accordance  with  the  laws  of  the 
calculus  of  errors  to  determine  the  values  of  the  coefficients  «o, 
a  and  b  by  means  of  least  squares  from  all  the  observed  values 

of «  or  T|^  for  all  temperatures.     This  would  prove,  however, 

when  applied  to  all  the  series  of  observations,  excessivelv  labo- 
rious. 6  would  be  hazardous  to  unite  previously  together  aU 
the  observations  made  on  the  same  wire,  since  the  time  of  vibra- 
tion for  the  same  temperature  appears  to  be  subject  to  slight 
variations  from  one  day  to  another,  probably^  in  consequence  of 
the  considerable  heating  to  which  the  wire  is  subjected. 
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By  differentiatiiig  the  above  eqnatioii  we  obt%iii 

The  left  hand  expression  denotes  the  values  contained  in  the 
second  column  of  Table  2.     If  therefore  we  substitute  these 
values  in  the  above  equation,  the  coefficients  a  and  b  can  be 
readily  calculated. 
By  means  of  least  squares  there  results  for  the  brass  wire 

a=0,000868  2»=0,00000425 

by  means  of  which  the  figures  in  the  third  column  were  calcu- 
lated. In  view  of  the  small  diflferences  of  temperature  the 
accordance  must  be  regarded  as  satisfactory.  It  appears  still 
more  manifest  when  the  time  of  vibration  itself  is  calculated. 
Since  a  and  b  are  known,  the  most  probable  value  of  the  time 
of  vibration  for  0°  may  also  be  readily  determined  by  means  of 
least  squares.    The  calculation  gives  t^  =  20-5696**- 

The  times  of  ^nbration  calculated  fipom  this  value  of  <„  to- 

f  ether  with  the  times  observed,  are  given  in  the  following  Ta- 
le 8.  The  difference  between  the  observed  and  calculated 
values  of  the  times  of  vibration  amoimts  at  most  to  j^j  of  a 
second,  and  indicates  sufficiently  the  admissibility  of  die  sim- 
plified method  of  reduction,  although  the  r^ulanty  in  the  sign 
of  the  differences  would  seem  to  indicate  that  the  rigorous 
method  would  afford  a  still  greater  accordance. 

Tjlblb  3. 


Times  of  TibratkuL 

Temperature. 

Observed. 

Observ.— CalcoL 

76°-84 

20*-9970 

20-9986 

-^•0016 

72-25 

20-9667 

20-9680 

— 0-0013 

68-97 

20-9422 

20-9443 

-0-0021 

63-79 

20-9000 

20-9078 

—0-0078 

56-62 

20-8659 

20-8692 

— 0-0033 

60-66 

20-8248 

20-8218 

+0-0080 

44-92 

20-7849 

20-7869 

-0-0020 

89-74 

20-7614 

20-7569 

- 

1-0-0045 

85-04 

20-7852 

20-7809 

- 

-0-0043 

80-05 

20-7066 

20-7041 

- 

-0-0024 

26-00 

20-6861 

20-6837 

- 

-0-0024 

24-28 

20-6767 

20-6751 

- 

-0-0016 

4.  Teimferature  and  modulus  of  elasticAy  of  xron^  copper  and 
brass. — Tlhe  method  of  observation  and  reduction,  alraswiy  de- 
scribed and  applied  to  an  example,  was  employed  for  wires  of 
iron,  of  copper  and  of  brass.  All  three  wires  were  hard  drawn 
and  of  a  diameter  between  0*2  and  O-S"".  The  copper  wire 
was  composed  of  copper  precipitated  electrolytically.    The  iron 
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and  brass  wires  are  tlie  ordinary  wires  of  commerce  wound  on 
spools. 

To  abbreviate  the  calculation,  the  times  of  vibration  and  the 
temperatures  of  each  series  of  observations  are  united  first  in 
groups  by  taking  the  mean,  and  especial  care  was  taken  to 
allow  about  the  same  weight  to  all  the  several  coefficients  to  be 
derived.  The  observed  data  corrected  according  to  the  rules 
of  chapter  2,  are  contained  in  the  following  Table  4,  in  which 
the  Roman  characters  denote  the  chronological  succession  of 
the  several  series  of  observations. 


Table  4. 

Iron. 

Brasa 

Copper.              1 

I 

Temp. 

Vlbnftlon. 

I 

Temp. 

Time  of 
VlbraUon. 

I 

Temp. 

Time  of 
Vibration. 

76*'34 

8. 
17*6154 

eo'^-oi 

8. 
20.9412 

74"*06 

8. 
12*4444 

66-87 

17*6282 

47*96 

28-86 

20.8067 
20.7012 

47-96 
66-20 

12*3476 
12-3696 

n 

76-66 

17*6950 

40  80 

12-3221 

66*76 

17-6087 

n 

72-14 

20.9106 

2404 

12-2667 

42-42 

17-4653 

48-78 

20.7600 

32-11 

17*4160 

II 

62-60 

12-3862 

21-91 

17-3679 

m 

70-28 
4911 

20*8694 
20-7368 

22*06 

12*2466 

in 

78-73 

17*5920 

36*24 

20-6669 

m 

77*27 

12.4303 

59-72 

17-5130 

27-23 

20-6193 

66-16 

12*3646 

20*97 

17-3683 

40-79 

12*3028 

rv 

50*05 

20-7333 

23*37 

12-2413 

rv 

49*67 
37-80 
21*96 

17-4716 
17-4279 
17-3627 

V 

42-81 
34*69 

19*43 
6-05 

20-6916 
20-6426 

20-6428 
20-4737 

The  following  Table  5,  in  which  the  numbers  are  arranged 
according  to  the  temperatures,  is  obtained  by  reducing  the 
values  contained  in  Table  4  in  the  same  manner  as  those  of 
Table  2  of  the  exampla 

The  coefficients  a  and  b  are  derived  by  means  of  least  squares 
from  the  values  contained  in  the  third  and  fourth  columns  of 
Table  5,  as  in  the  example.  Designating  by  «p  the  modulus  of 
elasticity  at  0°,  the  modulus  for  the  temperature  t  is  found  to  be, 

lor  iron,  «  =  e^  (1  —  0-000447t  -  0-00000012r«) 

for  copper,         «  =  «^j  (1  —  0-000520r—  0-00000028t«) 
for  brass,  « =e^,(l  -  0-000428t  —  O'OOOOOl Set*) 

The  numbers  of  the  next  to  the  last  column  of  Table  5  were 
calculated  with  these  values.  The  probable  error  of  each  value 
of  the  decrease  of  the  coefficient  of  elasticity  for  1°  for  a  given 
temperature  calculated  from  two  groups  of  observations  amounts 
accordingly  to  d=  0*000014. 

Ax.  JouB.  Soi.— Sbcond  Sbbibs,  Vol.  L,  No.  150.— Nov.,  1870. 
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Table  5. 


Decrease  of  tbe  ooeff.                             I 

of  elMtle.  for  an  Incr. 
of  temp,  of  1^  M  nine. 

oftIieooeffofelaBt.at 
Obeerred.  '  Calcul. 

Temp. 

Oljeerr.-Cel. 

IroD. 

IV 

29''-9 

0000467  0000454 

+  0-000018 

n 

32-2 

482 

455 

.+             27 

m 

40-3 

460 

457 

-            07 

IV 

43-7 

416 

458 

-            42 

n 

48-9 

446 

458 

~            18 

n 

661 

459 

463 

-            04 

I 

66-6 

494 

463 

+             31 

m 

66-9 

459 

464 

-            05 

Copper. 

ni 

321 

0-000566 

0-000538 

+  0-000028 

I 

32-4 

528 

538 

-            10 

n 

42-3 

542 

544 

-            02 

I 

48*0 

521 

547 

-            26 

m 

48-5 

531 

547 

-            16 

I 

61-0 

578 

554 

+             24 

m 

66-7 

556 

667 

-            01 

Brass. 

V 

12-2 

0000466 

0000461 

+  0-000005 

m 

31-7 

504 

514 

-             10 

I 

38-4 

523 

532 

-            09 

IV 

38-7 

670 

533 

+            37 

m 

42-7 

514 

544 

-            30 

IV 

46-4 

556 

554 

+             02 

I 

68-6 

593 

587 

+             06 

m 

59-7 

584 

590 

-            06 

n 

60-6 

699 

592 

+             07 

If  the  other  definition  of  the  modulus  of  elasticity  is  em- 
ployed (as  was  done  by  Wertheim)  referring  to  the  section,  and 
not,  as  above,  to  the  mass  of  the  unity  of  the  length  of  the 
wire,  the  coefficients  of  tiie  temperature  will  be  slightlv  altered 
in  accordance  witii  the  observation  on  page  857.  If  the  coeffi- 
cients of  dilatation  for  V  are  assumed  to  be  for  iron  =0-000012 ; 
for  copper  =  00000176 ;  and  for  brass  =  0*000019,  the  coeffi- 
cients of  T  become, 

for  iron,  0"000483, 

for  copper,  0-000672, 

for  brass,  0000486. 

The  coefficients  of  the  quadratic  terms  remain  sensibly  un- 
changed. 

It  is  evident  from  the  results  of  these  observations  tiiat  the 
mean  variation  of  the  elasticity  for  tiie  three  metals  investigated 
differs  but  littie  from  that  of  tiie  temperature.  For  a  change 
of  temperature  from  0"*  to  100**  the  diminution  is  for 

Iron,  4*6  and  6*0  per  cent. 

Copper,        6-6  ."     6-0        « 
Brass,  66    "    6-2        " 
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where  the  numbers  of  the  second  column  relate  to  the  second 
definition  of  the  modulus  of  elasticity. 

If  the  variation  in  elasticity  is  compared  with  the  influence 
exercised  by  the  temperature  on  other  properties  of  bodies  it 
will  be  remarked  that  it  is  much  greater  than  the  cubical  dila- 
tation as  well  as  the  variations  of  refraction.  It  is  of  about 
the  same  order  as  the  variation  of  the  permanent  magnetism 
caused  by  the  temperature,  as  well  as  that  of  specific  heat  The 
increase  of  the  galvanic  resistance  on  the  other  hand  is  much 
greater. 

It  results  ftirther  from  the  sign  of  the  quadratic  term  that 
the  variation  of  elasticity  for  all  three  metals  is  the  most  rapid 
in  the  higher  temperaturea  While,  however,  the  increase  for 
iron  is  almost  imperceptible,  and  is  also  very  small  for  copper, 
it  is  quite  considerable  for  brass.  The  decrease  for  1°  is  for 
At  o*».         At  60^  At  100^ 

Iron,  0*0447        00459        0*0472  per  cent 

Copper,         0-0620        0-0648         0-0676       " 
Brass,  00428         0*0664         0-0699      " 

It  will  be  observed  that  the  differences  in  the  variation  of 
the  coefficient  of  elasticity  for  the  three  metals  investigated, 
are  in  the  order  of  the  height  of  their  melting  pointa 

The  results  of  these  investigations  show  no  trace  at  all  of 
the  remarkable  phenomenon  of  a  maximum,  alluded  to  at  the 
beghming  of  this  article,  which  would  seem  to  be  indicated  for 
iron  by  the  investigations  of  Wertheim.  If,  therefore,  different 
varieties  of  iron  do  not  manifest  a  totally  different  behavior,  or 
if  the  modulus  of  the  longitudinal  elasticity  does  not  undergo 
a  very  different  change  m  consequence  of  temperature  from 
that  of  the  torsional  elasticity,  this  anomaly  must  be  accounted 
for  by  the  imperfect  method  of  observation  employed  by  Wer- 
theim. This  supposition  is  confirmed  fiirther  oy  the  observa- 
tions of  Kupffer  (see  below),  as  well  as  by  a  very  simple  experi- 
ment I^  namely,  two  tuning  forks  are  in  vibration,  ana  one 
of  them  is  heated,  the  number  of  vibrations  changes  in  the 
manner  demanded  by  the  assumption  of  a  decrease  of  elasticity 
for  increasing  temperatures. 

It  is  to  be  remarked  here  that  Wertheim's  calculation  of  the 
heat  generated  by  condensation  during  vibration,  loses  thus  all 
its  value.* 

Observations  of  Kupffer, 'f — These  investigations  appear  to 
be  much  less  general^  known  than  they  deserve,  for  they 
contain  much  varied  and  valuable  material  for  practical  use. 
Kupffer's  observations  are  in  general  on  bars  vibrating  trans- 

*  Pogg.  Aim.,  Bd.  11,  a  32. 

t  Mem.  d6  TAoad.  de  St.  Peterab.  1856,  6  ser.  T.  vi,  p.  400. 
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versally  at  the  temperatures  of  about  —10%  +15°  and  +80**. 
Unfortunately,  however,  very  long  intervals  (at  least  a  yearj 
occur  between  the  observations,  and  it  would  seem  that  he  dia 
not  always  employ  the  same  bars,  so  that  his  inv^tigations 
permit  but  a  hmited  conclusion  in  r^ard  to  the  law  of  the 
variations  of  elasticity  as  modified  by  temperature.  Finally,  the 
dilatation  caused  by  temperature  was  disregarded  in  the  nu- 
merical values  riven  by  JKupflfer,  a  source  of  serious  errors  in 
view  of  the  metnod  of  observation  which  was  employed. 

A  few  of  the  results  derived  by  Kupffer  were  obtained  h^ 
means  of  torsional  vibrations.  Among  these  are  the  coem- 
cients  of  temperature  for  the  elasticity  of  an  iron  wire  (piano 
cord),  of  a  copper  wire  and  of  a  brass  wire.  After  having 
apphed  to  these  values  the  correction  reauired  for  the  dilatation 
of  the  vibrating  disc,  the  decrease  of  the  elasticity  for  1°  ex- 
pressed in  parts  of  the  total  elasticity  is  found  to  be 


for   iron, 

0-00055 

("menu'^S.  446) 

"    copper, 

0-00082 

S.  464 

«    brass, 

0-00039 

(                S.  467) 

These  values  agree  tolerably  well  with  those  found  by  us,  with 
the  exception  of  the  copper  wire,  in  regard  to  which  it  is  pos- 
sible that  the  divergence  may  be  caused  by  the  circumstance 
that  we  employed  a  chemically  pure  metaL 

5.  The  aosolute  moduli  of  elasticity  of  the  iron,  copper  and  brass 
wires  calcukUed  from  torsional  vibrations  and  from  the  velocity  of 
sound. 

To  determine  from  our  investigations  the  absolute  moduli  of 
torsional  elasticity,  it  is  necessary  to  know  the  dimensions  and 
mass  of  the  wires,  as  well  as  the  moment  of  inertia  of  the  vi- 
brating weight  * 

The  latter  is  to  be  calculated  from  the  mass  of  the  perforatea 
lead  cylinder  =1818  grs.  and  the  interior  radius  =0-34  c.  m.  and 
the  exterior  radius  =5*07  cm.     It  is  found  to  be 

^(5^*+  0^*)=  284^0  grs.  D  c.  m. 

To  this  must  be  added  the  moment  of  inertia  =  40  grs.  nam. 
of  the  connecting  pieces  and  the  mirror,  which  was  calculated 
from  their  size  and  form.     The  total  moment  of  inertia  there- 
fore is  K=28510  grs.  n  c  m. 
Further  was  determined 

Iron.        Oopper.  Brass. 

The  length  of  the  wire,  fc=20'80       20-76       20-80  c.  m. 

The  mass  of  one  c.  m.  length,    m=0-00d01  0*00655  0-00403  grs. 
The  density,  ^^=7-82        d-00        8-41 

The  time  of  vibration  at  20%       «=l7-35       12-23       20-55  sec. 
The  radius  of  the  wire,  r=00111     0-0162    0-0123  c m. 
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The  modulus  of  torsion  T  is  derived  from  these  data  by 
means  of  the  formula,  p.  857, 

T=!^  -J— 
g     mr^t^ ' 

It  is  found  to  be 

for  iron    =444  kilometers. 

"    copper=217         " 

"    brass   =190         " 

If  it  is  desired  to  follow  the  definition  customaiT  in  practice, 
and  to  refer  the  modulus  to  the  section  instead  ol  to  the  mass 
of  the  unity  of  length,  these  numbers  must  be  multiplied  by 
the  corresponding  densities ;  whereby  they  become 

for    iron,  3470  knogrammet 

'  qaadratmlUimeter. 

"    copper,  1960  ** 

"    brass,  1600  " 

The  velocity  of  sound  was  measured  in  the  same  species  of 
wires  by  stretching  them  in  a  Weber's  monochord,  and  oy  vary- 
ing the  length,  comparing  the  longitudinal  tone  with  tuning 
forks.  The  normal  tone  of  the  set  of  tuning  forks  was  deter- 
mined by  comparison  with  two  normal  tuning  forks  of  Appunn. 

The  modulus  of  dilatation  of  the  wire  (i  a  the  length  of  a 
wire  of  the  same  species  possessing  the  weight  necessary  to . 
double  the  original  length),  is  obtained  from  the  velocily  of 

sound  c  by  means  of  the  formula  A=— ,  where  g  denotes  the 

acceleration  due  to  gravity.  The  value  A'  ordinarily  employed 
in  practice,  and  made  use  of  by  Wertheim,  (L  a,  the  weight 
which  hung  on  a  wire  whose  section  is  unity  would  double  the 
length),  is  obtained  as  above  by  multiplication  with  the  density. 
Thus  it  was  found 

Velocity  of  sound.  Modulus  of  elastidty. 

A.  A'. 

Iron,  6060  meters.  2580  kilometers.        20310  ^  ^m. 

Copper,         3640      "  1360  «  12140      " 

Brass,  3380      "  1170  "  9810      " 

Wertheim  gives  A'  for  iron  wire  =19445,  copper  =12636, 
brass  =9000  g^ 

According  to  these  observations,  the  moduli  of  torsion  bear 
to  the  modmi  of  dilatation,  for  all  three  wires  very  nearly  the 

same  ratio.     The  ratio  7=-  is 

for  iron,  6*86 

"    copper,  6-23 

«    brass,  6-16 

Mean,  6*07 
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The  deviations  of  these  values  fix)m  the  mean  are  perhaps  dne 
to  errors  of  observation,  especially  in  the  determination  of  the 
densities,  since  in  order  to  be  sure  of  investigating  the  same 
material  as  in  the  original  experiments,  but  small  masses  could 
be  employed.  It  is  possible  too  that  the  deviation  of  the  mean 
from  tne  whole  number  6,  is  to  be  souffht  in  these  errors. 

Without  entering  on  a  more  extended  investigation  of  this 
point,  and  without  discussion  as  to  whether  the  customary 
theory  of  elasticity  is  applicable  to  such  thin  wires,  or  whether 
the  lack  of  isotropy,  or  the  relations  of  superficies,  forbid  this 
application,  it  may  be  remarked  that  aocoroing  to  the  theory 

^=4(1+1.), 

where  /u  denotes  the  ratio  of  the  transversal  contraction  to  the 
longitudinal  dilatation.  By  a  comparison  of  the  torsional  and 
longitudinal  vibrations,  there  would  result  accordingly  for  our 
three  wires  very  nearly  the  same  value  for  m.  If  it  is  assumed 
that  4(lH-|w)=6  there  results  f*=i.  This  is  the  extreme  value 
permitted  by  the  theory,  which  would  correspond  to  a  volume 
xmchanged  by  dilatation. 

It  may  suffice  to  have  indicated  the  fitct  It  would  lead  us 
too  far  m)m  the  chief  object  of  our  investigation  to  develope 
the  subject  more  in  detail 


Art.  XXXYHL — On  the  Oxy-  Calcium  Light  as  applied  to  Photo- 
Micrography  ;  by  Lieut  Col  J.  J.  Woodward,  Assistant  Sur- 

feon,  U.  S.  Army.     Report  to  the  Surgeon  General  of  the 
r.  S.  Army,  dated  June  4,  1870. 

Since  the  preparation  of  my  report  of  January  4, 1870,  on  the 
use  of  the  Magnesium  and  Electric  lights  in  Photo-micrography, 
I  have  made  some  experiments  with  the  Oxy-calcium,  or  Harems 
light,  as  a  source  of  illumination  for  the  same  purpose,  and  have 
succeeded  in  obtaining  excellent  pictures  with  powers  as  hi^h 
as  a  thousand  diameters.  This  result  appears  to  me  of  consid- 
erable importance,  both  because  of  the  comparative  cheapness 
of  this  lignt,  and  because  the  apparatus  for  its  production  is  so 
common  as  to  be  practically  within  the  reacn  of  every  mi- 
croscopist  In  adcution  to  these  advantages  the  oxy-calcium 
lijght  possesses  the  quality  of  steadiness  to  a  greater  d^ree  than 
either  the  electric  or  the  magesium  lamp  and  requires  much  less 
trouble  and  skiU  to  managa 

For  the  purposes  of  nay  experiments,  I  made  the  hydrogen 
as  I  consumea  it,  in  a  Hare's  self-r^ulating  ffenerator,  by  the 
action  of  dilute  sulphuric  acid  on  scraps  of  orainary  sheet-zinc. 
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The  oxygen  was  sometimes  made  in  the  usual  way  from 
chlorate  ot  potassa,  sometimes  purchased  compressed  in  iron 
cylinders ;  in  either  case  it  was  transferred  to  a  large  sheet-iron 
gasometer  for  use.  The  gases  were  burned  under  a  pressure 
equal  to  a  column  of  water  fourteen  inches  higL  I  used  for 
lainp  one  of  the  first-class  magic-lanterns,  manufactured  by 
J.  W.  Queen  k  Co.  (No.  924,  Chestnut  street,  Philadelphia, 
Pennsylvania,)  in  which  the  disc  of  lime  is  revolved  bv  clock- 
work before  the  burning  jet  of  gas  and  a  fresh  surmce  con- 
stantly presented  to  the  nama  I  simpler  removed  from  the 
lantern  the  lens  intended  to  magnify  the  image  on  the  slides, 
when  the  apparatus  is  in  ordinary  use,  and  allowed  the  cone  of 
liffht  proceeaing  from  the  large  condenser  of  the  instrument  to 
mil  upon  the  achromatic  condenser  of  the  microscope,  in  the 
same  manner  as  described  and  figured  for  the  ma^esium  lamp 
in  my  report  of  January  4th,  a  reference  to  which  will  render 
any  description  of  the  arrangement  of  the  microscope  and  of 
the  sensitive  plate  unnecessary  in  this  place. 

I  employed  the  ammonio-sulphate  cell,  as  I  do  in  taking 
Photo-micrographs  with  other  sources  of  liffht,  but  found  I 
could  dispense  with  the  ground  glass  which  is  necessary  in 
photographing  so  many  objects,  if  sunlight  or  the  electric  lamp 
IS  employed ;  a  large  portion  of  the  lime  disc  being  luminous, 
the  resulting  mixed  divergent  pencil,  like  that  obtained  from 
the  magnesium  lamp,  does  not  produce  the  interference  phe- 
nomena which  result  when  tissues  and  many  other  objects  are 
illuminated  by  powerful  parallel  raya  This  circumstance,  how- 
ever, renders  the  calcium  light  inferior  to  the  sun  and  the  elec- 
tric lamp,  in  the  resolution  of  the  Nobert's  plate  and  certain 
lined  test  objects. 

I  did  not  find  the  time  of  exposure  differed  materially  fex)m 
what  I  had  given  in  making  photographs  of  the  same  objects 
with  the  magnesium  lamp,  and  th^  pictures  produced  were  not 
inferior  to  these  in  quality.  This  arose  from  the  fact  that  the 
greater  steadiness  oi  the  ciftlcium  liffht  permitted  the  use  of  con- 
densers which  concentrated  the  light  to  a  greater  degree  than  I 
had  found  advantageous  with  the  magnesium  lamp,  and  not 
from  equality  in  the  actinic  power  of  the  two  sources  of  illumi- 
nation. I  have  recently  made  some  experiments  with  the  view 
of  obtaining  positive  information  with  regard  to  the  comparative 
actinic  energy  of  the  electric,  magnesium  and  calcium  lamps 
which  I  enmloy.  For  this  purpose  all  condensers  being  re- 
moved the  divergent  pencil  proceeding  from  each  lamp  in  turn 
was  permitted  to  fell,  for  the  space  oi  five  seconds,  on  an  ex- 
posed circtdar  portion  of  a  sensitive  plate  thirty  feet  distant 

The  whole  operation  was  completed  in  less  than  a  minute, 
when  the  plate  being  developed  m  the  ordinary  way  three  cir- 
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cular  spots  appeared  as  the  results  of  the  exposures.  The  spot 
produced  by  the  electric  light  was  intensely  black,  that  by  the 
magnesium  of  a  rich  middle-tint,  while  the  circle  impressed  by 
the  calcium  light  was  extremely  pale.  Want  of  time  prevented 
me  from  continuing  these  experiments  and  obtaining  as  I  de- 
sired numerical  values  for  the  relative  actinic  powers  of  these 
sources  of  illumination  under  definite  conditions ;  this  I  have 
however  regretted  the  less,  as  the  actual  energy  of  the  naked 
flames  is  not  really  the  measure  of  their  avaUaDility  in  photo- 
micrography ;  here  the  question  of  steadiness,  involving,  as  it 
does,  the  possibility  of  great  concentration,  plays  a  most  impor- 
tant part  and  materially  modifies  the  result 

So  far  as  I  know,  tne  Calcium  light  has  never  before  been 
successfully  employed  as  the  source  of  illumination  for  making 
Photo-micrographs  in  this  country.  My  friend  Dr.  R  L.  Mad- 
dox,  however,  writes  me  that  it  has  been  experimented  with  in 
England  by  Dra  Abercrombie  and  Wilson.  He  thinks  they 
used  powers  as  high  as  an  eighth  with  pleasing  resulta  Th^ 
information  has  directed  my  attention  to  the  essay  of  Dr.  Wil- 
son in  the  Popular  Science  Review  for  1867,  volume  vi,  page 
64,  in  which  that  gentleman  gives  in  detail  the  process  em- 
ployed by  himself  and  Dr.  Abercrombia  He  experimented 
witn  an  oil  lamp  and  with  the  Oxy-calcium  and  magnesium 
lights :  "  I  can  scarcely  think  it  would  be  used  now  3iat  the 
more  active  light  of  magnesium  is  within  the  reach  of  every 
ona"  And  of  the  magnesium:  "  The  light  fjdls  only  in  stead- 
iness, and  if  some  means  could  be  devised  for  burning  the  metal 
uniformly  and  at  a  fixed  point  nothing  would  be  left  to  desire." 
Dr.  Beale  (How  to  work  with  the  Microscope,  4th  edition,  p. 
248)  tells  us  that  some  of  the  pictures  of  these  gentlemen  were 
remarkably  good,  "  they  possess  a  peculiar  delicacy  in  the  half 
tones  and  the  shadows,  with  much  roundness  of  the  objects,  but 
the  definition,  as  might  be  expected,  does  not  quite  equal  in 
some  of  the  finest  markinffs,  prints  obtained  from  sun  n^ativea" 
A  perusal  of  Dr.  Wilson^  paper  will  show  that  my  process  dif- 
fers from  his  in  the  use  of  the  following  precautions :  the  inter- 
polation of  an  ammonio-sulphate  cell  to  exclude  the  non-actinic 
rays,  the  use  of  lenses  specially  made  for  photography  for  all . 
powers  from  the  Jth  down,  the  use  of  mucn  larger  condensers 
to  concentrate  the  light  and  so  to  shorten  the  exposure,  and  in 
the  case  of  the  magnesium  light,  in  the  use  of^  a  clock-work 
lamp  to  increase  the  steadiness  of  the  illumination.  Each  of 
these  points  are  in  my  judgment  essential  to  obtain  the  best 
resulta 

I  learn  from  the  same  letter  of  Dr.  Maddox  that  he  had  him- 
self made  experiments  with  the  magnesium  lamp  some  time  be- 
fore those  of  Abercrombie  and  Wilson.     He  used  powers  as 
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Idgh  as  a  fifth,  and  appears  to  have  obtained  better  results  than 
I  supposed  any  one  had  done  prior  to  the  publication  of  my  re- 
port He  gives  me  the  follo¥ring  account  of  his  experience : 
"  The  first  picture  I  took  with  the  magnesium  light  was  done  in 
a  very  rude  way.  An  inch  and  a  quarter  of  wire  was  held  in  a 
small  spirit  flame  and  advanced  by  hand  as  burnt  The  objec- 
tive was  Beck's  fds,  the  object  the  sycamore-leaf  insect,  and 
about  Jths  of  an  inch  of  wire  remained  after  use.  I  sent  a  print, 
with  a  sun  print  of  the  same  to  the  British  Journal  of  Photogra- 
phy, and  m  the  number  for  July  1,  1864,  you  will  find  some 
remarks  by  myself  and  the  editors.  Now  to  try  and  meet  any 
error  that  might  arise  fi'om  wliat  we  may  term  want  of  correc- 
tion, I  used  the  |ds  with  the  correcting  lens,  which  is  excellent 
for  sunlight ;  the  picture  was  soft,  full  of  half  tone,  but  wanted, 
as  in  other  pictures  I  had  seen  by  artificial  light,  the  decision  of 
definition  in  the  outlines,*'  "  After  this  I  us^  the  ith  ¥rith  the 
little  apparatus  sketched  in  Beale's  book  (page  276)  and  which 
I  venture  to  think,  embraces  all  that  is  required  for  its  use,  pro- 
vided the  condenser  has  its  focus  at  the  burning  point,  and  that 
the  reflector  has  the  sama"  With  the  }th,  fibers  of  cotton  and 
muscular  fibrillas  of  boiled  shrimp,  ¥rith  several  other  objects 
were  tfJcen,  but  I  did  not  use  any  mgher  power,  nor  indeed  pay 
much  attention  to  tlie  subject  as  I  gave  the  preference  to  the 
sunlighted  prints  and  negatives"  i  give  these  extracts  with 
great  pleasure  as  showing  the  experience  in  this  direction  of  one 
of  the  most  distinguished  laborers  in  the  field  of  Photo-micro- 
graphy, and  regret  that  I  was  not  acquainted  with  them  at  the 
time  of  publishing  my  first  report  The  method  of  Dr.  Maddox,^ 
however,  differed  from  mine  m  the  same  essential  points  as  that 
of  Abercrombie  and  Wilson,  and  the  peculiar  ntness  of  the 
magnesium  light  for  photographing  the  animal  tissues  and  those 
objects  generally,  which  require  the  use  of  ground  glass  when 
sunlight  is  employed,  would  appear  to  have  escaped  the  observa- 
tion of  these  accomplished  gentlemen,  and  to  have  remained  un- 
noted until  the  publication  of  my  report 

In  conclusion  I  append  to  this  paper  two  illustrative  photo- 
graphs. The  first,  which  represents  tne  6th  square  of  the  Hol- 
lers type-plate  of  the  diatomaceas,  taken  with  Wales's  IJ  inch 
objective,  arranged  to  give  thirty-five  diameters,  will  serve  for 
comparison  with  the  photograpliJB  of  the  same  object  with  the 
same  leAs  taken  by  sunlight  and  by  the  electric  and  magnesium 
lamps,  which  were  published  with  my  former  report  The  sec- 
ond represents  the  Navicular  Lyra,  taken  with  the  Powell  and 
Lealand's  immersion  j\  arranged  to  magnify  1000  diameters. 
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Abt.  XXXIX. — On  tlie  Secular  Perturbations  of  (he  Planets; 
by  Asaph  Hall. 

In  view  of  the  recent  consideration  in  geological  speculations 
of  the  secular  inequalities  of  the  excentricity  of  the  earth's 
orbit,  it  may  be  worth  while  to  state  briefly  the  method  of 
treating  secular  perturbations,  and  pur  present  knowledge  of  the 
subject 

Denoting  by  e,  ^r,  9,  and  0  the  excentricity,  the  longitude  of 
the  perihelion,  the  inclination  of  the  orbit  and  the  longitude  of 
its  ascending  node,  it  has  been  found  easier  in  the  discussion  of 
the  problem  to  substitute  for  these  Quantities  four  others  which 
are  simple  functions  of  them ;  and  tnus  are  assimied 

h=ie  sin  n,  p-=itSLng  <p  sin  d. 

Izzze  cos  n,  ^=ztang  9  cos  B. 

Neglecting  terms  of  the  third  and  higher  orders  of  the  excen- 
tricities  and  inclinations  in  that  part  of  the  development  of  the 
perturbative  function  from  which  the  secular  perturbations 
ari  e,  linear  diflferential  equations  of  the  first  order  are  estab- 
lished containing  the  first  diflferential  co-efficients  of  A,  i,  j?  and 
q  with  respect  to  the  time ;  and  it  is  by  the  integration  of  these 
equations  that  the  secular  perturbations  are  obtained.  By  this 
process  also  the  equations  are  separated  into  two  distinct  classes 
admitting  of  separate  treatment ;  the  one  class  containing  the 
diflferential  co-emcients  of  h  and  I  and  the  solution  furnishing 
the  values  of  the  excentricities  and  the  longitudes  of  the  peri- 
helia, and  the  other  containing  those  of  p  and  q  and  the  solu- 
tion giving  the  values  of  the  inclinations  and  the  longitudes  of 
the  ascendinff  nodea  In  this  way  the  discussion  of  the  prob- 
lem is  much  simplified.  The  numerical  co-efl5cients  in  the 
diflferential  equations  depend  on  the  semi-major  axes  of  the 
orbits,  and  on  the  masses  of  the  planets.  Considering  the  eight 
principal  planets  of  our  solar  system,  there  will  be  of  course 
eight  values  of  A,  Z,  p,  and  j,  and  these  are  usually  distinguished 
by  the  addition  of  accents  to  the  symbola 

In  order  to  eflfect  the  integration,  Lagrange,  whose  method  is 
stiU  followed,  assumed 

A=  N  sin  {a  ^-f  j?),  I  =N  cos  {gt+^y     • 

A'=N'  sin  {g  t+(t)  l'=W  cos  (^  t-\^),      Ac 

Diflferentiating  these  equations  and  substituting  the  value  of 

/7A   /7A'    /27 

JtT)  "^ff  jTt  &C.,  in  the  diflferential  equations  and  then  eliminating 
cCt    at    at 

the  ratios  of  the  coeflScients  N,  N',  N",  Ac,  a  numerical  equa- 
tion is  obtained  for  the  determination  of  ^.     This  equation  will 
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rise  to  the  degree  denoted  by  the  number  of  planets  considered, 
and  in  our  solar  system  will  be  of  the  eiffhth  degree.  If  we 
denote  by  gr,,  a,,  <7,  -  —  g^  the  roots  of  this  equation  the 
general  integral  will  be 

A=Ni  sin  (^i<+ft)-f  N,  sin  (^,^-(-/?,)-f  ....+Ng  sin  (^rf+ft), 
l=N,  co8(^i«-H?i)+N,  cos  (^,«+fe)+.— +Ngcos078«+ft),       ,,. 
A'=N\sin  (^le+ftHNVin  (^^+/?,)+..     -fN'eBin  (ff^t+^s),      ^^^ 
r==N\cos(^,e+ft)+N'|Cos(^,<+ft)+...-  +  N'8Cos(^8«+ft), 

The  arbitrary  quantities  Ni,  N'l /?i,  /?»,  &a,  are  determined 

by  the  initial  values  of  h  and  L  The  solution  for  p  and  q  is 
quite  similar  to  that  for  h  and  I 

The  conditions  necessary  for  the  stability  of  the  system  are, 
first,  that  the  eight  roots  of  the  equation  for  g  shall  be  real  and 
unequal,  in  order  that  outside  the  circular  functions  there  may 
be  no  terms  containing  the  time  as  a  fector  or  exponent  and 
which  would  therefore  increase  indefinitely ;  and  secondly,  it  is 
necessary  that  the  coefficients  N  may  not  be  great  in  order 
that  the  excentricity  may  not  increase  so  as  to  render  divergent 
the  series  which  have  been  assumed  in  the  solution  to  be  rapidly 
convergent 

The  actual  numerical  solution  by  several  eminent  astrono- 
mers, Lagrange,  Pontecoulant  and  Leverrier,  their  results  being 
essentiaUv  accordant  in  this  respect,  shows  with  a  great  degree 
of  probaoility  that  our  solar  system  is  a  stable  one,  the  law  of 
gravitation  alone  being  considered;  although  to  speak  with 
certainty  on  this  point  an  analytical  solution  is  to  be  desired. 
But  when  it  is  required  to  compute  for  very  remote  epochs  the 
values  of  the  elements  of  the  orbits  the  co-efficients  g  which  in 
equations  (1)  are  multiplied  by  the  time  must  be  carefdlly  con- 
sidered. These  coefficients  depend  on  the  assumed  masses  of 
the  planets,  and  are  generally  determined  by  neglecting  terms 
of  tne  third  order.  The  most  complete  investigation  of  this 
subject  is  that  given  by  Leverrier  in  tne  Connaissance  des  Tems 
for  1848  and  1844,  and  reproduced  with  some  additions  in  the 
memoirs  of  the  Paris  Ooservatory  for  1856.  In  this  work, 
which  is  a  masterpiece  of  astronomical  calculation,  Leverrier 
shows  that  terms  of  the  third  order  mav  produce  corrections  of 
the  values  of  g  amounting  to  three  or  tour  tenths  of  a  second. 
Probable  uncertainties  in  the  assumed  values  of  the  masses  of 
the  planets  may  give  rise  to  errors  of  nearly  two  tenths  of  a 
second.  Hence,  if  we  consider  the  forms  of  the  general  inte- 
grals (I),  we  shall  readily  see  that  for  very  remote  epochs,  dis- 
tant by  millions  of  years,  our  calculations  must  be  very  untrust- 
worthy ;  since  when  the  time  is  great  the  errors  in  the  values  of 
g  may  completely  change  the  character  of  the  circular  functions. 


Digitized  by  VjOOQ  IC 


372  F.  E.  SUmpaon  on  Farmer's  Theorem. 

For  a  satisfiictory  solution  of  tliis  problem,  certainly  one  of 
the  most  interesting  in  astronomy,  our  knowledge  of  the  masses 
of  the  planets  must  be  greatly  advanced  In  the  case  of  the 
interior  planets  it  appears  that  we  must  wait  patiently  until  the 
theory  of  their  own  motions,  or  the  motion  of  some  one  of  the 
periodical  comets,  shall  fiimish  the  data  for  an  exact  determina- 
tion of  their  masses.  The  masses  of  Mars  and  Jupiter  will  in 
time  be  very  accurately  known  fix>m  the  theories  of  some  of 
the  minor  planets.  But  in  the  case  of  Saturn,  Uranus  and 
Neptune  it  appears  to  me  that  the  instrumental  means  are 
already  at  hana  for  making  an  accurate  determination  of  their 
masses,  and  a  more  complete  investigation  of  the  theories  of 
their  satellites.  When  the  novel  and  entertaining  observations 
with  the  spectroscope  have  received  their  natimJ  abatement 
and  been  assigned  their  proper  place,  it  is  to  be  hoped  that 
some  of  the  powerful  telescopes  recentiy  constructed  may  be 
devoted  to  this  class  of  observations,  where  a  rich  and  an  ample 
field  awaits  the  skillful  observer.  One  could  not  wish  a  better 
example  than  the  beautiful  work  of  Bessel  on  the  satellites  of 
Jupiter. 

August  2,  1870. 


Art.  XL. — Farmer's  Theorem  discussed;    by  Fbed.   E. 
Stimpson. 

Toward  the  close  of  Prof  Silliman's  paper,  "  On  the  relation 
between  the  intensity  of  light  produced  from  the  combustion 
of  illuminating  gas  and  the  volume  of  gas  consumed "  (this 
Jour.,  xlix,  17),  is  the  following: — "A  comparison  of  the 
foregoing  results  will  show  that  the  coincidences,  with  the 
requirements  of  the  theorem  of  Farmer  are,  within  the  limits 
assigned,  too  numerous,  and  too  closely  accordant,  to  be 
considered  as  otherwise  than  pointing  clearly  to  its  general 
truth." 

What  I  propose  to  examine  now  is,  whether  the  data  given 
in  the  paper  referred  to,  do  warrant  the  conclusion  reached. 

According  to  the  data  given  for  the  first  experiment,  two 
lights  were  made  equal,  so  that  the  disk  of  a  Bunsen  Photo- 
meter stood  midway  between  the  flames,  and  the  consumptions 
were  found  to  be  3*66  feet  per  hour. 

"  The  screen  was  then  moved  upon  the  bar  to  a  point  just 
four  times  as  far  from  one  flame  as  it  was  from  the  other,  L  a, 
the  bar  being  100  inches,  the  screen  stood  at  80,  i  e.,  as  1 : 4. 
The  light  from  the  distant  burner  was  then  increased,  until  the 
disk  again  showed  as  an  equality  of  illumination.     On  reading 
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the  rate  of  the  gas  consumed  by  the  two  burners  respectively, 
one  gave  8 '66  cubic  feet  and  the  other  7*82  cubic  feet" 

Now  fix>m  this  it  will  be  seen  that  the  ratio  of  consumption 
was  as  1  to  2,  but  the  ratio  of  the  lights  being  as  the  squares  of 
the  distances  from  the  disk,  becomes  200' :  80*  or  1 :  16,  and 
the  result  on  the  paper  should  stand, 

8-66*:7-82«=l:16andnot 
8-66»:7-82«=l:4. 

In  other  words,  the  lights  were  proportional  to  the  fourth 
powers  of  the  consumptions  and  not  to  the  squares.* 

In  experiments  2,  3  and  4,  the  ratio  of  the  squares  of  con- 
sumption is  nearer  to  the  ratio  of  the  lights  than  the  simple 
ratio  of  the  consumptions,  but  in  experiment  2,  the  ratio  of  the 
2*67  powers  of  the  consumption  almost  exactly  expresses  the 
ratio  of  the  lights.  In  experiment  8  the  ratio  of  the  squares  is 
too  small,  and  in  experiment  4  it  is  too  great;  while  in  ex- 
periment 6,  the  simple  ratio  is  certainly  much  nearer  than  the 
ratio  of  the  squares. 

The  foUowmg  table  will,  I  think,  suffice  to  show  these  various 
relations : 


Ko. 
Xxp*t. 


Bate  of 

ooniump- 

tionper 

bonr. 


Intentltj 

found  by 

expert- 

ment. 


Inten* 
old  Uw. 


Intensltj 
bjlaw  '' 

tbe 
■qoAret. 


.^  Jlnteniltyby 
ofltbe  f*«7  pow- 
er of  con- 
snmptlon. 


Dtiference  between  calcnlftted 
and  observed  reeolU. 
Law  of         a^ 
Old  law.     ■qoaree.      power. 


3-30 
4-36 
6136 
6-556 

8-72 
4*884 
6000 
7-218 

4-6 
9-619 

5-16 
1006 


1- 
2-1 
3-2 
4-0 

1- 
2- 
8- 
4- 

1- 
4- 

1-86 
400 


1- 

1-32 
1-55 
1-68 

1- 

1-312 
1-61 
1-94 

1- 
2114 

1-86 
3-70 


1- 

1-73 
2-42 
2-83 

1- 

1-72 
2-60 
8-76 

1- 
4-46 

1-86 
5-72 


1- 

2-098 
3-222 
3-995 


0 
-0-78 
-1-66 
-2-32 

0 
-0-628 
-1-39 
-206 

0 
-  1-886 

0 
-0-30 


0 
-0-37 
-0.78 
-1-17 

0 
-0-28 
-0-40 
-0-24 

0 
+  0-46 

0 
+  1-72 


0 
-0002 
+  0-022 
-0-006 


In  experiment  6,  the  reductions  have  been  made  by  applying 
the  old  rule  to  the  correction  for  the  candle  in  both  cases ;  the 
correction  by  Farmer's  Theorem  bein^  applied  only  to  the  con- 
sumption of  the  gas,  and  so  applied  gives  the  most  concordant 
results,  the  difference  shown  by  the  old  rule  however,  (1-84 
candles)  is  no  greater  than  might  have  occurred  between  two 
observations,  even  if  the  consumption  in  both  cases  had  been 

[*  Since  the  above  was  written,  I  have  been  infonned  that  the  error  is  not  in  the 
proportion  of  (**  1  to  4  ")  but  in  the  statement  of  the  position  of  the  disk  upon  the 
bar.  It  should  read  fwioe  as  far  fhmi  one  flame  as  the  other,  L  e.,  the  screen  stood 
at  6S|,  and  thus  the  experiment  supports  the  theorem.] 
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eq^ual,  i  e.,  five  feet  per  hour.  But  this  experiment  alone  cer- 
tainly does  not  warrant  the  conclusion  reached,  viz : — "  That 
this  theorem  applies  with  equal  force  to  the  weight  of  sperm 
consumed  by  the  standard  candle  as  to  the  volume  of  the  gas 
burned  in  equal  times,"  because  the  correction  has  not  been 
applied  to  the  candle  either  here  or  in  any  other  observation 
given  in  Prof  SiUiman's  paper. 

The  confirmation  obtained  by  experimenting  upon  Peytona, 
Albert  and  WoUongong  gas  def)ends  upon  the  assumption 
that  the  true  candle  power  of  a  rich  gas  can  be  obtained  by 
mixing  it  in  definite  proportions,  with  another  gas  whose  illu- 
minating power  is  known,  and  deducing  fix>m  the  observed 
candle  power  of  the  mixture,  the  candle  power  of  the  rich  gas  ; 
until  this  assumption  has  been  proved  to  be  correct^  it  is  of 
course  useless  in  establishing  Farmer's  Theorem. 

The  next  proof  offered  is  drawn  fix>m  a  tabular  statement  in 
Sugg's  Gas  Manipulation.  Prof  Silliman  says,  "  By  this  state- 
ment the  burner  in  question  produced  fix)m*  five  cubic  feet  of 
gas  exactly  15  (14?)  candle  power,  but  when  reduced  to  4*5 
cubic  feet  consumption  the  candle  when  'corrected  to  the 
standard  quality  of  gas  by  proportion '  was  only  11-93  candles. 
The  values  of  the  *  correction '  referred  to  can  only  be  conjec- 
tured, but  assuming  that  the  observation  made  the  uncorrected 
rendering  11*32  candles  (a  very  probable  quantity),  we  find  that 
the  law  of  the  squares  of  consumption  then  makes  the  ratio  as 
follows: — 4'6'':il*82=5**14."  Tne  assumption  here  made  is 
not  at  all  necessary  because  we  can  find  the  exact  value  of  the 
*  correction'  for  the  gas  by  reversing  the  proportion  used^ 
thus : — 5 :  11*93— 4*5 :  10*73,  and  now  applying  Farmer's  Theorem 
the  ratio  becomes  4*5>:  10*73=5^:  13*24  only.     The  relation  can 

be  exactiy  expressed  by  the  ratio  4*5*  :  10-73=5* ;  13*997=14. 
The  last  proof  offered  is  drawn  from  Audoin  and  Berard's 
experiments.  But  after  several  fruitless  efforts  to  obtain  the 
results,  as  given  under  the  head  of  "  Intensities  by  law  of  the 
squares  of  consumption,"  I  am  forced  to  conclude  that  these 
figures  are  incorrect  through  some  inaccuracy  in  applying  that 
law.  The  two  tables  referred  to  may  be  found  in  tne  author's 
original  memoir  on  pages  439  and  441  of  Annales  de  Physique 
et  de  Chimie,  voL  Ixv,  1862.  In  these  experiments  they  com- 
pared the  burning  of  two  batwing  burners  at  different  rates  of 
consumption,  with  a  "  Bengel  A^gand  "  whose  rate  of  consump- 
tion was  nearljr  constant  The  first  three  columns  of  the  table 
below  give  their  experimental  data. 
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Contomp- 
tion  of  the 

under  trial. 

ConemnptloD 

of  ttie  Bengel 

Argand. 

Comparative 

Intenaltlee. 

The  Bengel 

bnmer 

Intenttles  by 
old  formula 

or  direct  ratio 

of  conaump- 

tion. 

Difference 
between  cal- 
culated and 
obaerved 
results. 

Intensities  1   Difference 
Ifor  law  of  between   cal- 
the  squares  culated    and 
of  con-        observed 
sumption.        results. 

Liters  per 
hour. 

Utersper 
hour. 

V 

V 

211 

100 

120 

99-38 

-0-62 

82-31 

-  17-69 

189 

96 

110 

97  64 

-2-36 

86-38 

-  13-62 

180 

103 

100 

100-00 

000 

10000 

0-0 

166 

104 

90 

104-86 

+4-86 

12217 

+  2217 

142 

104 

80 

102-39 

+  2-39 

131-06 

+  31-06 

124 

101 

70 

99-66 

-0-36 

141-84 

+  41-84 

102 

101 

60 

103-82 

+  3-82 

179-68 

+  79-68 

88 

102 

60 

99-30 

-0-70 

19719 

+   9719 

68 

100 

40 

102-79 

+  2-79 

264-20 

+  164-20 

67 

102 

30 

90-73 

-9-27 

293-40 

+  193  40 

Table  IL   Burner  of 

the  same  series— slit 

^3  inch  wide. 

Consump- 
under  triaL 

Consumption 

of  the  Bengel 

Argand. 

Comparative 
mtenslttes. 

Intensities  b7 

or  direct  ratio 

ofconsump- 

tton. 

Difference 
between  cal- 
culated  and 

results. 

the  squares 

of  con- 
sumption. 

Difference 
between   cal- 
culated and 
observed 
results. 

"^JTurr 

Liters  per 
hour. 

264 

106 

200 

100-4 

+   0-4 

60-3 

-  49-7 

236 

106 

180 

1001 

+   01 

66-6 

-  44-4 

208 

106 

160 

100-9 

+   0-9 

63-6 

-  36-6 

182 

106 

140 

100-9 

+   0-9 

72-8 

-  27-2 

162 

104 

120 

102-6 

+   2-6 

87-7 

-  12-8 

130 

104 

100 

100-0 

00 

100-0 

00 

112 

104 

80 

92*8 

-  7-2 

107-8 

+     7-8 

90 

104 

60 

86-6 

-13-4 

1261 

+   26-1 

76 

104 

60 

86-6 

-134 

160-2 

+   60-2 

66 

104 

40 

78-8 

-22-2 

166-2 

+   66-2 

43 

104 

20 

60-6 

-39-6 

182-8 

+  82-8 

28 

104 

10 

46-4 

-53-6 

216-6 

+  116-6 

Prom  the  first  table  it  will  be  seen  that  the  two  burners 
gave  equal  light  (intensity  100),  when  the  batwing  consumed 
180  liters  per  hour,  and  the  standard  108  litera  Correcting  the 
first  line  of  this  table  for  these  consumptions,  by  the  old  rule 
we  have  for  the  batwing  211 :  180=  120 : 1 
and  for  the  standard  108 :  100=      l\V\ 

the  total  correction  for  both 

will  be  therefore  211xl08:180xlOO=120x?:ZxZ'; 

the  I  cancels  out  and  leaves 

the  proportion  211 X 108 :  180  X 100= 120 :  V. 

The  second  line  of  this  table 

becomes  189x108 :180x  96=110  :Z 

and  so  on. 

Now  applying  Farmer's  Theorem,  the  proportions  become 
(211)»  X(108)«:(180)«  x(100)»=120 :  V 
(189)«X(108)«:(180)»X(  96)«=110:r. 
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The  value  of  V  and  Z"  from  these  proportions  will  be  found 
in  the  4th  and  6th  columns  of  the  above  table. 

It  will  be  seen  that  in  the  second  table  the  burners  gave  equal 
light  for  consumptions  of  130  and  104 ;  these  numbers  nave  been 
used  therefore  in  the  corrections  for  that  table. 

The  experiments  show  that  the  last  term  of  the  proportions 
should  be  100.  The  tables  show  that  by  the  old  formtda,  this 
term  becomes  about  100  for  every  experiment  of  the  first  table, 
and  for  the  first  seven  experiments  of  the  second  table,  the 
greatest  difference  being  7*2 ;  and  for  the  remaining  five  experi- 
ments, the  old  formula  gives  the  best  approximate  results  except 
for  the  last  one,  and  here  the  old  law  gives  a  result  which  must 
be  muUiplied  by  215  to  make  it  correct,  and  Farmer's  Theorem 
gives  a  result  tnat  must  be  divided  by  215  to  make  it  correct 

From  a  perusal  of  these  various  results,  I  am  led  to  disagree 
with  Prof.  Silliman,  and  say  that  *  Farmer's  Theorem '  is  not 
proven,  and  that  the  law  of  the  squares  does  not  in  general  give 
any  closer  results  than  the  old  law  of  the  direct  ratio ;  though 
I  entirely  and  heartily  concur  with  him  in  the  conclusion,  thai 
every  photx>metric  observe)*  should  recognize  the  importance  of  bring- 
ing the  consumption  of  gas  and  sperm  to  the  agreed  standard^  whoi 
attempting  to  give  the  true  candle  power  of  any  gas. 

It  is  much  to  be  desired  that  experimenters  should  turn  their 
attention  to  the  matter  of  the  relation  of  consumption  of  gas  to 
illuminating  power,  and  I  sincerely  hope  that  Mr.  Farmer  will 
not  let  the  matter  rest  here,  but  will  iniEtke  and  publish  further 
observations  upon  the  same  subject 

Messrs.  Aud!oin  and  Berard  in  their  valuable  experiments,  to 
determine  the  best  burner  for  the  city  of  Paris,  proved  that  for 
every  consumption  of  gas  there  is  a  burner  whicn  is  best  suited 
for  that  consumption.  Now  by  the  proper  selection  of  a  burner 
for  small  consumptions,  some  simple  relation  may  yet  be  found 
between  consumption  and  illuminating  power. 

In  the  above,  reference  has  been  made  only  to  experiments 
detailed  in  Prof  SiUiman's  communication.  I  have,  however, 
made  a  number  of  experiments  myself  upon  the  same  subject, 
besides  coUatinc  the  results  of  some  sixty  or  more  independent 
observations,  which  have  been  published  during  the  last  fifteen 
years,  and  the  results  are  curious,  instructive  and  unexpected. 
There  are  a  few  among  them  to  which  Farmer's  Theorem  mi^ht 
be  applied,  quite  a  number  to  which  the  old  law  will  apply ; 
thougn  many  of  them  require  a  modification  of  the  old  law. 

I  hope  in  due  time  to  prepare  a  paper  giving  some  of  these 
resulta 

April,  1870. 
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Abt.  XLL — Note  on  Mr.  StvmpeorCs  Paper  on  Farmer's  Theo- 
rem; by  B.  Sii-liiMAN. 

Mr.  Stimpson's  criticism  on  the  first  experiment  of  my  paper 
was  induced  by  an  obvious  numerical  error  in  the  statement  of 
the  data,  which  Mr.  S.  has  himself  corrected  in  a  foot  note  on 
p.  378.  The  experiment  properly  stated  exactly  sustains  the 
theorem. 

I  admit  that  in  Experiment  No.  2,  the  exponent  comes  nearer 
to  the  third  power  than  to  the  square,  being  2 '689,  2*688  and 
2*669 ;  in  the  three  cases  average  2*661.  But  it  also  indicates 
that  the  illuminating  power  of  the  standard  8*80  cubic  feet  was 
very  imperfect  The  experiments,  however,  appear  to  me  to 
demonstrate  clearly  the  radical  inaccuracy  of  the  old  rule  for 
photometric  calculations,  and  that  some  ratio  near  to  or  greater 
than  the  square  gives  often  more  trustworthy  results  than  the 
old  rule. 

In  Experiment  No.  8,  the  exponents  are  respectively  2*552, 
2*297  and  2*092,  coming  in  the  last  very  near  the  square.  It 
shows  that  4*88  cubic  feet  consumption  gave  the  best  results, 
and  also  that  3*72  and  7*219  cubic  feet  consumption  gave  very 
nearly  the  same  degree  of  intensity  of  combustion. 

In  Experiment  No.  4,  the  exponent  1*86  power  for  a  con- 
sumption of  9*519  consumption,  Slows  an  imperfect  combustion 
of  the  fish-tail  burner  employed. 

In  Experiment  No.  5,  the  experimental  conditions  were 
wholly  un&vorable  to  accuracy,  owing  to  an  inequality  of 
pressure  unavoidable  in  the  experimental  method  adopted,  there 
Deing  one  inch  pressure  on  the  10*06  c.  £  consumption,  and 
only  half  an  inch  on  the  5*16  c.  £  It  is  well  known  to  all  pho- 
tometric observers  how  important  a  low  pressure  and  an  equal 
pressure  is  to  the  results  obtained.  It  was  hardly  fair  to  Mr. 
Farmer  to  have  quoted  this  trial,  but  I  was  desirous  of  exhib- 
iting the  entire  range  of  observation,  bad  as  well  as  good. 

As  in  Experiment  No.  6,  the  consumption  of  sperm  was  in 
the  two  tests  very  nearly  uniform ;  the  diflference  would  be  very 
trifling  if  the  correction  had  been  applied.  Nor  is  it  by  any 
means  so  certain  that  Farmers  Theorem  applies  to  the  candle  as 
I  supposed  when  the  remarks  quoted  by  Mr.  Stimpson  were 
made,  since,  if  a  candle  bums  much  over  120  grains  it  smokes 
("tails  off"),  and  then  there  is  an  end  of  all  accuracy,  and  the 
observation  must  be  rejected ;  since  there  is  an  imperfect  com- 
bustion giving  an  increase  in  consumption  but  not  in  intensity. 

Mr.  Stimpson  rejects  all  the  data  given  bjr  me  which  are 
founded  upon  the  determination  of  the  intensity  of  a  rich  gas 
Am,  Jour.  Sol— Sbcond  Sbkibs,  Vol.  L,  No.  160.— Not.,  1S70. 
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by  the  *  method  of  mixtures/  because,  as  he  says,  the  accuracy 
of  this  method  has  not  yet  been  demonstrated  by  experiment 
But  this  objection  ceases  to  have  force  now  that  experiments, 
made  by  Mr.  Farmer  and  myself  lately,  prove  that  this  method 
is  worthy  of  confidence.  Inasmuch  as  the  most  important  case 
for  the  use  of  Fanner's  Theorem  is  that  of  gas  too  rich  to  be 
burned  in  the  standard  burner  on  a  basis  of  5  cubic  feet  per 
hour,  it  is  striking  oS  by  all  means  the  most  valuable  portion 
of  my  contribution  to  photometrical  methods  if  it  could  be 
shown  that  the  *  methoa  of  mixtures '  was  untrustworthy.  I 
am,  therefore,  glad  of  this  occasion  to  reiterate  my  confidence 
in  this  method,  and  to  refer  the  reader  curious  in  such  matters 
to  a  brief  paper  of  mine  upon  this  subject,  which  will  be  found 
on  page  8y9. 

I  care  very  little  whether  the  results  of  experiment  shall 
show,  when  they  are  sufficiently  accumulated,  tbat  the  ratio  of 
consumption  of  gas  is  to  the  intensity  produced  as  the  squares 
of  consumption  m  a  given  case,  or  in  some  other  ratio  greater 
than  a  simple  ratio.  I  have  desired  chiefly  to  call  al^ntion  to 
the  general  untrustworthiness  of  all  photometric  observations 
which  are  made  with  volumes  of  gas  much  less  than  the  normal 
standard  adopted,  when  these  results  are  calculated  on  the 
simple  ratio  of  the  consumptions.  It  is  only  by  the  accumula- 
tion of  carefuUy  conducted  experimental  data  that  a  law  can  be 
established,  ana  these  data  are  dow  pretty  rapidly  accumulating.* 

*  In  the  proceedings  of  the  American  Association  for  Advancement  of  Science, 
Salem  meeting,  I  presented  the  matter  referring  to  8ugg^$  manipukttkm  in  a  dif- 
ferent form,  giving  the  results  of  the  obseryations  with  his  Argand  burner  in  a 
tabular  form  as  follows : 


DlMerYfttloiii 

ObeerrfttlonA 

JS: 

Cubic 

corrected  by 

Differ- 

Uncorrected 

corrected  bj 

DIAfiT- 

feet. 

old  rale 
candles. 

encee. 

obeerratlons. 

Fuiner*B 
Theorem. 

eacok 

1. 

5- 

1400 

1400 

14-00 

2. 

49 

13-78 

0-22 

13-604 

14060 

0-656 

3. 

48 

13-74 

0-26 

13190 

14-312 

1132 

4. 

4-7 

18*30 

0-70 

12-602 

14-148 

1-646 

6. 

4-6 

13-04 

0-96 

11-996 

14191 

2*105 

6. 

4-6     • 

11-93 

207 

10-738 

13-256 

2-617 

The  mean  candle  power  of  the  6th  column  is  13-99  candles;  diflbrence  0*01  candlB. 
The  following  will  show  the  fractional  power  required  to  bring  the  uncorrected 
observations  (column  6)  to  14*00  candles. 


2. 

4-91-88  : 

13-604            : 

6l-« : 

14*00  oandlea. 

3. 

4-81-*? 

13*  90           : 

6l*7. 

1400 

4. 

4*7l*» 

12-602 

6l»: 

14-00 

6. 

4*61*88  : 

11*996 

:           6i*8e : 

14-00        " 

6. 

4-6«-0  : 

10*737 

6^M8: 

1400        " 

This  table  shows  that  the  3rd  and  6th  tests  have  not  been  good  ones,  while  ^ 
2d,  3d,  4th  and  6th  tests  fall  a  littSe  below  the  square  or  2d  power,  and  flie  6th 
test  £b  considerably  more. 

New  Haven,  Julj,  1870. 
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Art.  XLIL — On  the  Determination  of  the  Photometric  Power  of 
a  rick  gas  by  dilution,  with  a  poor  gas  of  known  value:  the 
^^  method  of  mixtures;"  by  B.  SiLLiMAN. 

In  a  paper  on  *  Fanner's  Theorem/  *  I  have  given  several 
examples  of  the  method  of  determining  the  intensity  or  photo- 
metric power  of  a  rich  gas  by  diluting  it  with  several  times  its 
own  volume  of  a  poorer  gas  of  known  intensity,  and  then  calcu- 
lating its  value  from  the  increment  of  intensity.  Having  dem- 
onstrated in  the  paper  before  mentioned  the  worthlessness  of  all 
determinations  oi  the  intensity  of  gases  of  high  illuminating 
power  made  by  burning  them  in  volumes  less  than  five  cubic 
leet,  and  then  calculating  their  intensity  by  the  rule  of  three  up 
to  that  volume,  I  have  shown  how  much  more  exact  results 
were  obtained  when  the  results  were  calculated  upon  the  theo- 
rem of  Mr.  Farmer;  this  greater  exactness  being  predicated 
largely  upon  the  confirmation  drawn  from  parallel  observations 
UDon  the  same  gases  when  measured  by  the  method  of  mixtures. 
Tne  results  thus  obtained  having,  however,  been  questioned  by 
Mr.  Stimpson,f  on  the  ground  that  the  method  itself  had  not 
been  experimentally  demonstrated,  I  have  undertaken  lately,  in 
connection  with  Mr.  Farmer,  to  make  some  experiments  calcu- 
lated to  test  its  accuracy. 

The  results  which  go  to  support  the  accuracy  of  the  method 
were  obtained  with  the  use  of  a  new  photometric  apparatus, 
constructed  for  the  Manhattan  Gas  Co.,  under  my  direction,  by 
Sugg  of  London,  and  which  was  designed  to  embrace  all  the 
best  approved  features  which  recent  experience  has  indicated 
in  photometry.  A  discussion  of  these  details  would  be  out  of 
place  in  this  connection.  Before  detailing  our  results,  it  will 
DC  proper  to  present  the  method  of  determination  of  intensity 
for  gas  of  hign  illuminating  power  as  practiced  by  Mr.  Farmer 
at  the  Manhattan  Gas  Works  in  New  York,  and  which  I  have 
called  the  method  of  mixtures. 

To  find  the  candle  power  of  a  gas  having,  for  example,  an 
intensity  sreater  than  20  candles,  mix  the  rich  gas  of  untnown 
power  with  a  poorer  gas  of  known  power  in  such  proportions 
that  the  intensity  of  the  mixture  shall  not  be  greater  than  20 
candles  power,  when  consumed  at  the  agreed  rate  of  not  over 
five  cubic  feet  per  hour.  Then  to  compute  the  candle  power 
(intensity)  of  the  rich  gas, — 

*  This  Journal,  II,  xKx,  17 ;  also  Proceedings  of  American  Association  for  Ad- 
Tancement  of  Sdenee,  Salem  meeting,  1869,  p.  149. 
f  See  page  272,  this  velume. 
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Let  a=the  percentage  or  volume  of  gas  of  low  intensity. 
^^     d=:the  intensity  in  candles  of  the  gas  of  low  intensity. 
^'     o=the  percentage  or  volume  of  rich  gas  used  in  the  mixture. 
^^     df=the  mtensity  in  candles  of  the  mixture  as  observed. 
^^     a;=:the  intensity  in  candles  of  the  rich  gas  required. 

Hence,    ?*±^  =  rf  <^r*)?+rf=a, 

And  this  expression  is  stated  arithmetically  in  the  following 

Rule: — iSubtract  the  intensity  of  the  poor  gas  Jrom  the  intensity 
of  the  mixture;  multiply  the  remainder  by  the  volume  of  poor  gas; 
divide  the  product  by  the  volume  of  rich  gas;  add  to  the  quotient  the 
intensity  of  the  mioced  gas^  and  the  sum  is  the  intensity  of  the  rich 
gas  sought 

Now  when  we  reflect  that  in  any  given  illuminating  gas  we 
have  always  a  certain  volume  of  non-luminous  combustible  gas, 
as  the  substratum  to  which  is  added,  according  to  its  source 
and  mode  of  treatment,  a  variable  volume  of  illuminants,  it  is  no 
unwarranted  assumption  to  sajr  that  the  illuminants  (chieflv 
olefines)  are  diluted  by  the  non-iUuminants.  It  is  agreed,  on  all 
hands,  that  hydrogen,  marsh  gas  and  carbonic  oxyd,  which 
together  form  the  mass  of  the  non-luminous  substratum  of  all 
iDuminating  gas,  have  of  themselves,  wben  pure,  no  luminosity, 
and  when  burned  at  ordinary  atmospheric  pressures  and  corres- 
ponding temperatures,  that  they  may  in  feet  be  called,  as  to 
luminosity,  neutral.  It  can  hardly  be  questioned  that  the 
intensity  which  these  neutral  gases  may  assume  in  a  given  mix- 
ture must  depend,  under  the  same  ordinary  conditions  before 
mentioned,  upon  the  amount  and  kind  of  olefines  they  may 
take  up  in  tne  destructive  distillation  of  the  coal  or  other 
hydrocarbons  used  in  making  gas.  If  these  assumptions  are 
true,  we  ought  to  be  able  to  demonstrate  them  by  experiment, 
by  commingling  certain  volumes  of  a  gas  of  known  intensity 
with  a  neutral  gas  of  no  intensitv.  These  experimental  condi- 
tions would  be  met  by  using  carbonic  oxyd  as  the  neutral  gas, 
or  better  still,  the  mixture  of  carbonic  oxyd  and  hydrogen 
resulting  from  the  decomposition  of  vapor  of  water  at  a  high 
temperature  in  contact  with  highly  ignited  carbon,  as  in  the 
hydrocarbon  ^  process.  But  in  default  of  any  convenient 
means  of  obtaining  these  gases,  we  had  recourse  to  hydrogen 
^  evolved  by  the  action  of  diluted  sulphuric  acid  upon  zinc 
m  a  large  self-regulating  generator  of  hydrogen.  It  is  well 
known  that  hydrogen  thus  made  is  not  absolutely  non-luminous, 
but  it  is  sufficiently  so  for  photometric  purposes.  The  avidity 
of  hydrogen  for  all  the  olennes,  however,  renders  it  difficult  to 
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obtain  entirely  satisfectoiy  results  with  the  use  of  this  gas,  pro- 
vided it  is  passed  through  ffas  pipes  and  holders  which  have 
been  previously  used  for  the  transmission  of  coal  gas,  since 
however  carefully  one  may  rinse  out  these  tubes  by  hydrogen, 
there  may  yet  cling,  probably,  some  small  trace  of  the  condensed 
illuminants  to  the  walls  of  the  tubes,  which  imparts  a  trifling 
intensity  to  the  hydrogen  passing  through  them. 

To  obtain  a  supply  of  nch  gas  of  uniform  intensity,  100  lbs. 
of  Albertite  were  coked  until  810  cubic  feet  of  gas  had  been 
taken  from  it  of  a  density  of  498.  This  gas  was  purified,  col- 
lected and  preserved  in  a  separate  gas  holder.  Its  mtensity  was 
determined, 

Ist.  By  Farmer's  Theorem       =  80-49  candles. 
2d.     "   mixing  with  poor  gas  =  80'95        " 
8d,     "    simple  ratio  =  26-20        " 

In  determining  the  intensity  of  this  gas  by  the  method  of 
mixtures,  20  per  cent  by  volume  of  Albert  cas  was  mingled 
with  80  per  cent  of  10*6  candle  gas  obtained  from  a  poor  coaL 
The  mixture  had  an  intensity  of  14 '67  candles.     Hence, 
(14-67-10-60)x80-r20+14-67=S0-95  candles 
for  the  intensity  of  the  Albert  Gas  by  the  method  of  mixtures. 

\8t  Experiment. 

Taken      75  volumes  of  coal  gas                =14-75  candles,  obs'd. 
"  25         **  hydrogen  = 

"  100        "  mixture  =10*22       "  " 

If  hydrogen=0  this  mixture  should  have  given  1 1  -06      "  calc 

Hence  there  is  an  error  of  observation  of  -84   of  a  candle, 

which  makes  the  value  of  the  hydrogen  apparently  below  zero. 

2d  Experiment. 
Taken      75  volumes  of  coal  gas                =14-25  candles,  obs'd. 
"  25        "  hydrogen  = 

"  100        «  mixture  =10-35       "  " 

lfhydrogen=0  this  mixture  should  have  given  1069      "  calc. 

Hence  there  is  an  error  of  observation         =     -25      "        which 

again  makes  the  value  of  the  hydrogen,  apparently  a  little  below 

zero. 

The  want  of  sufficient  storage  room  for  hydrogen  and  the 
necessitv  of  manv  repetitions,  and  much  care  in  manipulation 
to  avoid  errors  oi  quantity  in  the  synthesis  of  mixtures  make 
experiments  of  this  sort  tedious,  and  my  other  avocations  have 
prevented  my  multiplying  them  as  much  as  is  desirable.  I 
think,  however,  that  most  photometric  observers  will  agree  with 
me  that  it  is  safe  to  conclude,  from  these  two  experiments,  that 
the  action  of  hydrogen  in  gaseous  mixtures  is  simply  that  of  a 
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diluant  We  might  make  a  thousand  observations  by  the 
means  now  at  command,  and  not  obtain  one  with  an  exact  0  for 
hydrogen.  A  very  trifling  error  in  the  admeasurement  greatly 
influences  the  resmt 
We  may  therefore  safely  conclude,  as  it  appears  to  me — 
1st  That  in  all  illuminating  gas  we  have  a  certain  substratum 
of  n(m-luminous  gas,  holding  in  solution  a  variable  volume  of 
luminous  gas  (olefines). 

2d.  That  when  a  gas  is  too  rich  in  illuminants  to  permit  of 
accurate  photometric  admeasurement  by  the  usual  standards  of 
intensity,  it  may  be  diluted  with  a  poor  gas  of  known  value 
and  volume  to  such  a  standard  as  is  consistent  with  the  accurate 
employment  of  the  usual  photometric  apparatus,  its  true  value 
being  then  calculated  fix>m  the  known  v^ues  employed. 

P.  S.  I  find  in  the  manuscript  records  of  the  Manhattan  Gkis 
Company,  mention  of  four  experiments  made  many  years  since 
by  Mr.  Schultz,  chemist  of  that  company,  in  which  he  mixed 
6  per  cent  and  10  per  cent  of  hydrogen  with  gas  of  very  high 
illuminating  power.  The  results  are  less  satisSictory  than  they 
would  have  been,  had  the  volume  of  hydrogen  employed  been 
much  larger  and  the  intensity  of  the  coal  gas  not  over  15 
candles.  Moreover  at  that  time  the  means  of  admeasurement 
at  the  command  of  the  observer  in  the  laboratory  of  the  Man- 
hattan Company  of  small  volumes  of  gas  were  much  less  exact 
than  they  now  are.     The  results  obtained  are  as  follows : 

\9t  Experiment 
Taken  90  volumes  of  coal  gas        =22*53  candles,  observed* 

"  10        "  hydrogen      =. 

"  100       "  mixture 

If  the  hydrogen  is  taken  as  0     *' 
Showing  apparent  error  of 

2d  Experiment. 
Taken            95  volumes  of  coal  gas        =22*53  candles,  observed. 
"  5        "  hydrogen     = 

"  100         "  mixture        =20*35         «  «* 

If  the  hydrogen  is  taken  as  0      "  =21*39        "     calculated. 

Apparent  error  =—1*04        "  " 

Zd  Experintent. 
Taken            90  volumes  coal  gas            rr20*83  candles,  observed. 
"  10        "       hydrogen         = 

"  Too        "       mixture  =1944        «  ** 

If  hydrogen  is  taken=  0      "  =18*29        "     calculated. 

Apparent  error,  -f-     '15        "  " 


=19*11 

iC 

C( 

=20-27 

4C 

calculated. 

=—  1*11 

iC 

u 
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^th  McperimerU. 
Taken            95  vohimeB  of  ooal  gas      =20*83  candleB,  observed. 
"  6        "  hydrogen    = 

"  100        "  mixture       =20-62        "  " 

If  hydrogen  is  taken    =0        "  z=  19*79        "     ealculatei 

Apparent  error,  +     '78        "  " 

New  Haven,  Sept  1870. 


Art.  XTiHL — Address  of  Thomas  Henry  Huodey^  at  the  meeting 
of  the  British  Association  aX  Liverpool,  on  the  lAilhof  Septy  1870.* 

It  has  long  been  the  custom  for  the  newly  installed  President 
of  the  British  Association  for  the  Advancement  of  Science  to 
take  advantage  of  the  elevation  of  the  position  in  which  the 
suffrages  of  his  colleagues  had,  for  the  time,  placed  him,  and, 
casting  his  eyes  around  the  horizon  of  the  scientific  world,  to 
report  to  them  what  could  be  seen  from  his  watch-tower ;  in 
what  directions  the  multitudinous  divisions  of  the  noble  army 
of  the  improvers  of  natural  knowledge  were  marching ;  what 
important  strongholds  of  the  great  enemy  of  us  all,  ignorance, 
had  been  recently  captured ;  and,  also,  with  due  impartiality, 
to  mark  where  the  advanced  posts  of  science  had  been  driven  in, 
or  a  long-continued  siege  had  made  no  progress. 

I  propose  to  endeavor  to  follow  this  ancient  precedent,  in  a 
manner  suited  to  the  limitations  of  my  knowledge  and  of  my 
capacity.  I  shall  not  presume  to  attempt  a  panoramic  survey 
of  the  world  of  science,  nor  even  to  give  a  sketch  of  what  is  do- 
ing in  the  one  great  province  of  biology,  with  some  portions  of 
which  my  ordinary  occupations  render  me  familiar.  But  I 
shall  endeavor  to  put  before  you  the  history  of  the  rise  and  pro- 
gress of  a  single  biological  doctrine ;  and  I  shall  try  to  give 
some  notion  of  the  fruits,  both  intellectual  and  practical,  which 
we  owe,  directly  or  indirectly,  to  the  working  out,  by  seven 
generations  of  patient  and  laborious  investigators,  of  the  thought 
which  arose,  more  than  two  centuries  ago,  in  the  mind  of  a  sa- 
gacious and  observant  Italian  naturalist 

It  is  a  matter  of  every-day  experience  that  it  is  difficult  to 
prevent  many  articles  of  food  trom  becoming  covered  with 
mould ;  that  fruit,  sound  enough  to  all  appearance,  often  con- 
tains grubs  at  the  core ;  that  meat,  left  to  itself  in  the  air,  is  apt 
to  putrefy  and  swarm  with  maggots.  Even  ordinary  water,  if 
allowed  to  stand  in  an  open  vessel  sooner  or  later  becomes  tur- 
bid and  fiill  of  living  matter. 

The  philosophers  of  antiquity,  interrogated  as  to  the  cause  of 
these  phenomena,  were  provided  with  a  ready  and  a  plausible 
♦  From  "Nature,"  of  Sept  16. 
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answer.  It  did  not  enter  their  minds  even  to  doubt  that  these 
low  forms  of  life  were  generated  in  the  matters  in  which  they 
made  their  appearance.  Lucretius,  who  had  drunk  deeper  of 
the  scientific  spirit  than  any  poet  of  ancient  or  modem  times 
except  Goethe,  intends  to  speaK  as  a  philosopher,  rather  than  as 
a  poet,  when  he  writes  that  "  with  good  reason  the  earth  has 
gotten  the  name  of  mother,  since  all  things  are  produced  out  of 
the  earth.  And  many  living  creatures,  even  now,  spring  out  of 
the  earth,  taking  form  by  the  rains  and  the  heat  of  the  sun." 
The  axiom  of  ancient  science,  "  that  the  corruption  of  one  thing 
is  the  birth  of  another,"  had  its  popular  embodiment  in  the  no- 
tion that  a  seed  dies  before  the  young  plant  springs  fix>m  it ;  a 
belief  so  wide  spread  and  so  fixed,  that  oaint  !Paul  appeals  to  it 
in  one  of  the  most  splendid  outbursts  of  his  fervid  eloquence : — 
"  Thou  fool,  that  which  thou  sowest  is  not  quickened,  except  it 
die."* 

The  proposition  that  life  mav,  and  does,  proceed  fix)m  that 
which  has  no  life,  then,  was  held  alike  by  the  philosophers,  the 

Eoets,  and  the  people,  of  the  most  enlightened  nations,  eighteen 
undred  years  ago ;  and  it  remained  the  accepted  doctrine  of 
learned  and  unlearned  Europe,  through  the  middle  ages,  down 
even  to  the  seventeenth  century. 

It  is  commonly  counted  among  the  many  merits  of  our  great 
countryman,  Harvey,  that  he  was  the  first  to  declare  the  oppo- 
sition of  fact  to  venerable  authority  in  this,  as  in  other  matters; 
but  I  can  discover  no  justification  for  this  wide-spread  notion. 
After  careful  search  through  the  "  Exercitationes  de  Qenera- 
tione,"  the  most  that  appears  clear  to  me  is,  that  Harvey  believed 
all  animals  and  plants  to  spring  from  what  he  terms  a  "jmwior- 
ditim  vegetale,^^  a  phrase  which  may  nowadays  be  rendered  "a 
vegetative  germ;"  and  this,  he  says,  is  ^^oviforme"  or  "^g- 
like ;"  not,  he  is  carefiil  to  add,  that  it  necessarily  has  the  shape 
of  an  egg,  but  because  it  has  the  constitution  and  nature  of  one. 
That  this  ^^ primordium  oviforme^^  must  needs,  in  all  cases,  pro- 
ceed from  a  living  parent  is  nowhere  expressly  maintained  by 
Harvey,  though  such  an  opinion  may  be  thought  to  be  implied 
in  one  or  two  passages ;  wnile,  on  the  other  hand,  he  does,  more 
than  once,  use  language  which  is  consistent  only  with  a  fall  be- 
lief in  spontaneous  or  equivocal  generation.  In  fact,  the  main 
concern  of  Harvey's  wonderful  little  treatise  is  not  with  genera- 
tion, in  the  physiological  sense,  at  all,  but  with  development; 
and  his  great  object  is  the  establishment  of  the  doctrine  of  epi- 
genesis. 

The  first  distinct  enunciation  of  the  hypothesis  that  all  living 

matter  has  sprung  from  pre-existing  living  matter,  came  from  a 

contemporary,  though  a  junior,  of  Harvey,  a  native  of  that 

country  fertile  in  men  great  in  all  departments  of  human  activity, 

•  1  Corinthians,  xv,  36. 
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wliicli  was  to  intellectual  Europe,  in  the  sixteenth  and  seven- 
teenth centuries,  what  Germany  is  in  the  nineteenth.  It  was  in 
Italy,  and  from  Italian  teachers,  that  Harvey  received  the  most 
important  part  of  his  scientific  education.  And  it  was  a  student 
tramed  in  the  same  schools,  Francesco  Redi — a  man  of  the  widest 
knowledge  and  most  versatile  abilities,  distinguished  alike  as 
scholar,  poet,  physician,  and  naturalist — who,  just  two  hundred 
and  two  years  ago,  published  his  "  Esperienza  intomo  aUa  Gene- 
razione  degr  Insetti,"  and  gave  to  the  world  the  idea,  the  growth 
of  which  it  is  my  purpose  to  traca  Redi's  book  went  through 
five  editions  in  twenty  years ;  and  the  extreme  simplicity  of  ms 
experiments,  and  the  clearness  of  his  arguments  gained  for  his 
views,  and  for  their  consequences,  almost  universal  acceptance. 

Redi  did  not  trouble  himself  much  with  speculative  consid- 
erations, but  attacked  particular  cases  of  what  was  supposed  to 
be  "spontaneous  generation"  experimentally.  Here  are  dead 
animals,  or  pieces  of  meat,  says  he ;  I  expose  them  to  the  air 
in  hot  weather,  and  in  a  few  days  they  swarm  with  maggots. 
You  teU  me  that  these  are  generated  in  the  dead  flesh ;  but  if  I 
put  similar  bodies,  while  quite  fresh,  into  a  jar,  and  tie  some  fine 
gauze  over  the  top  of  the  jar,  not  a  maggot  makes  its  appearance, 
while  the  dead  substances,  nevertheless,  putrefy  just  in  the  same 
way  as  before.  It  is  obvious,  therefore,  that  the  maggots  are 
not  generated  by  the  corruption  of  the  meat ;  and  that  the  cause 
of  their  formation  must  be  a  something  which  is  kept  away  by 
gauze.  But  gauze  will  not  keep  away  aeriform  bodies,  or 
fluid.  This  something  must,  therefore,  exist  in  the  form  of 
solid  particles  too  big  to  get  through  the  gauze.  Nor  is  one 
long  left  in  doubt  what  these  solid  particles  are :  for  the  blow- 
flies, attracted  by  the  odor  of  the  meat,  swarm  round  the  vessel, 
and,  urged  by  a  powerful  but  in  this  case  misleading  instinct, 
lay  eggs  out  of  wnich  maggots  are  immediately  hatched  upon 
the  gauza  The  conclusion,  therefore,  is  unavoidable ;  the  mag- 
gots are  not  generated  by  the  meat,  but  the  eggs  which  give  rise 
to  them  are  Drought  through  the  air  by  the  flies. 

These  experiments  seem  almost  childishly  simple,  and  one 
wonders  how  it  was  that  no  one  ever  thought  of  them  before. 
Simple  as  they  are,  however,  they  are  worthy  of  the  most  care- 
ful study,  for  every  piece  of  experimental  work  since  done,  in 
r^ard  to  this  subject,  has  been  snaped  upon  the  model  furnished 
by  the  Italian  philosopher.  As  the  results  of  his  experiments 
were  the  same,  however  varied  the  nature  of  the  materials  he 
used,  it  is  not  wonderful  that  there  arose  in  Redi's  mind  a  pre- 
sumption, that  in  all  such  cases  of  the  seeming  production  of 
life  from  dead  matter,  the  real  explanation  was  tne  introduction 
of  living  cerms  fi*om  without  into  that  dead  matter.  And  thus 
the  hypothesis  that  living  matter  always  arises  by  the  agency  of 
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pre-existing  living  matter,  took  definite  ahi^ ;  and  had,  henoe- 
forward,  a  right  to  be  considered  and  a  claim  to  be  rellited,  in 
each  particular  case,  before  the  production  of  living  matter  in 
any  other  way  could  be  admittea  bj  careful  reasonera  It  will 
be  necessary  for  me  to  refer  to  this  hypothesis  so  frequently, 
that,  to  save  circumlocution,  I  shall  call  it  the  hypothesis  of 
Biogenesis ;  and  I  shall  term  the  contrary  doctrine — ^that  living 
matter  may  be  produced  by  not  living  matter— the  hypothesis 
of  Abiogenesis. 

In  the  seventeenth  centuiy,  as  I  have  said,  the  latter  was  the 
dominant  view,  sanctioned  alike  by  anti^uitv  and  by  authority ; 
and  it  is  interesting  to  observe  that  Redi  did  not  escape  the  cus- 
tomary tax  upon  a  discoverer  of  having  to  defend  himself 
against  the  charge  of  impugning  the  authority  of  the  Scriptures ; 
for  his  adversaries  declared  that  the  generation  of  bees  troux  the 
carcase  of  a  dead  lion  is  af&rmed,  in  the  Book  of  Judges,  to 
have  been  the  origin  of  the  famous  riddle  with  which  Saniscm 
perplexed  the  Philistines: — 

**  Out  of  the  eater  oaoie  forth  meftt, 
And  out  of  the  strong  oame  forth  Bweetnesfl." 

Against  all  odds,  however,  Eedi,  strong  with  the  stren^h  of 
demonstrable  fact,  did  splendid  battle  for  Biogenesis ;  but  it 
is  remarkable  that  he  held  the  doctrine  in  a  sense  which,  if  he 
had  lived  in  these  times,  would  have  infallibly  caused  him  to 
be  classed  among  the  drfenders  of  "  spontaneous  generation." 
"Omne  vivum  ex  vivo,"  "no  life  without  antecedent  life," 
aphoristically  sums  up  Redi's  doctrine  ;  but  he  went  no  further. 
It  is  most  remarkable  evidence  of  the  philosophic  caution  and 
impartiality  of  his  mind,  that  although  he  had  speculatively 
anticipated  the  manner  in  which  grubs  really  are  aeposited  in 
fruits  and  in  the  galls  of  plants,  he  deliberately  admits  that  the 
evidence  is  insufficient  to  bear  him  out;  and  he  therefore  pre- 
fers the  supposition  that  they  are  generated  by  a  modification 
of  the  living  substance  of  the  plants  themselves.  Indeed,  he 
regards  these  vegetable  growths  as  organs,  by  means  of  which 
the  plant  gives  rise  to  an  animal,  and  looks  upon  this  produc- 
tion of  specific  animals  as  the  final  cause  of  the  galls  and  of  at 
any  rate  some  fruit  And  he  proposes  to  explain  the  occur- 
rence of  parasites  within  the  animal  body  in  the  same  way. 

It  is  of^great  importance  to  apprehend  Kedi's  position  rightly ; 
for  the  lines  of  thought  he  laid  down  for  us  are  those  upon 
which  naturalists  have  been  working  ever  since.  Clearly,  he 
held  Biogenesis  as  against  Abiogenesis  ;  and  I  shall  immediately 
proceed,  in  the  first  place,  to  inquire  how  far  subsequent  inves- 
tigation has  borne  him  out  in  so  doing. 

But  Redi  also  thought  that  there  were  two  modes  of  Biogen- 
esia     By  the  one  method,  which  is  that  of  common  and  ordi- 
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nary  occurrence,  the  living  parent  gives  rise  to  ofFspring  which 
passes  through  the  same  cvcle  of  changes  as  it^el^— like  gives 
rise  to  like ;  and  this  has  been  termed  Homogenesis,  By  the 
other  mode  the  living  parent  was  supposed  to  give  rise  to  off- 
spring which  passed  through  a  totally  different  series  of  states 
from  those  exhibited  by  the  parent,  and  did  not  return  into  the 
cycle  of  the  parent ;  this  is  what  ought  to  be  called  Heterogenesisy 
the  offspring  being  altogether,  and  permanently  unlike  the  parent 
The  term  Heterogenesis,  however,  has  unfortunately  been  used 
in  a  different  sense,  and  M.  MUne-Edwards  has  therefore  sub- 
stituted for  it  XenogenestSj  which  means  the  generation  of  some- 
thing foreign.  After  discussing  Redi's  hypothesis  of  universal 
Biogenesis,  then,  I  shall  go  on  to  ask  how  far  the  growth  of 
science  justifies  his  other  hypothesis  of  Xenogenesis. 

The  progress  of  the  hypothesis  of  Biogenesis  was  triumphant 
and  unchecked  for  nearly  a  century.  The  application  of  the 
microscope  to  anatomy  in  the  hands  of  Grew,  Leeuwenhoek, 
Swammerdam,  Lyonet,  Vallisnieri,  Beaumur,  and  other  illus- 
trious investigatorsof  nature  of  that  day,  displayed  such  a  com- 
plexity of  organization  in  the  lowest  and  minutest  forms,  and 
everywhere  revealed  such  a  prodigality  of  provision  for  their 
multiplication  by  germs  of  one  sort  or  another,  that  the  hypo- 
thesis of  Abiogenesis  b^an  to  appear  not  only  untrue,  but  ab- 
surd ;  and,  in  the  middle  of  the  eighteenth  century,  when  Need- 
ham  and  Buffon  took  up  the  question,  it  was  almost  universally 
discredited. 

But  the  skill  of  the  microscope-makers  of  the  eighteenth  cen- 
tury soon  reached  its  limit  A  microscope  magnifving  400 
diameters  was  a  chef  dceuvre  of  the  opticians  of  that  day;  and 
at  the  same  time,  by  no  means  trustworthy.  But  a  magnifying 
power  of  400  diameters,  even  when  definition  reaches  the  exqui- 
site perfection  of  our  modem  achromatic  lenses,  hardly  suffices 
for  tne  mere  discernment  of  the  smallest  forms  of  life.  A  speck, 
only  ^'jth  of  an  inch  in  diameter,  has,  at  10  inches  fixwoi  the  eye, 
the  same  apparent  size  as  an  object  y^^ J^^th  of  an  inch  in  dia- 
meter, when  magnified  400  times ;  but  forms  of  living  matter 
abound,  the  diameter  of  which  is  not  more  than  T^iT^th  of  an 
inch.  A  filtered  infusion  of  hay,  allowed  to  stand  for%two  days, 
will  swarm  with  living  things,  among  which,  any  which  reaches 
the  diameter  of  a  human  red  blood-corpuscle,  or  about  j^^isi^th 
of  an  inch,  is  a  giant  It  is  only  by  bearing  these  facts  in  mind, 
that  we  can  deal  fairly  with  the  remarkable  statements  and 
speculations  put  forward  by  Buffon  and  Needham  in  the  middle 
of  the  eighteenth  century. 

When  a  portion  of  any  animal  or  vegetable  body  is  infused 
in  water,  it  gradually  softens  and  disintegrates ;  and,  as  it  does 
so,  the  water  is  found  to  swarm  with  minute  active  creatures, 
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the  so-called  Infusorial  Animalcules,  none  of  which  can  be  seen, 
except  by  the  aid  of  the  microscope ;  while  a  large  proportion 
belong  to  the  category  of  smallest  things  of  which  I  have 
spoken,  and  which  must  have  all  looked  like  mere  dots  and 
lines  under  the  ordinary  microscopes  of  the  eighteenth  century. 

Led  by  various  theoretical  considerations  which  I  cannot  now 
discuss,  but  which  looked  promising  enough  in  the  lights  of  that 
day,  BufFon  and  Needham  doubted  the  applicability  of  Redi's 
hypothesis  to  the  infusorial  animalcules,  and  Needham  very 
properly  endeavored  to  put  the  (question  to  an  experimental 
test  He  said  to  himself  if  these  infusorial  animalcules  come 
from  germs,  their  germs  must  exist  either  in  the  substance  in- 
fused, or  in  the  water  in  which  the  infusion  is  made,  or  in  the 
superjacent  air.  Now  the  vitality  of  all  germs  is  destroyed  by 
heat  Therefore,  if  I  boil  the  infusion,  cork  it  up  carefully, 
cementing  the  cork  over  with  mastic,  and  then  heat  the  whole 
vessel  by  heaping  hot  ashes  over  it,  I  must  needs  kill  whatever 
germs  are  present  Consequently,  if  Redi's  hypothesis  hold 
good,  when  the  fusion  is  taken  away  and  allowed  to  cool,  no 
animalcules  ought  to  be  developed  in  it ;  whereas,  if  the  animal- 
cules are  not  dependent  on  pre-existing  germs,  but  are  generated 
fix)m  the  infused  substance,  they  ought,  by-and-by,  to  make 
their  appearance.  Needham  foimd  that,  under  the  circum- 
stances in  which  he  made  his  experiments,  animalcules  always 
did  arise  in  the  infusions,  when  a  sufficient  time  had  elapsed  to 
allow  for  their  development 

In  much  of  his  work  Needham  was  associated  with  Buffon, 
and  the  results  of  their  experiments  fitted  in  admirably  with 
the  great  French  naturalist's  hypothesis  of  "  organic  molecules," 
according  to  which,  life  is  the  indefeasible  property  of  certain 
indestructible  molecules  of  matter,  which  exist  in  all  living 
things,  and  have  inherent  activities  by  which  they  are  distin- 
guished fix)m  not  living  matter.  Each  individual  living  organ- 
ism is  formed  by  their  temporary  combination.  They  stand  to 
it  in  the  relation  of  the  particles  of  water  to  a  cascade,  or  a 
whirlpool ;  or  to  a  mould,  into  which  the  water  is  poured.  The 
form  of  the  organism  is  thus  determined  by  the  reaction  be- 
tween external  conditions  and  the  inherent  activities  of  the 
organic  molecules  of  which  it  is  composed ;  and,  as  the  stop- 
page of  the  whirlpool  destroys  nothing  but  a  form,  and  leaves 
the  molecules  of  the  water,  with  all  their  inherent  activities  intact, 
so  what  we  call  the  death  and  putrefraction  of  an  animal,  or  of 
a  plant,  is  merely  the  breakii^  up  of  the  form,  or  manner  of 
association,  of  its  constituent  oiiganic  molecules,  which  are  then 
set  free  as  infusorial  animalcules. 

It  will  be  perceived  that  this  doctrine  is  by  no  means  identi- 
cal with  Abvogenes'Sy  with  which  it  is  ofken  confounded.    On 
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this  hypothesis,  a  piece  of  beef,  or  a  handful  of  hay,  is  dead 
only  in  a  limited  sense.  The  beef  is  dead  ox,  and  the  hay  is 
dead  grass ;  but  the  "  organic,  molecules  '*  of  the  beef  or  the 
hay  are  not  dead,  but  are  ready  to  manifest  their  vitality  as 
soon  as  the  bovine  or  herbaceous  shrouds  in  which  they  are 
imprisoned  are  rent  by  the  macerating  action  of  water.  The 
hypothesis  therefore  must  be  classified  under  Xeno^enesis,  rather 
than  under  Abiogenesis.  Such  as  it  was,  I  think  it  will  appear, 
to  those  who  will  be  just  enough  to  remember  that  it  was  pro- 
pounded before  the  birth  of  modem  chemistry,  and  of  the 
modem  optical  arts,  to  be  a  most  ingenious  and  suggestive 
speculation. 

But  the  ereat  tragedy  of  Science — ^the  slaying  of  a  beautiful 
hypothesis  by  an  uffly  fact — ^which  is  so  constantly  being  enacted 
under  theeyesof  pnilosophers,  was  played,  almost  immediately, 
for  the  benefit  of  JBuflfon  and  Needham. 

Once  more,  an  Italian,  the  Abb^  Spallanzani,  a  worthy  suc- 
cessor and  representative  of  Redi  in  his  acuteness,  his  ingenuity, 
and  his  learning,  subjected  the  experiments  and  the  conclusions 
of  Needham  to  a  searching  criticism.  It  might  be  true  that 
Needham's  experiments  yielded  results  such  as  he  had  described, 
but  did  they  bear  out  his  arguments?  Was  it  not  possible,  in 
the  first  place,  that  he  had  not  completely  excluded  the  air  by 
his  corks  and  mastic  ?  And  was  it  not  possible,  in  the  second 
place,  that  he  had  not  sufficiently  heated  nis  inf\isions  and  the 
superjacent  air?  Spallanzani  joined  issue  with  the  English 
naturalist  on  both  these  pleas,  and  he  showed  that  i^  in  the  first 
place,  the  glass  vessels  in  which  the  infosions  were  contained 
were  hermetically  sealed  by  fusing  their  necks,  and  if,  in  the 
second  place,  they  were  exposed  to  the  temperature  of  boiling 
water  for  three-quarters  of  an  hour,*  no  animalcules  ever  made 
their  appearance  within  them.  It  must  be  admitted  that  the 
experiments  and  arguments  of  Spallanzani  furnish  a  complete 
and  acmshing  reply  to  those  of  Needham.  But  we  all  too  often 
forget  that  it  is  one  thing  to  refute  a  proposition,  and  another  to 
prove  the  truth  of  a  doctrine  which,  implicitly  or  explicitly, 
contradicts  that  proposition,  and  the  advance  of  science  soon 
showed  that  though  Needham  might  be  quite  wrong,  it  did  not 
follow  that  Spallanzani  was  quite  richt 

Modem  chemistry,  the  birth  of  tne  latter  half  of  the  eigh- 
teenth century,  grew  apace,  and  soon  found  herself  face  to  face 
with  the  great  problems  which  biology  had  vainly  tried  to  at- 
tack without  her  help.  The  discoveir  of  oxygen  led  to  the 
laying  of  the  foundations  of  a  scientific  theory  of  respiration, 
and  to  an  examination  of  the  marvellous  interactions  of  organic 
substances  with  oxygen.  The  presence  of  firee  oxygen  appeared 
to  be  one  of  the  conditions  of  tne  existence  of  life,  and  of  those 
*  See  Spellanzani,  "Opere,"  i\^  pp.  42  and  61. 
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singular  changes  in  organic  matters  which  are  known  as  fer- 
mentation and  putre&ction.  The  question  of  the  generation 
of  the  infusory  animalcules  thu^  passed  into  a  new  phase.  For 
what  might  not  have  happened  to  the  organic  matter  of  the 
infusions,  or  to  the  oxygen  of  the  air,  in  SpaUanzani's  exp^- 
ments  ?  What  security  was  there  that  the  development  of  life 
which  ought  to  have  taken  place  had  not  been  checked  or  pre- 
vented by  these  changes  ? 

The  battle  had  to  be  fought  again.  It  was  needful  to  repeat 
the  experiments  under  conoitions  which  would  make  sure  that 
neither  the  oxygen  of  the  air,  nor  the  composition  of  the  organic 
matter,  was  altered  in  such  a  manner  as  to  interfere  with  the 
existence  of  life. 

Schulze  and  Schwann  took  up  the  question  from  this  point 
of  view  in  1886  and  1837.  The  passage  of  air  through  red-hot 
glass  tubes,  or  through  strong  sulphuric  acid,  does  not  alter  the 
proportion  of  its  oxygen,  while  it  must  needs  arrest  or  destroy 
any  organic  matter  which  may  be  contained  in  the  air.  These 
experimenters,  therefore,  contrived  arrangements  by  which  the 
only  air  which  should  come  into  contact  with  a  boiled  infusion 
should  be  such  as  had  either  passed  through  red-hot  tubes  or 
through  strong  sulphuric  acid  The  result  which  thej  obtained 
was  that  an  infusion  so  treated  developed  no  living  thmgs,  while 
if  the  same  infusion  was  afterwards  exposed  to  the  air  such 
things  appeared  rapidly  and  abundantly.  The  accuracy  of  these 
experiments  has  been  alternately  denied  and  affirmed.  Suppos- 
ing them  to  be  accepted,  however,  all  that  thej  reallv  proved 
was  that  the  treatment  to  which  the  air  was  subjected  destroyed, 
aomethmg  that  was  essential  to  the  development  of  life  in  the 
infusion.  This  "  something ''  might  be  ga»30U8,  fluid,  or  solid ; 
that  it  consisted  of  germs  remained  only  an  hypothesis  of  greater 
or  less  probability. 

Contemporaneously  with  these  investijgations  a  remarkable 
discovery  was  made  oy  Cagniard  de  la  Tour.  He  found  that 
common  yeast  is  composed  of  a  vast  accumulation  of  minute 
plants.  The  fermentation  of  must  or  wort  in  the  fabrication 
of  wine  and  of  beer  is  always  accompanied  by  the  rapid  growth 
and  multiplication  of  these  TorulcB,  Thus  fermentation,  in  so 
fSstr  as  it  was  accompanied  by  the  development  of  microscopical 
organisms  in  enormous  numoers,  became  assimilated  to  the  de- 
composition of  an  infusion  of  ordinary  animal  or  v^etable 
matter ;  and  it  was  an  obvious  suggestion  that  the  oi^^anisms 
were,  in  some  way  or  other,  the  causes  both  of  fermentation  and 
of  putrefaction.  The  chemists,  with  Berzelius  and  Inebig  at 
theu*  head,  at  first  laughed  this  idea  to  scorn ;  but  in  1843,  a 
man  then  very  young,  who  has  since  performed  the  unexampled 
feat  of  attaining  to  high  eminence  aliKe  in  Mathematics,  Physics, 
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and  Physiology — I  speak  of  the  illustrious  Helmholtz — ^reduced 
the  matter  to  the  test  of  experiment  by  a  method  alike  elegant 
and  conclusiva  Helmholtz  separated  a  putrefying  or  a  fer- 
menting liquid  from  one  which  was  simply  putrescible  or  fer- 
mentable by  a  membrane  which  allowed  the  fluids  to  pass 
through  and  become  intermixed,  but  stopped  the  passage  of 
solids.  The  result  was,  that  while  the  putrescible  or  the  fer- 
mentable liquids  became  impregnated  with  the  results  of  the 
putrescence  or  fermentation  which  was  goinc  on  on  the  other 
side  of  the  membrane,  they  neither  putrefied  (in  the  ordinary 
way)  nor  fermented;  nor  were  any  of  the  organisms  which 
abounded  in  the  fermenting  or  putrefying  liquia  generated  in 
them.  Therefore  the  cause  of  the  development  of  these  organ- 
isms must  lie  in  something  which  cannot  pass  through  mem- 
branes ;  and  as  Helmholtz^  investigations  were  long  antecedent 
to  Graham's  researches  upon  colloids,  his  natural  conclusion 
was  that  the  agent  thus  intercepted  must  be  a  solid  material. 
In  point  of  fact,  Helmholtz's  experiments  narrowed  the  issue 
to  this :  that  which  excites  fermentation  and  putrefaction,  and 
at  the  same  time  gives  rise  to  living  forms  in  a  fermentable  or 
putrescible  fluid,  is  not  a  gas  and  is  not  a  diffusible  fluid ;  there- 
fore it  is  either  a  colloid,  or  it  is  a  matter  divided  into  very 
minute  solid  particles. 

The  researches  of  Schroeder  and  Dusch  in  1854,  and  of 
Schroeder  alone,  in  1859,  cleared  up  this  point  by  eayeriments 
which  are  simply  refinements  upon  those  of  EedL  A  lump  of 
cotton-wool  is,  physically  speaking,  a  pile  of  many  thicknesses 
of  a  very  fine  gauze,  the  nneness  of  the  meshes  of  which  de- 
pends upon  the  closeness  of  the  compression  of  the  wool. 
Now,  Scnroeder  and  Dusch  found,  that,  in  the  case  of  all  the 
putreflable  materials  which  they  used  (except  milk  and  yolk  of 
^g),  an  infrision  boiled,  and  then  allowed  to  come  into  contact 
witn  no  air  but  such  as  had  been  filtered  through  cotton-wool, 
neither  putrefied  nor  fermented,  nor  developed  living  forms.  It 
is  hard  to  imagine  what  the  fine  sieve  formed  by  the  cotton-wool 
could  have  stopped  except  minute  solid  particlea  Still  the 
evidence  was  incomplete  until  it  had  been  positively  shown, 
first,  that  ordinary  air  does  contain  such  particles ;  and,  secondly, 
that  filtration  through  cotton-wool  arrests  these  particles  and 
allows  only  physicaUy  pure  air  to  pass.  This  demonstration 
has  been  mmished  withm  the  last  year  by  the  remarkable  ex- 
periments of  Professor  TyndalL  It  has  bJeen  a  common  objec- 
tion of  Abiogenists  that,  if  the  doctrine  of  Biogeny  is  true, 
the  air  must  be  thick  with  germs ;  and  they  regwl  this  as  the 
height  of  absurdity.  But  Nature  occassionally  is  exceedingly 
unreasonable,  and  rrofessor  Tyndall  has  provea  that  this  partic- 
ular absurdity  may  nevertheless  be  a  reality.    He  has  demon- 
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strated  that  ordinary  air  is  no  better  than  a  sort  of  stir-about  of 
excessively  minute  solid  particles ;  that  these  particles  are  almost 
wholly  destructible  by  heat ;  and  that  they  are  strained  off,  and 
the  air  rendered  optically  pure  by  being  passed  through  cotton- 
wool 

But  it  remains  yet  in  the  order  of  logic,  though  not  of  his- 
tory, to  show  that  among  these  solid  destructible  particles  there 
really  do  exist  germs  capable  of  giving  rise  to  the  development 
of  living  forms  in  suitable  menstrua.  This  piece  of  work  was 
done  by  M.  Pasteur,  in  those  beautiful  researches  which  will 
ever  render  his  name  famous ;  and  which,  in  spite  of  all  attacks 
upon  them,  appear  to  me  now,  as  they  did  seven  years  ago,*  to 
be  models  of  accurate  experimentation  and  logical  reasoning. 
He  strained  air  through  cotton-wool,  and  foun^  as  Schroeder 
and  Dusch  had  done,  that  it  contained  nothing  competent  to 

S've  rise  to  the  development  of  life  in  fluids  highly  fitted  for 
at  purpose.  But  the  important  further  links  in  the  chain  of 
evidence  added  by  Pasteur  are  three.  In  the  first  place  he  sub- 
jected to  microscopic  examination  the  cotton-wool  which  had 
served  as  strainer,  and  found  that  sundry  bodies  clearly  I'ecog- 
nizable  as  germs,  were  among  the  solia  particles  stramed  om 
Secondly,  he  proved  that  these  germs  were  competent  to  give 
rise  to  living  forms  by  simply  sowing  them  in  a  solution  fitted 
for  their  development  And,  thirdly,  he  showed  that  the  in- 
capacity of  air  strained  through  cotton-wool  to  give  rise  to  life, 
was  not  due  to  any  occult  chwige  effected  in  constituents  of  the 
air  by  the  wool,  by  proving  that  the  cotton-wool  might  be  dis- 
pensed with  altogether,  ana  perfectly  free  access  left  between 
the  exterior  air  and  that  in  the  experimental  flask.  If  the  neck 
of  the  flask  is  drawn  out  into  a  tube  and  bent  downward ;  and 
if,  after  the  contained  fluid  has  been  carefully  boiled,  the  tube 
is  heated  sufficiently  to  destroy  any  germs  which  may  be  present 
in  the  air  which  enters  as  the  fluia  cools,  the  apparatus  may  be 
left  to  itself  for  any  time,  and  no  life  will  appear  in  the  fluid. 
The  reason  is  plain.  Although  there  is  firee  communication  be- 
tween the  atmosphere  laden  with  germs  and  the  germless  air  in 
the  flask,  contact  between  the  two  takes  place  only  in  the  tube ; 
and  as  the  germs  cannot  fall  upward,  and  there  are  no  currents, 
they  never  reach  the  interior  of  the  flask.  But  if  the  tube  be 
broken  short  off  where  it  proceeds  from  the  flask,  and  free  ac- 
cess be  thus  given  to  germs  falling  vertically  out  of  the  air,  the 
fluid  which  has  remained  clear  and  desert  for  months,  becomes, 
in  a  few  days  turbid  and  full  of  life. 

These  experiments  have  been  repeated  over  and  over  again 
by  indepenaent  observers  with  entire  success ;  and  there  is  one 

*  "  Lectures  to  Working  Men  on  the  Causes  of  the  Phenomena  of  Oiganio  Na- 
ture," 1863. 
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very  simple  mode  of  seeing  the  fects  for  oneself,  which  I  may 
as  well  describe. 

Prepare  a  solution  (much  used  by  M.  Pasteur,  and  often 
called  "  Pasteur's  solution  '^  composea  of  water  with  tartrate  of 
ammonia,  sugar,  and  yeast-ash  dissolved  therein.*  Divide  it 
into  three  portions  in  as  many  flasks ;  boil  all  three  for  a  quar- 
ter of  an  hour ;  and,  while  the  steam  is  passing  out,  stop  the 
neck  of  one  with  a  large  plug  of  cotton- wool,  so  that  this  also 
may  be  thoroughly  steamed  Now  set  the  flasks  aside  to  cool, 
and  when  their  contents  are  cold,  add  to  one  of  the  open  ones 
a  drop  of  filtered  inftision  of  hay  which  has  stood  for  twenty- 
four  hours,  and  is  consequently  ftdl  of  the  active  and  exces- 
sively minute  organisms  known  as  Bacteria,  In  a  couple  of 
days  of  ordinary  warm  weather  the  contents  of  this  flask  will 
be  milky  from  the  enormous  multiplication  of  Bacteria,  The 
other  flask,  open  and  exposed  to  the  air,  will,  sooner  or  later, 
become  milky  with  Bacteria,  and  patches  of  mould  may  appear 
in  it ;  while  the  liquid  in  the  flask,  the  neck  of  which  is  plugged 
with  cotton-wool,  will  remain  clear  for  an  indefinite  tmie.  I 
have  sought  in  vain  for  any  explanation  of  these  facts,  except 
the  obvious  one,  that  the  air  contains  germs  competent  to  give 
rise  to  Bacteria^  such  as  those  with  which  the  first  solution  has 
been  knowingly  and  purposely  inoculated,  and  to  the  mould- 
Fungi,  And  1  have  not  yet  been  able  to  meet  with  any  advo- 
cate of  Abiogenesis  who  seriously  maintains  that  the  atoms  of 
sugar,  tartrate  of  ammonia,  yeast-ash,  and  water,  under  no  influ- 
ence but  that  of  free  access  of  air  and  the  ordinary  tempera- 
ture, rearrange  themselves  and  give  rise  to  the  protoplasm  of 
Bacterium,  But  the  alternative  is  to  admit  that  these  Bacteria 
arise  from  germs  in  the  air ;  and  if  they  are  thus  propagated, 
the  burden  of  proof  that  other  like  forms  are  generated  in  a 
different  manner,  must  rest  with  the  assertor  of  that  proposition. 

To  sum  up  the  effect  of  this  long  chain  of  evidence : — 

It  is  demonstrable  that  a  fluid  eminently  fit  for  the  develop- 
ment of  the  lowest  forms  of  life,  but  wnich  contains  neither 
germs,  nor  any  protein  compound,  gives  rise  to  living  things  in 
great  abundance  if  it  is  exposed  to  ordinary  air,  whue  no  such 
development  takes  place  if  the  air  with  which  it  is  in  contact  is 
mechanically  freed  from  the  solid  particles  which  ordinarily 
float  in  it,  and  which  may  be  made  visible  by  appropriate  means. 

It  is  demonstrable  that  the  great  majority  of  these  particles 
are  destructible  by  heat,  and  that  some  of  them  are  germs  or 
living  particles,  capable  of  giving  rise  to  the  same  forms  of  life 
as  those  which  appear  when  the  fluid  is  exposed  to  unpurified 
air. 

*  Infiision  of  hay  treated  in  tlie  eame  way  jielda  similar  results;  but  as  it  con- 
tains organic  matter,  the  argument  which  follows  cannot  be  based  upon  it. 
Am.  Jouk.  Sci.— Sbcond  Sbribs,  Vol,  L,  No.  160.— Nov.,  1870. 
25 
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It  is  demonstrable  that  inoculation  of  the  experimental  fluid 
with  a  drop  of  liquid  known  to  contain  living  particles,  gives 
rise  to  the  same  phenomena  as  exposure  to  unpurified  air. 

And  it  is  farther  certain  that  these  living  particles  are  so  mi- 
nute that  the  assumption  of  their  suspension  in  ordinary  air, 
presents  not  the  slightest  difficidty.  On  the  contrary,  consider- 
ing their  lightness  and  the  wide  dilSusion  of  the  organisms 
which  produce  them,  it  is  impossible  to  conceive  that  they 
should  not  be  suspended  in  the  atmosphere  in  myriads. 

Thus  the  evidence,  direct  and  indirect,  in  favor  of  Biogenens 
for  all  known  forms  of  life  must,  I  think,  be  admitted  to  be  of 
great  weight 

On  the  other  side,  the  sole  assertions  worthy  of  attention  are 
that  hermetically  sealed  fluids,  which  have  been  exposed  to 
great  and  long-continued  heat,  have  sometimes  exhibited  living 
forms  of  low  organization,  when  they  have  been  opened.* 

The  first  reply  that  suggests  itself  is  the  probabihty  that  thare 
must  be  some  error  about  these  experiments,  because  they  are 
performed  on  an  enormous  scale  every  day  with  quite  contrary 
results.  Meat,  fruits,  v^etables,  the  very  materials  of  the  most 
fermentable  and  putresciole  infasions  are  preserved  to  the  ex- 
tent, I  suppose  I  may  say,  of  thousands  of  tons  every  year,  by 
a  method  which  is  a  mere  application  of  Spallanzani's  expen- 
ment  The  matters  to  be  preserved  are  well  boiled  in  a  tin  case 
provided  with  a  small  hole,  and  this  hole  is  soldered  up  when 
all  the  air  in  the  case  has  been  replaced  by  steam.  By  this 
method  they  may  be  kept  for  years  without  putrefying,  fer- 
menting, or  getting  mouldy.  TSow  this  is  not  because  oxygen 
is  excluded,  masmuch  as  it  is  now  proved  that  free  oxygen  is 
not  necessary  for  either  fermentation  or  putrefaction.  It  is  not 
because  the  tins  are  exhausted  of  air,  for  Vtbriones  and  Bacteria 
live,  as  Pasteur  has  shown,  without  air  or  free  oxygen.  It  is 
not  because  the  boiled  meats  or  vegetables  are  not  putrescible 
or  fermentable,  as  those  who  have  had  the  misfortune  to  be  in 
a  ship  supplied  with  unskillfally  closed  tins  well  know.  What 
is  it,  therefore,  but  the  exclusion  of  germs  ?  I  think  that  Abio- 
genists  are  bound  to  answer  this  question  before  they  ask  us  to 
consider  new  experiments  of  precisely  the  same  order. 

And  in  the  next  place,  if  the  results  of  the  experim«[it8  I 
rder  to  are  really  trust- worthy,  it  by  no  means  follows  that 
Abiogenesis  has  taken  place.  The  resistance  of  living  matter 
to  heat  is  known  to  vary  within  considerable  limits,  and  to  de- 
pend, to  some  extent,  upon  the  chemical  and  physical  qualities 
of  the  surrounding  mecuum.     But  iJ^  in  the  present  state  of 

*  For  a  full  account  of  the  most  recent  series  of  experiments  of  this  descrip- 
tion, see  Dr.  H.  0.  Bastian's  paper  in  Natuse,  No.  zxzy,  p.  170;  Na  jlmxvI  p. 
193;  and  Na  zxzyii,  p.  219. 
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science,  the  alternative  is  oflFered  us,  either  germs  can  stand  a 
greater  heat  than  has  been  sufjposed,  or  the  molecules  of  dead 
matter,  for  no  valid  or  intelligiDle  reason  that  is  assigned,  are 
able  to  rearrange  themselves  into  living  bodies,  exactly  such  as 
can  be  demonstrated  to  be  frequently  produced  in  another  way, 
I  cannot  understand  how  choice  can  be,  even  for  a  moment, 
doubtful. 

But  though  I  cannot  express  this  conviction  of  mine  too 
stronglj,  I  must  carefiilly  guard  myself  against  the  supposition 
that  I  mtend  to  suggest  that  no  such  thinff  as  Abiogenesis  ever 
has  taken  place  in  the  past  or  ever  will  take  place  in  the  future. 
With  organic  chemistry,  molecular  physics,  and  physiologv  yet 
in  their  mfancv,  and  every  day  making  prodigious  strides,  I 
think  it  would  be  the  height  of  presumption  for  any  man  to  say 
that  the  conditions  under  which  matter  assumes  the  properties 
we  call  "  vital "  may  not,  some  day,  be  artificially  brought  to- 
gether. All  I  feel  justified  in  affirming  is  that  I  see  no  reason 
for  believing  that  the  feat  has  been  perfermed  yet 

And  looking  back  through  the  prodigious  vista  of  the  past,  I 
find  no  record  of  the  commencement  of  life,  and  therefore  I  am 
devoid  of  any  means  of  forming  a  definite  conclusion  as  to  the 
conditions  of  its  appearanca  Belief,  in  the  scientific  sense  of 
the  word,  is  a  serious  matter,  and  needs  strong  foundations.  To 
say,  therefore,  in  the  admitted  absence  of  evidence,  that  I  have 
any  belief  as  to  the  mode  in  which  the  existing  forms  of  life 
have  ori^nated,  would  be  using  words  in  a  wrong  sense.  But 
expectation  is  permissible  where  belief  is  not ;  and  if  it  were 
given  me  to  look  beyond  the  abyss  of  geologically  recorded 
time  to  the  still  more  remote  period  when  the  earth  was  passing 
through  physical  and  chemical  conditions,  which  it  can  no  more 
see  again  than  a  man  can  recall  his  infancy,  I  should  expect  to 
be  a  witness  of  the  evolution  of  living  protoplasm  from  not  liv- 
ing matter.  I  should  expect  to  see  it  appear  under  forms  of 
great  simplicity,  endowed,  like  existing  fungi,  with  the  power 
of  determining  the  formation  of  new  protoplasm,  from  such  mat- 
ters as  ammonium  carbonates,  oxalates  and  tartrates,  alkaline 
and  earthy  phosphates,  and  water,  without  the  aid  of  light 
That  is  the  expectation  to  which  analogical  reasoning  leads  me ; 
but  I  b^  you  once  more  to  recollect  that  I  have  no  right  to  call 
my  opinion  anything  but  an  act  of  philosophical  faith. 

So  much  for  the  history  of  the  progress  of  Redi*s  ^eat  doc- 
trine of  Biogenesis,  whicn  appears  to  me,  with  the  limitations  I 
have  expressed,  to  be  victonous  along  the  whole  line  at  the 
present  day. 

As  regards  the  second  problem  offered  to  us  by  Redi,  whether 
Xenogenesis  obtains,  side  by  side  with  Homogenesis ;  whether, 
that  is,  there  exist  not  only  the  ordinary  living  things,  giving 
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rise  to  offspring  which  run  through  the  same  cycle  as  tiiem- 
selves,  but  also  others,  producing  offspring  which  are  of  a  total- 
ly different  character  from  themselves,  the  researches  of  two 
centuries  have  led  to  a  different  result  That  the  grubs  found 
in  galls  are  no  product  of  the  plants  on  which  the  galls  grow, 
but  are  the  result  of  the  introduction  of  t^ie  eggs  of  insects  into 
the  substance  of  these  plants,  was  made  out  by  Yallisnieri, 
Reaumur,  and  others,  before  the  end  of  the  first  half  of  the 
eighteenth  century.  The  tapeworms,  bladderworms,  and  flukes 
continued  to  be  a  stronghold  of  the  advocates  of  Xenogenesis 
for  a  much  longer  peri^  Indeed,  it  is  onhr  within  the  last 
thirty  years  that  the  splendid  patience  of  V  on  Siebold,  Van 
Beneden,  Leuckart,  Kiichenmeister,  and  Qther  hebninthologista, 
h|is  succeeded  in  tracing  every  such  parasite,  ofii^i  through  the 
strangest  wanderings  and  metamorpnoses,  to  an  egg  derived 
fix>m  a  parent,  actually  or  potentially  like  itself;  and  the  ten- 
dency of  inquiries  elsewhere  has  all  been  in  the  same  direction. 
A  plant  may  throw  off  bulbs,  but  these,  sooner  or  later,  give 
•  rise  to  seeds  or  spores,  which  develop  into  the  original  form. 
A  polyp  may  ffive  rise  to  Medusae,  or  a  pluteus  to  an  Echino- 
derm,  but  the  Medusa  and  the  Echinoderm  give  rise  to  eggs 
which  produce  polyps  or  plutei,  and  they  are  therefore  only 
stages  m  the  cycle  of  life  of  the  species. 

But  if  we  turn  to  pathology,  it  offers  us  some  remarkable 
approximations  to  true  Xenogenesis. 

As  I  have  already  mentioned,  it  has  been  known  since  the 
time  of  Vallisnieri  and  of  Eeaumur,  that  ^Is  in  plants,  and 
tumors  in  cattle,  are  caused  by  insects,  which  lay  their  ^es  in 
those  parts  of  the  animal  or  vegetable  firame  of  which  ifliese 
morbid  structures  are  outgrowths.  Agwn,  it  is  a  matter  of 
familiar  eacperience  to  everybody  that  mere  pressure  on  the  skin 
will  give  rise  to  a  com.  Now  the  gall,  the  tumor,  and  the  com 
are  parts  of  the  living  body,  which  have  become,  to  a  certain 
degree,  independent  and  distinct  organisms.  Under  the  influ- 
ence of  certain  external  conditions,  elements  of  the  body,  which 
should  have  developed  in  due  subordination  to  its  general  plan, 
set  up  for  themselves  and  apply  the  nourishment  which  they 
receive  to  their  own  purposes. 

From  such  innocent  productions  as  corns  and  waits,  there  are 
all  gradations  to  the  serious  tumors  which,  by  their  mere  size 
and  the  mechanical  obstmction  they  cause,  destroy  the  organ- 
ism out  of  which  they  are  developed ;  while,  finafiy,  in  those 
terrible  structures  knovm  as  cancers,  the  abnormal  growth  has 
acquired  powers  of  reproduction  and  multiplication,  and  is  only 
morpholo^cally  distinguishable  firom  the  parasite  worm,  the  lire 
of  which  IS  neither  more  nor  less  closely  bound  up  with  that  of 
the  infested  organism. 
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If  there  were  a  kind  of  diseased  structure,  the  histological 
elements  of  which  were  capable  of  maintaining  a  separate  and 
independent  existence  out  of  the  body,  it  seems  to  me  that  the 
shadowy  boundary  between  morbid  growth  and  Xenogenesis 
would  be  effaced.     And  I  am  inclined  to  think  that  the  pro- 

f'ess  of  discovery  has  almost  brought  us  to  this  point  already, 
have  been  favored  by  Mr.  Simon  with  an  early  copy  of  the 
last  published  of  the  valuable  "  Reports  on  the  Public  Health," 
which,  in  his  capaci^  of  their  meoical  officer,  he  annually  pre- 
sents to  the  Lords  oi  the  Privy  Council.  The  appendix  to  this 
report  contains  an  introductory  essay  "On  the  Intimate  Pathol- 
ogy of  Contagion,"  by  Dr.  Burdon  Sanderson,  which  is  one  of 
the  clearest,  most  comprehensive,  and  well-reasoned  discussions 
of  a  great'Question  which  has  come  under  my  notice  for  a  long 
tima  I  refer  you  to  it  for  details  and  for  the  authorities  for 
the  statements  I  am  about  to  make. 

You  are  familiar  with  what  happens  in  vaccination.  A  mi- 
nute cut  is  made  in  the  skin,  and  an  infinitesimal  quantity  of 
vaccine  matter  is  inserted  into  the  wound.  Withm  a  certain 
time  a  vesicle  appears  in  the  place  of  the  wound,  and  the  fluid 
which  distends  this  vesicle  is  vaccine  matter,  in  quantity  a  hun- 
dred or  a  thousandfold  that  which  was  originally  mserted. 
Now  what  has  taken  place  in  the  course  of  this  operation? 
Has  the  vaccine  matter,  by  its  irritative  property,  produced  a 
mere  blister,  the  fluid  of  which  has  the  same  imtative  proper- 
ty ?  Or  does  the  vaccine  matter  contain  living  particles,  which 
have  grown  and  multiplied  where  they  have  been  planted? 
The  observations  of  M.  Chauveau,  extended  and  confirmed  bj 
Dr.  Sanderson  himself,  appear  to  leave  no  doubt  upon  this 
head.  Experiments,  similar  in  principle  to  those  of  Helmholtz 
on  fermentation  and  putrefaction,  have  proved  that  the  active 
element  in  the  vaccine  lymph  is  non-diffusible,  and  consists  of 
minute  particles  not  exceeding  ^^ijis  of  an  inch  in  diameter, 
which  are  made  visible  in  the  lymph  by  the  microscope.  Sim- 
ilar experiments  have  proved  tnat  two  of  the  most  destructive 
of  epizootic  diseases,  sheep-pox  and  glanders,  are  also  depend- 
ent for  their  existence  and  their  propagation  upon  extremely 
small  living  solid  particles,  to  which  the  title  of  microzymes  is 
applied.  An  animal  suffering  under  either  of  these  terrible 
diseases  is  a  source  of  infection  and  contagion  to  others,  for 

Erecisely  the  same  reason  as  a  tub  of  fermenting  beer  is  capa- 
le  of  propagating  its  fermentation  by  "  infection,"  or  "  conta- 
gion,'^ to  fresh  wort  In  both  cases  it  is  the  solid  living  parti- 
cles which  are  efficient ;  the  liquid  in  which  they  float,  and  at 
the  expense  of  which  they  live,  being  altogether  passive. 

Now  arises  the  question,  are  these  microzymes  the  results  of 
Horrwgenesis,  or  of  Xenogenesis ;  are  they  capable,  like  the  To- 
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ntke  of  yeast,  of  arising  only  by  the  development  of  preexist- 
ing germs ;  or  may  they  be,  like  the  constituents  of  a  nutgall, 
the  results  of  a  modification  and  individualization  of  the  tissues 
of  the  body  in  which  they  are  found,  resulting  from  the  opera- 
tion of  certain  conditions  r  Are  thejr  parasites  in  the  zomogi- 
cal  sense,  or  are  they  merely  what  Virchow  has  called  "  hetero- 
logous growth?"  ft  is  obvious  that  this  q^uestion  has  the  most 
profound  importance,  whether  we  look  at  it  from  a  practical  or 
irom  a  theoretical  point  of  view.  A  parasite  may  be  stamped 
out  bv  destroying  its  germs,  but  a  pathological  product  can 
only  be  annihilated  by  removing  the  conditions  which  give  rise 
to  it 

It  appears  to  me  that  this  great  problem  will  have  to  be  solved 
for  each  zymotic  disease  separately,  for  analog  cuts  two  ways. 
I  have  dwelt  upon  the  analogy  of  pathologi<^  modification, 
which  is  in  favor  of  the  xenogenetic  origin  oi  microzymes ;  but 
I  must  now  speak  of  the  equally  strong  analogies  m  favor  of 
the  origin  of  such  pestiferous  particles  by  the  ordinary  process 
of  the  generation  of  like  from  lika 

It  is,  at  present,  a  well-established  &ct  that  certain  diseases^ 
both  of  plants  and  of  animals,  which  have  all  the  characters  of 
contagious  and  infectious  epidemics,  are  caused  by  minute  or- 
ganisma  The  smut  of  wheat  is  a  well-known  instance  of  such 
a  disease,  and  it  cannot  be  doubted  that  the  grape-disease  and 
the  potato-disease  fall  under  the  same  categoiy.  Among  ani- 
mals, insects  are  wonderfully  liable  to  the  ravages  of  contagious 
and  infectious  diseases  caus^  by  microscopic  Fungi 

In  autumn,  it  is  not  uncommon  to  see  flies,  motionless  upon  a 
window-jpane,  with  a  sort  of  inagic  circle,  in  white,  drawn  round 
theuL  On  microscopic  examination^  the  magic  circle  is  found 
to  consist  of  innumerable  spores,  which  have  been  thrown  off  in 
all  directions  by  a  minute  fundus  called  Mnpusa  mtiscce,  tie 
spore-forming  filaments  of  which  stand  out  like  a  pile  of  velvet 
from  the  body  of  the  fly.  These  spore-forming  nlaments  are 
connected  with  others  which  fill  the  interior  of  the  fly*s  body 
like  so  much  fine  wool,  having  eaten  away  and  destroyed  the 
creature's  viscera.  This  is  tne  full-grown  condition  of  the 
Empusa.  If  traced  back  to  its  earlier  stages,  in  flies  which  are 
still  active,  and  to  all  appearance  healthy,  it  is  found  to  exist  in 
the  form  of  minute  corpuscles  which  float  in  the  blood  of  the 
fly.  These  multiply  and  lengthen  into  filaments,  at  the  expense 
of  the  fly^s  substance ;  and  when  they  have  at  last  killea  the 
patient,  they  grow  out  of  its  body  and  give  off  spores.  Healthy 
flies  shut  up  with  diseased  ones  catch  this  mortal  disease  and 
perish  like  the  others.  A  most  competent  observer,  M.  Cohn, 
who  studied  the  development  of  the  Empusa  in  the  fly  very 
carefully,  was  utterly  unable  to  discover  in  what  manner  the 
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smallest  germs  of  the  Empwsa  got  into  the  fly.  The  spores 
could  not  be  made  to  give  rise  to  such  germs  by  cultivation ; 
nor  were  such  germs  discoverable  in  the  air,  or  in  the  food  of 
the  fly.  It  lo(3ced  exceedingly  like  a  case  of  Abiogenesis,  or, 
at  any  rate,  of  Xenogenesis ;  and  it  is  only  quite  recently  that 
the  real  course  of  events  has  been  maae  out  It  has  been 
ascertained,  that  when  one  of  the  spores  fells  upon  the  body  of 
a  fly,  it  b^ins  to  germinate  and  sends  out  a  process  which  bores 
its  way  through  the  fly's  skin  ;  this,  having  reached  the  interior 
cavities  of  its  body,  gives  off  the  minute  floating  corpuscles 
which  are  the  earliest  stage  of  the  Emptiscu  The  disease  is 
"contaffious,"  because  a  healthy  fly  coming  in  contact  with  a 
diseased  one,  from  which  the  spore-bearing  filaments  protrude, 
is  pretty  sure  to  carry  off  a  spore  or  two.  It  is  "infectious" 
because  the  spores  become  scattered  about  all  sorts  of  matter  in 
the  neighborhood  of  the  slain  flies. 

The  silkworm  has  long  been  known  to  be  subject  to  a  very 
fetal  and  infectious  disease  called  the  Muscardine,  Audouin 
transmitted  it  by  inoculation.  This  disease  is  entirely  due  to 
the  development  of  a  fiingus,  Botrytis  Bassiana^  in  the  body  of 
the  caterpiller;  and  its  contagiousness  and  infectiousness  are 
accoimtea  for  in  the  same  way  as  those  of  the  fly-disease.  But 
of  late  years  a  still  more  serious  epizootic  has  appeared  among 
the  silkworms ;  and  I  may  mention  a  few  fects  which  mil  give 
you  some  conception  of  tne  gravity  of  the  injury  which  it  has 
mflicted  on  Prance  alona 

The  production  of  silk  has  been  for  centuries  an  important 
branch  of  industry  in  Southern  France,  and  in  the  year  1858  it 
had  attained  such  a  magnitude  that  the  annual  produce  of  the 
French  sericulture  was  estimated  to  amount  to  a  tenth  of  that 
of  the  whole  world,  and  represented  a  money- value  of  117,000,000 
of  francs,  or  nearly  five  million  sterling.  What  may  be  the  sum 
which  would  represent  the  money -value  of  all  the  industries 
connected  with  tne  working  up  of  the  raw  silk  thus  produced 
is  more  than  I  can  pretend  to  estimate.  Suffice  it  to  say  that 
the  city  of  Lyons  is  built  upon  French  silk  as  much  as  Man- 
chester was  upon  American  cotton  before  the  civil  war. 

Silkworms  are  liable  to  many  diseases ;  and  even  before  1858 
a  peculiar  epizootic,  frequently  accompanied  by  the  appearance 
of  dark  spots  upon  the  skin  (whence  the  name  of  "Purine" 
which  it  has  recdved),  had  been  noted  for  its  mortality.  But 
in  the  years  following  1858  this  malady  broke  out  with  such 
extreme  violence,  that,  in  1858,  the  silk-crop  was  reduced  to  a 
third  of  the  amount  which  it  had  reached  in  1858 ;  and,  up  till 
within  the  last  year  or  two,  it  has  never  attained  half  the  yield 
of  1858.  This  means  not  only  that  the  great  number  of  people 
engaged  in  silk  growing  are  some  thirty  millions  sterling  poorer 
than  they  might  have  been ;  it  means  not  only  that  hign  prices 
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have  had  to  be  paid  for  importing  silkworm  eggs,  and  that,  after 
investing  his  money  in  them,  in  paying  for  mulberry-leaves  and 
for  attendance,  the  cultivator  has  constantly  seen  his  silkworms 
perish  and  himself  plunged  in  ruin ;  but  it  means  that  the  looms 
of  Lyons  have  lacked  employment,  and  that  for  yesas  enforced 
idleness  and  miserv  have  oeen  the  portion  of  a  vast  population 
which,  in  former  aays,  was  industnous  and  well  to  do. 

In  1868  the  gravity  of  the  situation  caused  the  French  Acad- 
emy of  Sciences  to  appoint  Commissioners,  of  whom  a  distin- 
guished naturalist,  M.  de  Quatrefeges,  was  one  to  inquire  into 
Uie  nature  of  this  disease,  and,  if  possible,  to  devise  some  means 
of  staying  the  plagua  In  reading  the  report*  made  by  M.  de 
Quatrefiages  in  1869,  it  is  exceedingly  interesting  to  observe  that 
Ins  elaborate  study  of  the  Purine  forced  the  conviction  upon 
his  mind  that,  in  its  mode  of  occurrence  and  propa^tion,  the 
disease  of  the  silkworm  is,  in  every  respect,  comparaole  to  the 
cholera  among  mankind  But  it  dififers  from  the  cholera,  and 
so  far  is  a  more  formidable  disease,  in  being  hereditary,  and  in 
being  imder  some  circumstances,  contagious  as  well  as  in- 
fectious. 

The  Italian  naturalist,  Filippi,  discovered  in  the  blood  of  the 
silkworms  aflfected  by  the  strange  disease  a  multitude  of  cvlin- 
drical  corpuscles,  each  about  ^  Vj^^  of  an  inch  long.  These  have 
been  carerully  studied  by  Lebert,  and  named  by  him  PomsisUh 
phyton  ;  for  the  reason  that  in  subjects  in  which  the  disease  is 
strongly  developed,  the  corpuscles  swarm  in  every  tissue  and 
organ  of  the  bcniy,  and  even  pass  into  the  undeveloped  ^gs  of 
the  female  moth.  But  are  these  corpuscles  causes,  or  mere  con- 
comitants, of  the  disease?  Some  naturalists  took  one  view  and 
some  another ;  and  it  was  not  imtil  the  French  Government, 
alarmed  by  the  continued  ravages  of  the  malady,  and  the  in- 
efficiency of  the  remedies  which  had  been  suggested,  dispatched 
M.  Pasteur  to  study  it,  that  the  question  received  its  final  settle- 
ment ;  at  a  great  sacrifice,  not  only  of  the  time  and  peace  of 
mind  of  that  eminent  philosopher,  but,  I  regret  to  have  to  add, 
of  his  healtLf 

But  the  sacrifice  has  not  been  in  vain.  It  is  now  certain  that 
this  devastating,  cholera-like  Purine  is  the  effect  of  the  growth 
and  mutiplication  of  the  Panhistophyion  in  the  silkworm.  It  is 
contagious  and  infections  because  the  corpuscles  of  the  Panhisto- 
phyton  pass  away  fi'om  the  bodies  of  the  diseased  caterpillars, 
directly  or  indirectly,  to  the  alimentary  canal  of  healthv  silk- 
worms in  their  neignborhood ;  it  is  hereditary,  because  the  cor- 
puscles enter  into  the  eggs  while  they  are  oeing  formed,  and 
consequently  are  carried  within  them  when  they  are  laid ;  and 

*  Ettides  Rur  len  Maladies  ActueUes  des  Ters  i  Sole,  p.  53. 
f  In  Nature  Na  xxxvi,  p.  181,  will  be  found  a  HmtnU^  by  Prof.  TyndaU,  of 
Pasteur's  investigations  of  the  silkworm  disease. 
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for  this  reason,  also,  it  presents  the  very  singular  peculiarity 
of  being  inherited  only  on  the  mother's  sida  There  is  not  a 
single  one  of  all  the  apparently  capricious  and  unaccountable 
phenomena  presented  by  the  Pdbrine,  but  has  received  its  ex- 
planation from  the  fact  that  the  disease  is  the  result  of  the  pres- 
ence of  the  microscopic  organism,  Panhistophyton. 

Such  being  the  facts  with  respect  to  the  Purine,  what  are 
the  indications  as  to  the  methoa  of  preventing  it?  It  is  ob- 
vious that  this  depends  upon  the  way  in  which  the  Panhisto- 
phyton is  generat€«.  K  it  may  be  generated  by  Abiogenesis, 
or  by  Xenogenesis,  within  the  silkworm  or  its  moth,  the  extir- 
pation of  the  disease  must  depend  upon  the  prevention  of  the 
occurrence  of  the  conditions  under  which  this  generation  takes 
place.  But  i^  on  the  other  hand,  the  Panhistophyton  is  an 
mdependent  organism,  which  is  no  more  generated  oy  the  silk- 
worm than  the  mistletoe  is  generated  by  the  oak  or  the  apple- 
tree  on  which  it  grows,  though  it  may  need  the  silkworm  writs 
development  in  the  same  wav  as  the  mistletoe  needs  the  tree, 
then  the  indications  are  totally  different  The  sole  thing  to  be 
done  is  to  get  rid  of  and  keep  away  the  germs  of  the  Panhisto- 
phyton. As  might  be  imagined,  fix)m  the  course  of  his  previous 
investigations,  M.  Pasteur  was  led  to  believe  that  the  latter  was 
the  right  theory;  and,  ^ided  by  that  theory,  he  has  devised  a 
method  of  extirpating  the  disease,  which  has  proved  to  be  com- 
pletely successful  wherever  it  has  been  properly  carried  out 

There  can  be  no  reason,  then,  for  doubting  that,  among  in- 
sects, contagjious  and  infectious  diseases,  of  great  malignity,  are 
caused  by  minute  organisms  which  are  produced  fk>m  preexisting 
germs,  or  by  homogenesis ;  and  there  is  no  reason,  that  I  know 
of,  for  believing  that  what  happens  in  insects  may  not  take 
place  in  the  highest  animals.  Indeed,  there  is  already  strong 
evidence  that  some  diseases  of  an  extremely  malignant  and  fatal 
character  to  which  man  is  subject,  are  as  much  the  work  of  mi- 
nute organisms  as  is  the  Purine.  I  refer  for  evidence  of  this  to 
the  very  striking  facts  adduced  by  Professor  Lister  in  his  various 
well-known  publications  on  the  antiseptic  method  of  treatment 
It  seems  to  me  impossible  to  rise  ftx)m  the  perusal  of  those  pub- 
lications without  a  strong  conviction  that  the  lamentable  mor- 
tality which  so  frequently  dogs  the  footsteps  of  the  most  skillful 
operator,  and  those  deadly  conseauences  of  wounds  and  injuries 
which  seem  to  haunt  the  very  walls  of  great  hospitals,  and  are, 
even  now,  destroying  more  men  than  die  of  bullet  or  bayonet, 
are  due  to  the  importation  of  minute  organisms  into  wounds, 
and  their  increase  and  multiplication ;  and  that  the  surgeon 
who  saves  most  lives  will  be  ne  who  best  works  out  the  practi- 
cal consequences  of  the  hypothesis  of  Redi. 

I  commenced  this  Addi^Ms  by  asking  you  to  follow  me  in  an 
attempt  to  trace  the  path  which  has  been  followed  by  a  scientific 
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idea,  in  its  long  and  slow  progress  from  the  position  of  a  probable 
hypothesis  to  that  of  an  established  law  of  nature.  Our  survey 
has  not  taken  us  into  very  attractive  r^ons ;  it  has  lain,  chiefly, 
in  a  land  flowing  with  the  abominable,  and  peopled  with  mere 
grubs  and  mouloiness.  And  it  may  be  imagined  with  what  smiles 
and  shrugs,  practical  and  serious  contempcouries  of  Bedi  and  of 
Spallanzani  may  have  commented  on  the  waste  of  their  high  abU- 
ities  in  toiling  at  the  solution  of  problems  which,  though  curious 
enough  in  themselves,  could  be  of  no  conceivable  utility  to  man- 
kind. Nevertheless  you  will  have  observed  that  before  we  had 
traveled  very  far  upon  our  road  there  appeared,  on  the  ri^it 
hand  and  on  the  len^  fields  laden  with  a  luurest  of  golden  grain, 
inmiediately  convertible  into  those  things  which  the  most  sordidly 
practical  of  men  will  admit  to  have  value,  viz :  money  and  lifa 

The  direct  loss  to  France  caused  by  the  Purine  in  seventeen 
years  cannot  be  estimated  at  less  than  fifty  millions  steriing ;  and 
if  we  add  to  this  what  Redi's  idea,  in  Pasteur's  hands,  has  done 
for  the  wine-grower  and  for  the  vinegar-maker,  and  try  to  capi- 
talise its  value,  we  shall  find  that  it  will  go  a  long  way  towards 
repairing  the  money  losses  caused  by  the  frightful  and  calami- 
tous war  of  this  autumn.  And  as  to  the  equivalent  of  Bedi's 
thought  in  life,  how  can  we  over-estimate  the  value  of  tiiat  knowl- 
edge of  the  nature  of  epidemic  and  epizootic  diseases,  and  con- 
sequently of  the  means  of  checking,  or  eradicating,  them,  the 
dawn  of  which  has  assuredly  commenced  ? 

Looking  back  no  frirther  than  ten  years,  it  is  possible  to  select 
three  (1863,  1864,  and  1869)  in  which  the  total  number  of 
deaths  from  scarlet-fever  alone  amounted  to  ninety  thousand. 
That  is  the  return  of  killed,  the  maimed  and  disable  being  1^ 
out  of  sight  Why,  it  is  to  be  hoped  that  the  list  of  killed  in 
the  present  bloodiest  of  all  wars  will  not  amount  to  more  than 
this  I  But  the  facts  which  I  have  placed  before  you  must  leave 
the  least  sanguine  without  a  doubt  that  the  nature  and  the  causes 
of  this  scourge  will,  one  day,  be  as  well  understood  as  those  of 
the  Pdbrine  are  now ;  and  that  the  long-suflfered  massacre  of  our 
innocents  will  come  to  an  end. 

And  thus  mankind  will  have  one  more  admonition  that  "  the 
people  perish  for  lack  of  knowledge ;"  and  that  the  alleviation 
of  the  miseries,  and  the  promotion  of  the  welfare,  of  men  must 
be  sought,  by  those  who  will  not  lose  their  pains,  in  that  dili- 

fent,  patient,  loving  study  of  all  the  multitudinous  aspects  of 
Tature,  the  results  of  which  constitute  exact  knowledge,  ot 
Scienca  It  is  the  justification  and  the  glory  of  this  great 
meeting  that  it  is  gathered  together  for  no  other  object  thaii  the 
advancement  of  the  moiety  of  science  which  deals  with  those 
phenomena  of  nature  which  we  call  physical  May  its  endeav- 
ors be  crowned  with  a  fall  measure  of  success. 
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Art.  XIAY.  —  The  HaU'Storm  of  June  20th,  1870;   by  Rev. 
Horace  C.  Hovey,  M.A. 

This  remarkable  storm  swept  along  a  path  about  thirty  miles 
wide,  and  extending  from  Troy,  N.  i.,  to  Bangor,  Me.,  though 
it  was  not  everywhere  accompanied  bv  hail 

My  point  of  observation  was  in  Northampton,  Mass.,  which 
was  in  the  central  line  of  the  storm. 

At  sunrise  the  atmosphere  was  obscured  by  fog,  which  was 
partially  dispersed  at  a  later  hour.  The  day  was  sultry.  At 
noon  the  thermometer  indicated  88°  in  the  shade.  At  3  P.  M. 
a  vast  mass  of  dark-green  cloud  rolled  up  from  the  N.  W., 
while  lateral  currents  seemed  to  set  in,  forcing  the  clouds  at 
first  into  confusion,  but  aiterwards  into  a  well-defined  vortex, 
or  spout  The  electrical  detonations  were  frequent  and  sharp. 
No  rain  preceded  the  hail,  though  it  fell  copiousl  v  after  a  few 
minutes.  The  first  hail-stones  were  about  one  inch  in  diameter, 
and  seemed  to  fall  fix)m  a  greater  height,  and  with  more  force, 
than  those  that  fell  subsequently.  The  latter  were  probably 
nearer  the  center  of  the  vortex,  and  so  had  their  downwam 
motion  restrained  by  that  which  was  lateral  The  first  that  fell 
were,  most  of  them,  on  striking  the  ground,  instantiy  buried 
out  of  sight  If  they  struck  on  a  rocky  surface  they  were 
dashed  in  pieces,  or  else  rebounded  to  a  considerable  height  in 
in  the  air.  Had  their  larger  successors  been  driven  by  a  cor- 
responding force,  nothing  could  have  survived  their  assault 
The  smaller  hail-stones  were  generally  flattened  spheres,  though 
sometimes  in  rude  stellar  forms,  (fig.  1).  But  the  largest  ones 
were  symmetrical  ovoids ;  each  being  surmounted,  however,  by 
a  roughened  crown,  (fig.  2).     The  dimensions  and  weight  of 

1.  2.    H"X2i"-  3.    2"diam. 


three  specimens  are  given,  with  such  accuracy  as  could  be 
secured^  by  the  means  at  hand.  These  are  but  samples  of 
thousands  that  fell  till  tiie  earth  was  covered  with  ice.  The 
first  was,  in  long  diameter,  3f  inches ;  short  diameter,  2^  inches ; 
weight  7  ounces.  The  second  was  3i  inches  by  2i ;  weight 
8  ounces.     The  third  was  4  inches  by  2|;  weight  10  ounces. 
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404       C,  A.  Young — Photograph  of  a  Solar  Prominence. 

This  monster,  a  foot  in  circumference,  did  not  entirely  melt 
away  for  six  hours  after  it  fell  I  The  ice  in  all  the  hail-stones 
was  peculiarly  hard  and  compact  Interesting  structural  pecu- 
liarities were  noted.  Hail-stones  of  stellar  form  were  always 
transparent  and  homogeneous.  The  spheroids  were  covered 
with  an  opaque  coating,  and  had  likewise  an  opaque  center. 
On  being  bisected  some  of  them  showed  a  radiated  structure, 
the  alternate  rays  being  white  and  clear,  (fig.  3).  The  largest 
hail-stones  had  an  axis  of  white  ice,  half  an  inch  in  diameter, 
around  which  the  alternate  layers  were  arranged  in  spiral  con- 

6.     3"  diam. 
4.     3i"  X  2i". 


volutions,  (fiff.  4).  The  most  common  form  was  in  concentric 
layers,  like  the  coats  of  an  onion,  still  aJtemating  opaque  and 
transparent ;  but  the  edges  were  finely  serrated,  like  the  stripes 
in  some  species  of  agate,  (fig.  5).  In  one  hailstone  I  counted 
thirteen  of  these  layers,  indicating  that  it  had  passed  through 
as  many  strata  of  snowy  and  vaporous  cloud. 

After  a  lull  in  the  storm,  for  half  an  hour,  there  was  a  second 
fall  of  hail,  but  much  lighter  than  the  first 

The  damage  done  by  such  a  war  of  the  elements  cannot 
easily  be  ascertained.  V  egetation  suffered  greatly.  In  some 
cases  men  and  animals  were  wounded  The  icy  missies  not 
only  broke  thousands  of  pains  of  glass,  but  also  in  many  in- 
stances the  window-blinds  and  sasL  In  a  few  cases  weather- 
worn house-roofe  were  pierced. 

Peoria,  UL,  July  26,  1870. 


Abt.  XLV. — Photograph  of  a  Solar  Prominence;  by  Prof  C.  A. 
Young,  of  Dartmouth  College. 

The  following  is  fixjm  a  letter  to  the  editors  dated  Sept  28th, 
1870  :— 

I  have  just  succeeded,  with  the  help  of  our  skillfiil  artist  Mr. 
H.  O.  Bly,  in  obtaining  a  photograph  of  one  of  the  solar  prom- 
inences, a  copy  of  which  I  enclose.     It  was  taken  through  the 
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hydrogen  line,  near  G,  by  opening  the  slit  of  the  spectroscope 
and  attaching  a  small  camera  to  its  eye-piece.  As  a  picture  of 
course  it  amounts  to  very  littla  It  required  an  exposure  of 
three  minutes  and  a  half^  and  the  polar  axis  of  the  telescope 
being  imperfectly  adjusted,  the  clock-work  fiadled  to  follow  per- 
fectly, so  that  no  detoil  is  visible,  and  the  picture  will  not  bear 
mucn  ma^ifyinff.  I  am  convinced,  however,  that  by  using  a 
more  sensitive  cdlodion,  and  taking  proper  pains  with  the  ad- 
justment of  the  instrument,  satisfactory  photographs  of  these 
curious  objects  may  be  obtained 

I  may  add  that  the  spectroscope  employed  has  the  dispersive 
power  of  13  prisms  of  mnt,  each  with  an  angle  of  55°. 

With  it  I  observed  this  afternoon  in  the  spectrum  of  a  spot, 
the  reversal  of  the  following  lines,  viz :  C,  Di,  Dg,  Dj,  1474  K, 
(very  faint),  6i,  6^  6„  64,  F,  2796  K,  (Hy),  and  h  (H^).  b^  was 
most  conspicuous  after  Cj,  D3,  and  R 


Abt.  XTjVL — Qmtnbuticns  to  Zoology  from  the  Museum  of  Tale 
College.  No.  8. — Descriptions  of  some  New  England  Nudibran- 
chiata  ;  by  A.  K  Verrill. 

During  a  dredging  expedition  to  Eastport,  Ma,  and  Grand 
Menan,  the  past  season,  in  company  with  Mr.  Oscar  Harger  and 
C.  H.  Dwinelle,  students  in  the  Sneffield  Scientific  School,  the 
following  very  interesting  species  was  obtained.  Many  other 
Nudibranchs  were  also  observed,  most  of  which  are  well  known 
speciea 

Dendronotus  robustus,  sp.  nov.   Figure  1. 

Body  stout,  about  2  inches  long;  -5  broad,  and  about  the 
same  m  height,  somewhat  (juadrangular,  tapering  posteriorly, 
but  much  less  acute  than  m  D.  aroorescevs^  as  well  as  much 
stouter  throughout  Branchiae  in  about  six  pairs,  those  of  the 
three  first  pairs  with  a  supplementary  one  of  nearly  the  same 
size  arising  separately  outsiae  o^  but  close  to  their  bases ;  on 
the  fourth  pair  these  originate  from  the  base  as  large  branches, 
and  on  the  following  ones  they  are  more  distinctly  branches, 
arising  from  the  sides  near  the  bases  of  the  branchiae.  The 
branchiae  are  difiusely  arborescent  and  very  much  subdivided, 
the  divisions  taking  place  very  rapidly,  the  branches  being 
more  equal  in  length  and  more  spreading  than  in  D,  arborescens, 
and  do  not  have  the  long,  slender  and  acute  main  branches  seen 
in  that  species.  The  sheaths  of  the  tentacles  (figure  1,  a)  are 
round  and  stout,  about  4  of  an  inch  long  and  -12  in  diameter, 
and  are  destitute  of  any  lateral  branches ;  they  divide  at  top 
into  five  simple,  roirnd,  smooth,  tapering,  acute  divisions,  of 
which  the  two  posterior  ones  are  longest    The  tentacles  (figure 
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1,  b)  are  about  equal  in  length  to  the  lobes  of  the  sheath, 
the  pedicle  forming  about  half  of  the  visible  part ;  the  terminal 
portion  suddenly  enlai^es  at  first,  becomes  somewhat  conical, 
and  tapers  to  an  obtuse  point;  it  has  ten  or  twelve  oblique 
plicationa  Front  of  head  with  numerous  (about  l 
thirty)  sparingly  branched  appendages  arranged  in 
two  series.  In  the  upper  series  there  are  about 
ten,  the  outer  ones  beinff  largest ;  these  have  stout 
stems  with  a  few  conical,  tapering  branches,  mostly 
on  the  lower  side,  which  are  tipped  with  sulphur- 
yellow.  Below  these  are  numerous  unequal,  small- 
er, and  more  simple  appendages,  about  ten  on  each 
side,  part  of  which  are  forked  at  the  end,  while  others 
are  simple  and  papilliform  and  surround  the  expan- 
ded oral  disk ;  all  are  tipped  with  yellow.  The  oral 
disk  (figure  1,  c)  is  tranversely  elliptical  The  foot  is 
nearly  as  broad  as  the  bodv  ('4:  of  an  inch),  and  can  be  adapted 
for  clasping  by  infolding  tne  edges. 

Color  pale  grayish,  thickly  sprinkled  with  small  yellow  spots, 
which  become  less  numerous  on  the  oral  appendages  and 
sheaths  of  the  tentacles. 

Whale  Cove,  Grand  Menan,  on  sea- weeds  in  a  pool  near  low- 
water  mark     One  specimen  only,  found  by  Mr.  Oscar  Harg^. 

Dendronotus  arborescens  Alder  and  Hancock  {V.  BeynoldsU 
Couthouy)  differs  widely  fix)m  this  species  in  having  a  very 
narrow  foot;  an  elevated  compressed  body,  which  is  more 
slender  and  more  acute  behind ;  a  much  smaller  number  (about 
ten  or  twelve)  appendages  in  front  of  the  head,  of  which  the  six 
upper  ones  are  larger  and  much  more  branched,  and  the  four 
lower  ones  very  small ;  the  gills  longer  and  the  branches  more 
unequal,  while  the  lowest  branch  on  the  outside  arises  from  the 
side,  above  the  base,  even  on  the  front  pairs ;  and  in  having 
more  clavate  tentacles,  with  longer  and  branched  lobes  to  their 
sheaths,  while  the  sheaths  also  have  a  large,  arborescent,  gUl- 
like  branch  driginating  from  the  outer  side  toward  the  base.  By 
the  last  character  alcoholic  specimens  can  easily  be  distinguishei 
Both  species  occurred  togetner  in  the  same  pooL 

Doris  bifida^  sp.  nov. 

Outline  broad  oval,  widest  anteriorly,  1  inch  long  by  '5  broad, 
in  extension,  back  very  convex,  mantle  covered  with  numerous, 
scattered,  prominent,  pointed  papillfiD.  Tentacles  rather  long, 
thickest  in  the  middle,  the  outer  half  strongly  plicated,  but  wiSi 
a  smooth  tip,  the  base  surrounded  by  small  papill».  Gills  re- 
tractile into  a  single  cavity,  united  together  by  a  partial  web, 

Figure  1. — Dendrcnotua  robustus  Verrill;  o^  tentacle  sheath,  natural  aise;  ft, 
tentacle,  enlarged ;  c,  oml  disk  and  anterior  part  of  the  foot,  natural  size ;  fVom 
]iTing  specimen  bj  A.  B.  Y eniU. 
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deeply  frilled,  much  subdivided,  bipinnate,  the  subdivisions  fine 
and  slender.  Foot  very  broad,  in  extension  projecting  back  be- 
yond the  mantle  about  a  quarter  of  an  inch,  slightly  tapering, 
rounded  and  slightly  notched  at  the  end.  Oral  disk  or  veil  cres- 
cent-shaped, the  front  a  little  prominent,  the  sides  extended 
backwam  and  forming  a  curve  continuous  with  that  of  the  foot 

Color  dark  purplish  brown,  sprinkled  with  white  specks ;  ten- 
tacles deep  brown,  specked  with  white,  tips  yellowish;  gills 
purplish  at  base,  the  edges  and  tips  yellow ;  foot  similar  in  color 
to  mantle,  but  lighter. 

Eastport,  Me.,  at  low-water  mark,  under  stones,  Aug.  19, 1868. 

Onchidoris  tenella. 

Doris  tendla  Ag.,  in  Gould,  Invert,  of  Mass.,  Ed.  2,  p.  229,  PL  zx,  figures  289, 
290,  293.  1870. 

Specimens  of  this  rare  and  imperfectly  known  species  were 
obtained  under  stones  in  a  large  pool  at  low-water  mark,  near 
Eastport,  Ma 

The  largest  one  was  -85  of  an  inch  long,  and  -20  to  "25 
broad,  according  to  the  position.  The  outline  is  oval,  elliptical, 
or  obloaig,  in  dmerent  states  of  extension,  and  the  edges  of  the 
mantle  are  often  rotted  inward.  The  back  is  strongly  convex, 
the  surface  thickly  covered  with  small  conical  papinsB,  which 
are  strengthened  by  numerous  minute  white  spicula.  The 
tentacles  are  rather  long,  oblong,  scarcely  tapering,  with  nume- 
rous transverse  lanunsB,  which  cover  nearly  the  whole  length, 
the  tip  with  a  small  obtuse  papilla ;  the  base  is  surrounded  by  a 
short  sheath,  with  the  edge  divided  into  five  small  corneal 
papillae  or  teeth,  the  two  anterior  ones  largest  BranchisB  nine, 
seven  principal  ones  with  two  very  small  ones  posteriorly ;  the 
larger  ones  are  short,  thick,  lanceolate,  with  short  lateral  lobes. 
In  the  center  of  the  branchial  circle  there  is  a  small  brownish 
papilla.  The  foot  is  long-oval,  tapering  behind  and  rounded  in 
front,  about  half  as  wide  as  the  mantle,  and  very  much  shorter. 
The  oral  disk  is  short  and  broad,  subtriangular,  with  a  very 
obtuse  ande  in  front 

Color  of  the  upper  surface  yellowish  white,  the  papillse  mostly 
tipped  with  yellow,  but  some  with  flake- white ;  tentacles  lemon- 
yellow  with  lighter  tips ;  branchiae  yellowish  white,  edged  and 
tipped  with  lemon-yeuow,  the  yellow  tint  conspicuous  in  partial 
contraction ;  foot  yellowish  white ;  mouth  and  edge  of  oral  disk 
bright  yellow. 

Onchidoris  grisea. 
Doris  grissa  Stimpaon  MS.,  in  Gould,  op.  dt,  p.  232,  PL  zx,  figures  292,  296. 

This  species  occurred  under  the  same  circumstances  as  the 
preceding,  and  more  commonly.  The  color  was  generally 
clear  white,  sometimes  tinged  with  pale  sulphur-yellow,  in  some 
parts. 
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Onchidoris  pallida, 
DoriBpaUida  Ag.,  in  Gould,  op.  dt,  p.  229,  PL  xx,  flga  284,  287,  288,  291. 

This  species  was  dredged  in  20  fathoms  in  Eastport  harbor. 
It  has  much  larger  tubercles  than  either  of  the  preceding. 

Doridella,  gen.  nov. 
Body  covered  with  an  ample,  smooth  mantle,  oval,  convex. 
Dorsal  tentacles  retractile,  without  sheatha  Head  prominent, 
the  lateral  angles  prolonged  anteriorly  as  short  oral  palpi  or 
tentacles.  Foot  broad,  cordate.  Branchi»  posterior,  in  the 
groove  between  the  mantle  and  foot 

Doridella  obscura,  sp.  nov.     Figures  2  and  8. 

Form  broad  oval,  '8  of  an  inch  long  and  "2  broad ;  back  con- 
vex, smooth.  Foot  broad,  cordate  in  front  Oral  disk  broad, 
emarginate  or  with  concave  outline  in  front  ; 
The  angles  somewhat  produced,  forming 
short,  tentacle-like  organs,  which  in  exten-  ^^^^^^ 
sion  project  bevond  the  front  edge  of  the  ^^^^^^f^ 
mantle.  Dorsal  tentacles  small,  stout,  re- 
tractile. Color  of  body  blackish,  lighter 
toward  the  edge,  as  if  covered  with  nearly 
confluent  black  spots,  the  whitish  ground 
color  showing  between  them  ;  foot,  oral  disk,  and  dorsal  tenta- 
cles white ;  the  central  part  of  body,  beneath,  bright  yellow. 

Savin  Rock,  near  New  Haven,  Oct  28,  1868,— E.  T.  Nelson. 

The  eggs,  laid  in  confinement,  were  very  small,  a 

pale  yellow,  numerous,  arranged  in  an  open  coil, 
(figure  3). 

This  is  the  only  Nudibranch  hitherto  discovered 
in  the  vicinity  of  New  Haven.  It  appears  to  be  al- 
lied to  PhyUidia  and  Fryetia^  which  are  usually  re- 
ferred to  the  Tectibranchs. 


Art.  XLVIL — On  a  recent  Earthquake  at  Bogota  ;  by  the  Hoa 
S.  A.  HUBLBUT,  U.  S.  Minister  to  Columbia. 

[The  following  communication  respecting  an  earthquake  recently 
felt  at  Bogota,  observed  by  the  Hon.  S.  A.  Hurlbut,  U.  S.  Minis- 
ter to  Columbia,  has  been  kindly  furnished  to  us  by  the  Secretary 
of  the  Smithsonian  Institution,  to  whom  it  was  addressed.] 

We  have  had  rather  an  unusual  phenomenon  at  this  place  in 
a  remarkably  well  developed  earthquake.  At  about  10  minutes 
before  10  P.  M.  of  the  evening  of  the  4th  of  April  (Saturday), 
and  without  any  previous  warning  that  we  had  noticed,  there 

Figure  2. — DarideUa  ohacwra  Yerrill,  enlarged  two  diametera ;  a,  upper  aur&oe ;  6, 

lower  surface. 
Figure  3. — ^Egga  of  D,  o^Mmro,  enlarged  two  diameters. 
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occurred  first,  a  moderate  shock  not  of  any  peculiar  force  and 
consisting  of  a  single  vibration  ;  this  was  momentary.  In  about 
two  minutes  afterward  a  very  sharp  movement  toot  place,  giv- 
ing the  impression  of  a  lateral  motion  from  north  to  soutL 
The  table  on  which  I  had  my  elbow  at  the  time  seemed  to  recede 
about  li  to  2  inches,  quiver  an  instaut  and  return  to  its  place: 
the  beams  of  the  houses  creaked  like  the  timbers  of  a  ship  in 
heavy  weather.  Doors  and  windows  flew  open.  Those  who 
were*  in  bed  at  the  time  seemed  to  feel  it  much  more,  and  the 
effect  of  the  vibrations  was  to  make  many  *'sea  sick"  This 
shock,  they  tell  me,  was  the  sharpest  known  here  since  1826.  I 
cannot  learn  of  any  damage  done  to  buildings  in  the  city. 

The  unquietness  of  the  earth  continued  from  the  time  men- 
tioned until  nearly  11  P.  M.,  with  a  species  of  shuddering  mo- 
tion scarcely  perceptible  unless  one  were  lying  down.  There 
was  heard  with  each  shock,  a  peculiar  muflBiea  rushing  sound,  not 
as  clear  and  distinct  as  the  mo\  ement  of  wind,  but  something 
like  it  At  the  moment  of  the  principal  shock  I  looked  at  my 
watch  and  found  the  time  to  be  ten  minutes  of  ten — Bogota 
time.  Time  however,  here,  is  not  well  regulated,  as  the  observ- 
atory possesses  no  instruments  and  is  neglected.  The  direction 
of  the  movement  was  very  distinct  from  the  north  to  the  south. 
As  earthquakes  rarely  have  their  centers  in  Columbia  and  are 
generally  the  result  of  action  in  Ecuador,  it  may  be  advisable 
to  connect  this  observation  with  notices  from  that  country.  I 
believe  there  is  but  one  volcano  in  action  in  Colombia-Purac^. 

Some  nights  since  we  noticed  for  two  hours  after  sunset  in 
the  west,  and  nearlv  in  the  range  of  Tolima,  a  well  defined 
column  or  line  of  light,  on  the  Cordillera.  This  bore  about  due 
west     The  character  of  the  light  I  could  not  determine. 

Legation  of  the  Uniied  States,  Bogota,  June  6,  1870. 


Art.  XLVHL — Discovery  of  anew  Planet  y  the  112fA,  named  Iphi- 
genia;  by  Dr.  C.  H.  F.  Peters,  of  the  Litchfield  Observatory  of 
Hamilton  College.  Letter  to  the  Editors,  dated  Clinton,  Oneida 
Co.,  K  Y.,  Sept.  22,  1870. 

I  HAVE  the  pleasure  to  communicate  the  following  observations 
upon  an  asteroid  discovered  on  the  night  of  the  19tn  inst. 

App.  Deol. 


1910 

H»m.  Coll.  m.t. 

APP.A.R. 

h    m 

b  m    B 

Sept  19. 

16  30  — 

1  2  36 

"    20. 

14  67  28 

1   I  61-64 

•'    21. 

10  48  22 

1  I  12-24 

+  10  16  —  (approx.  by  estimation). 
+  10  13  30-8  10  comp.  W.  0»»  1079. 
+  10  10  68-9      10  oomp.  Sq^j.  374. 

The  planet  is  about  11th  magnitude,  receives  the  number  (112), 
and  I  nave  already  given  a  name  to  it,  Iphigenia,  while  that 
found  on  Aug.  14,  (111),  has  been  called  Ate^  with  regard  to  the 
simultaneous  events  in  Europe. 

Am.  Joub.  Sol— Siooin>  Sbbibs,  Vol.  L,  No.  160.— Nov.,  1870. 
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Abt.  XLIX.  —  Qeologiccd  ExploroHons  in  China;  by  Baron 
von  RiCHTHOFBN.  In  a  letter  to  Pro£  J.  D.  Whitnet,  dated 
Peking,  Aug.  20tb,  1869,  and  oommonicated  by  bim  for  tbis 
Journal 

I  PBOMiSED  you,  a  few  days  ago,  a  more  detailed  account  of 
tbe  geological  results  of  my  travels  in  Mancburia  and  tbe  pro- 
vince of  Cni-li  tban  I  wisbea  to  give  before  baving  visited  at  least 
some  of  tbe  localities  near  Peking  examined  before  by  Pumj>elly. 
I  bave  done  tbis  and  am  now  acquainted  witb  tbe  most  important 
formations  occurring  in  tbe  neighborbood  of  tbis  capital 

Tbe  soutbem  province  of  Mancburia  bas  tbe  name  Sbing-Kng 
and  is  divided  Dy  tbe  Liao  river  into  Liao-tung  and  Liao-bsi 

fceaning  East  and  West  of  tbe  Liao).  Tbe  course  of  mv  travels 
m  May  to  July  was  as  follows :  from  Cbifu  by  sea  to  Nm-cbaiig, 
at  tbe  moutb  of  tbe  Liao ;  tbence  by  land  down  tbe  western  and 
up  tbe  soutbeastem  coast  of  Liao-tung,  to  tbe  frontier  of  Corea, 
tben  to  tbe  nortbeast,  along  this  frontier,  and  to  Mukden;  from 
Mukden  I  went  to  Peking  by  Kin-cban  and  Yung-ping. 

Tbere  are  certain  circumstances  wbicb  render  tbe  geology  of 
nortbem  Cbina  difficult.  In  tbe  first  place  tbe  extent  of  tbe 
country  is  very  great,  and  tbe  cbaracter  of  tbe  formations  cbanges 
no  less  in  tbe  different  provinces  of  it  tban  it  does  in  otber  regions 
of  tbe  globe.  One  is  easily  inclined,  on  a  bastj  tour  of  reconnoia- 
sance,  to  compare  tbe  strata  in  various  regions  on  litbological 
grounds.  But  if  I  bear  in  mind  tbe  erroneous  conclusions  arrived 
at  in  tbe  European  Alps,  by  geolonsts  wbo  endeavored  to  deter- 
mine tbe  age  of  tbe  sedimentary  donations  on  tbe  strengtb  of 
tbeir  litbological  resemblance  to  tbe  formations  of  otber  parts  of 
Europe,  I  tbmk  I  cannot  be  cautious  enougb  in  tbis  new  country. 
Litbological  analogy  can  bere  be  used  as  a  safe  guide  only  wben 
carefully  traced  from  province  to  province  and  so  on  to  remote 
regions.  Tben  tbere  is  tbe  apparent  absence  of  any  great  geologi- 
cal events  creating  disturbances  simultaneously  over  tbe  wbole 
region.  Ancient  deposition  continued  in  one  place  wbile  it  was 
interrupted  in  anotber  by  tbe  dislocation  of  tbose  strata  previously 
deposited.  Anotber  difficulty  is  tbe  scarcity  of  fossils.  I  dare 
say  tbat,  witb  the  exception  of  a  few  plants  of  tbe  Coal-measurea, 
I  nave  discovered  all  localities  of  fossils  now  known  to  exist  Yet, 
if  it  is  considered  tbat  I  never  received  any  knowledge  of  tbeir 
existence  (excepting  Lake  Tai-bu)  not  even  tbe  slightest  bint,  from 
either  native  or  foreigner,  but  tbat  I  had  to  discover  every  fossil 
myself  in  hurrying  uirough  tbe  country,  it  will  still  be  found  sur- 
prising, tbat  tbe  number  of  known  fossiliferous  localities  is  so 
great.  I  believe  tbat  Cbina  will,  on  a  closer  examination,  contri- 
bute largely  to  tbe  knowledge  of  tbe  most  ancient  animal  life  on 
tbe  globe.  Tbere  is  anotber  difficulty  caused  by  tbe  recurrence, 
at  diffisrent  levels,  of  strata  which  bear  a  close  similarity  to  each 
other.    This  relates  chiefly  to  certain  quartzose  sandstones  of  a 
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reddish  or  yellow  color  when  converted  into  quartzite.  They  have 
often  a  thickness  of  thousands  of  feet,  and,  as  they  are  less  anected 
by  denudation  than  many  other  stratified  rocks,  they  frequently 
compose  mountain  ranges  for  themselves,  without  offering  any 
clue  for  determining  their  stratigraphical  position.  This  b  also 
true,  though  in  a  far  less  degree,  of  the  limestones.  In  regard  to 
these,  as  also  to  the  knowledge  of  the  occurrence  of  fossils,  the 
analogy  with  the  history  of  the  exploration  of  the  European  Alps 
is  striking.  One  cannot  be  astonished  that  the  first  explorer  of 
Chinese  geology,  though  a  most  admirable  observer,  should  have 
distinguished  oxilv  one  great  limestone  formation  in  China,  and 
referred  it  all  to  that  age  (namely,  the  Devonian)  to  which  all  the 
fossils  then  known  (namel3r,  those  which  are  sold  in  drug  stores) 
were  believed  to  belong ;  just  as  ''  the  Alpine  limestone  "  was  un- 
til not  very  long  ago  a  comprehensive  term  used  to  designate  all 
the  limestones  occurring  at  different  geological  levels  in  the  Alps. 
Tou  may  recollect  that  already  my  observations  on  the  Yang-tse 
induced  me  to  distinguish  there  at  least  three  limestone  iorma^ 
tions.  Since  then  I  have  come  to  the  conclusion  that  it  will  not 
be  difficult,  on  detailed  examination,  to  establish  in  other  regions 
a  greater  number  at  distinct  levels. 

It  is  for  the  various  reasons  mentioned,  that  I  examined  every 
mountainous  country  independently  from  what  I  had  seen  before, 
applying  new  terms  for  the  different  formations  observed,  and 
tried  to  establish  the  analogy  between  different  regions  only  after 
having  completed  the  exploration  of  each.  The  series  of  forma- 
tions, as  established  on  tne  Yane-tse,  has  found  thereby  a  great 
deal  of  additional  support  and,  I  think,  will  prove  to  be  a  near 
approxiuiation  to  the  true  order  of  succession. 

In  my  two  previous  letters  (March  Ist  and  May  8th)  I  mentioned 
my  having  found  Carboniferous  fossils  on  the  Yang-tse  and  in 
Shantung,  m  certain  limestones  and  shales  which  occur  there  in 
close  connection  with  the  Coal-measures,  or  indeed  form  part  of 
them.  They  mark  there  a  veiy  distinct  and  remarkable  horizoa 
I  did  not  find  any  corresponding  fossils  in  Manchuria  or  ChilL 
There,  however,  I  was  fortunate  enough  to  collect  sufficient  mate- 
rial for  determining  the  age  of  a  formation  which  corresponds, 
stratigraphically  and  Utholo^cally,  with  the  lowest  ("Matsu") 
limestone  on  the  Yang-tse  and  the  formation  mentioned  as  No.  2 
of  Shantung  in  my  letter  of  May  8th.  It  has  a  thickness  of  many 
thousand  feet,  and  is,  lithologieally,  exceedingly  varied.  It  con- 
sists of  endless  alternations  of  red  micaceous  argyllite  and  brown 
sandstone,  with  strata  of  limestone,  the  former  two  prevailing  in 
the  lower  half^  the  latter  in  the  upper  portioa  The  limestone  it- 
self presents  a  large  number  of  varieties,  and  one  can  distinguish, 
on  purely  lithological  grounds,  several  horizons,  the  order  of  suc- 
cession of  which  18  simiLtr  in  wide  regions.  One  of  these  horizons 
is  marked  by  black  o&litic  limestone,  which,  together  with  some 
other  conspicuous  varieties  of  limestone,  extends  aom  the  Yang-tse 
to  Liao-tung  and  to  Peking  (twelve  degrees  of  latitude  and  ten 
of  longitude). 
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On  the  frontier  of  Corea,  this  oolitic  limeBtone  aboands  in  the 
remains  of  Trilobites  and  small  brachiopods,  chiefly  of  the  Orthis 
and  Linsula  families.  The  sediments  were  there  deposited  in  in- 
lets of  the  ancient  sea  between  ridges  consisting  chiefly  of  eneiss, 
granite  and  quartzite.  The  accumulation  of  the  shells  of  trilo- 
bites which  took  place  in  these  protected  abodes  is  astonishing. 
I  collected  quite  a  number  of  species,  but  nothing  adequate  to  the 
material  which  I  saw,  as  several  circumstances,  chiefly  the  danger 
of  being  cut  off  by  torrents  swelled  by  the  copious  rains  of  the 
season,  made  it  necessary  to  hurry  over  the  most  prolific  localities. 
Yet,  I  hope  that  it  will  now  be  possible  to  determine  the  age  of 
one  of  the  most  important  formations  of  Northern  China.  It 
predominates,  in  bult,  over  all  other  sedimentary  formations  of 
Lio-tung  and  extends  thence  into  Corea.  In  Liao-tsi,  it  appears 
to  have  been  removed  by  denudation  to  a  great  extent,  it  ap- 
pears only  in  places,  and  even  in  these  it  is  often  covered  by 
porphyries.  Again  it  takes  a  dominent  part  in  the  structure 
of  the  country  in  the  province  of  Chi-li,  chiefly  between  Yung- 
ping-pu  and  Peking,  becoming,  however,  more  and  more  met- 
amorphosed with  the  approach  to  the  latter  city.  Its  lime- 
stones (that  is,  its  upper  portion)  form  the  narrows  which  lead  to 
the  Nankan  pass.  Tney  are  intensely  altered,  and  traversed  by 
innumerable  dykes  of  intrusive  rocks.  What  Pumpelly  describes 
as  the  Ilwaingan  beds,  are  probably  the  lower  strata  of  this  same 
great  formation. 

In  Liao-tung,  as  in  Shan-tung,  the  oolitic  limestones  carrying 
the  trilobites,  are  overlain  by  a  great  thickness  of  limestone,  which 
is  immediately  followed  by  the  Coal-measures.  In  Liao-tun^,  I 
found  no  fossils  in  this  limestone,  excepting  numerous  Ammomtes 
and  Orthoceratites,  which  cannot  be  determined.  They  occur  im- 
mediately below  the  coal-bearing  strata,  the  conformable  superpo- 
sition of  which  on  the  limestone  I  observed  in  a  number  of  places. 
There  are  localities,  such  as  northwestern  Shan-tung  and  south- 
em  Liao-tung,  where  there  is  an  apparently  uninterrupted  series  of 
sedimentary  deposits,  commencing  with  sandstones  and  shales 
thousands  of  feet  lower  than  the  oolitic  limestone  and  ending  with 
the  Coal-measures.  Every  layer  appears  to  be  conformable  to  that 
which  it  overlies,  but  no  such  parallelism  exists  between  the 
lower  and  upper  portions  of  the  series,  a  gradual  change  of  inclin- 
ation marking  the  former  gradual  changes  of  level  It  is  not 
improbable  that  in  these  localities  the  entire  series  of  formations, 
from  the  Silurian  to  the  Coal-measures,  is  represented.  It  is  in 
these  regions  that  the  order  of  succession  wUl  have  to  be  studied. 
There  are,  however,  more  numerous  instances  where  the  outbreaks 
first  of  granitic  and  then  of  porphyric  rocks,  which  extended 
evidently  over  long  periods,  have  created  repeated  disturbances. 
The  vicinity  of  Peking  has  been  among  the  theaters  of  the  most 
intense  eruptive  action.  But  even  here  the  Coal-measures  are  con- 
formable to  the  underlying  limestones,  in  all  instances  which  came 
under  my  observation. 
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I  am  unable  to  pronounce  at  present  an  opinion  on  the  relation 
of  the  northern  Coal-measures  to  those  of  Shan-tung  and  the  lower 
Yang-tse.  The  remains  of  plants  which  1  collected  in  nearly 
every  one  of  the  northern  coal-fields  will  probably  help  to  elucidate 
this  question*  But,  judging  on  mere  stratigraphical  grounds,  I 
cannot  help  thinking,  that  the  Coal-measures  of  Liao-tung  and 
Liao-hsi,  and  the  lower  portion  of  those  in  the  neighborhood  of 
Peking,  will  not  differ  much  in  age,  either  among  themselves,  or 
as  compared  with  the  Coal-measures  of  Middle  CMna,  It  is,  how- 
ever, a  noteworthy  fact,  that  the  coal  formation  of  Peking  has  an 
extraordinary  development.  I  had  only  occasion  to  see  those 
coal-bearing  strata  which  lie  immediately  on  the  limestone.  West 
of  Peking,  these  strata,  together  with  the  limestone  and  a  few 
thousand  feet  of  superincumbent  deposits,  have  undergone  an  in- 
tense metamorphbm,  the  coal  being  converted  into  anthracite.  It 
appears,  from  Mr.  Pumpelly's  description,  that  the  Chaitung  Coal- 
measures  (which  I  did  not  visit)  occupy  a,  geologically,  much 
higher  level  Altogether  it  may  be  safe  to  conclude,  mat  in  China, 
as  in  other  countries,  the  deposition  of  coal  and  intervening  sedi- 
ments continued  during  a  considerable  period,  in  which  it  shitted 
to  different  regions.  Yet,  I  must  confess,  that  comparison  on 
stratigraphical  grounds  makes  it  difficult  to  believe  that  any  por- 
tion of  the  Coal-measures  of  Northern  China  should  be  of  so  re- 
cent age  as  Dr.  Newberry  was  inclined  to  conclude  on  the  strength 
of  the  vegetable  remains  which  he  determined. 


SCIENTIFIC     INTELLIGENCE. 

I.   CHEMISTBY  AND  PHYSICS. 

1.  On  the  influence  of  electricity  on  air  and  oxyaen  as  a  means 
of  producing  ozone. — Houzbau  has  drawn  the  foUowing  conclu- 
sions from  a  great  number  of  estimations  of  ozone  obtained  by 
means  of  Ruhmkorff's  apparatus. 

( I .)  The  production  ot  ozone  is  greater  in  air  renewed  from  time 
to  time  than  in  confined  air. 

(2.)  It  is  greater  at  the  negative  than  at  the  positive  pole. 

(3.)  The  production  of  ozone  increases  only  up  to  a  certain  point 
with  the  duration  of  the  electric  action. 

(4.^  The  ozone  increases  with  the  electric  intensity. 

(5.^  The  ozone  diminishes  when  the  distance  which  separates 
the  electrodes  increases. 

(6.)  The  production  of  ozone  varies  with  the  length  or  surface 
of  the  electrodes. 

(7.)  Other  conditions  being  equal,  the  production  of  ozone  is 
greater  by  utilizing  the  effect  of  tne  two  electrodes. 

(8.)  The  production  of  ozone  is  equally  manifested,  out  of  direct 
contact  with  the  air,  with  metallic  electrodes,  when  these  last  are 
surrounded  for  their  whole  lengths  with  tubes  of  thin  glass  play- 
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ing  the  part  of  insulating  sheaths,  whether  the  extremities  of 
these  tubes  are  closed  or  not. 

(9.)  Still  the  production  of  ozone  resulting  from  the  passage  of 
air  over  the  naked  metallic  electrodes  (direct  contact  with  the  pla- 
tinum wires)  is  greater  than  that  which  arises  from  the  passage  of 
the  air  round  the  same  electrodes,  when  sheathed  and  closed,  (no 
direct  contact  of  the  air  with  the  naked  metallic  electrodes). 

(10.)  With  closed  sheathed  electrodes  the  production  of  ozone 
varies  equally  with  the  length  or  surface  gf  the  metallic  electrodes. 

(11.)  The  production  of  ozone  increases  considerably  with  a  dim- 
inution of  the  temperature  at  which  the  electrification  of  the  air  is 
effected. 

(12.^  All  conditions  being  equal,  the  quantity  of  ozone  produ- 
ced with  a  definite  volume  of  oxygen,  is  always  much  more  con- 
siderable (about  eight  or  ten  times)  than  that  furnished  by  the 
same  volume  of  air. 

(13.)  The  ozone  produced  by  the  obscure  electrification  of  air, 
is  accompanied  by  small  quantities  of  nitrous  compounds,  while 
that  which  is  furnished  by  pure  oxygen  under  the  same  circum- 
stances, contains  only  traces.  By  attention  to  the  conditions  above 
described,  the  author  has  been  able  to  construct  a  new  apparatus, 
which  he  calls  an  ozonizer,  and  with  which,  according  to  nis  state- 
ment, quantities  of  ozone  hitherto  unknown,  may  be  prepared. 
The  apparatus  is  not  described  in  the  paper  from  which  our  ex- 
tract IS  takea —  Commtes  Hendus^  Ixx,  1 286.  w.  g. 

2.  JResearches  on  Platinum. — ScHtJrzBNBEROER  has  communica- 
ted to  the  Academy  of  Sciences  further  investigations  of  the  re- 
markable compounds  of  platinum  with  carbonic  oxyd,  already 
noticed  in  this  Journal,  and  has  in  addition  described  some  new 
series  of  great  interest  and  theoretical  importanca  Setting  out 
with    the    view    that    the    two    compounds   already  described, 

CO 
COi=PtCljj,  and    i/>PtClg,*  may  be  regarded  as  the  chlorids 

of  two  diatomic  radicals,  the  author  found  that  ammonia  unites 
with  each  compound,  forming  the  two  new  chlorids  represented 
respectively  by  the  formulas, 

NaHj.CO.PtClg,  and  N^He .  (CO)^^ .  PtClg. 
When  heated  these  compounds  fuse,  yielding  metallic  platinum, 
nitrogen,  hydrogen  and  sal-ammoniac,  together  with  a  volatile 
liquid  having  a  penetrating  odor  which  appears  to  be  chlorid  of 
formyl,  COHCl.  The  compound  CO .  PtClj  absorbs  dry  ethylene 
and  forms  a  yellow  crystalline  body,  which  has  probably  the  for- 
mula CjH^  .  CO .  PtClj,  and  may  be  regarded  as  corresponding  to 
the  dicarboxyl  compound  (CO)^ .  PtClj,  C^H^  replacing  CO. 
When  heated  above  96°  C.  this  body  gives  off  chlorhydric  acid, 
while  a  dark  colored  body  remains  insoluble  in  water  and  having 
the  formula  C2H3CI .  CO .  PtCl^,  so  that  it  contains  monochlorin- 
ated  ethylene  in  place  of  ethylene. 

Phosphorous  chlorid,  PCI3,  like  carbonic  oxyd,  unites  readily 

♦  Pt=l9t  0=12  0=16. 
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with  platinous  chlorid,  forming  a  solid  reddish-yellow  substance, 
Toiatne  with  difScnlty,  fdsing  at  about  200°,  and  soluble  in  phos- 
phorous chlorid,  from  which  it  crystallizes  in  cooling.  The  com- 
position of  this  body  is  represented  by  the  formula  PCI3  .  PtClg. 
The  same  substance  is  formed  by  heating  one  atom  of  platinum 
with  one  molecule  of  phosphoric  chlorid,  PCL-j-Pt=PCl3  .  PtClg, 
and  also  by  the  action  of  rCU  upon  CO.  PtCl^,  CO  being  given 
off  The  compound  PCI3  .  PtCl,  dissolves  in  water  with  a  yellow 
color,  forming  a  new  complex  acid,  P(H0)3PtCl2,  and  differs 
essentially  from  the  body  described  by  Baudrimont,  which  accor- 
ding to  that  chemist,  has  the  formula  PCI5 .  PtClg,  (Pt=98-5). 
In  a  later  communication  to  the  Academy,  Schtltzenberger  gives 
the  formulas  and  names  of  a  series  of  very  remarkable  substances 
which  he  has  obtained  from  the  primitive,  PCI 3 .  PtCl^ ;  these  are 
as  follows : 

PCI3  .  PtClg  chlorid  of  trichloro-phosphoplatinum. 

P(H0)5i .  PtClj  phospho  chloro-piatinous  acid. 

P(A90)3  .  PtCljj  silver  salt  of  the  same. 

P(CgHjO)3 .  PtClj,  chlorid  of  trioxethyl-phospho  platinum. 

P^C^HjOjaPtO.  HjO  hydrate  of  oxyd  of  platinum. 

P(Ca  H  3O) gPtO .  N  3O3  nitrate  of  oxyd  "  " 

P(C2H50)3.PtN2H^.2nCl  chlorhydrate  of  trioxethyl-phospho- 

platin-diamin. 
PgCL .  PtClj  chlorid  of  hexachloro-diphosphoplatinum. 
P2(H0)  J .  PtCL  diphospho-chloroplatmous  acid. 
PatAgO),  .PtCla  silver  salt. 

PalCaHgO)-  .PtClj  chlorid  of  hexoxethyl-diphospho  platinum. 
P2(C,H50)e.PtNJE[^.2Ha"  "  «  diamina 

P2(C2H^0)3Cl3PtCl2   chlorid    of   trichloro-trioxethyl-diphospho 

platinum. 
Pg  (031150)3  (H0)8  Pt  Cla     diphospho-trioxethyl-chloro-platinous 

acid. 

Schtltzenberger  points  out  the  analogy  between  these  compounds 
and  the  ammonia-platinum  bases.  In  a  third  note  he  gives  a 
method  of  isolating  the  radicals  contained  in  the  above  described 
compounds.  By  treating  the  alcoholic  solutions  of  the  two  chlo- 
ridsP(C2H50)3PtCl2,  and  Pj^(C2H50)ePtCl2,  with  zinc,  viscid 
black  masses  are  obtained,  havmg  respectively  the  formulas  PlC, 
H^0)3R  and  Pa(C3H50)^Pt,  and  combining  directly  with  chlo- 
rine to  reproduce  the  original  chlorids. —  Comptes  JienduSj  Ixx, 
1287,  1414;  Ixxi,  69.  w.  G. 

3.  On  new  derivatives  of  triethylphosphine, — Cahours  and  Gal 
have  studied  the  product  of  the  action  of  platinic  chlorid  upon  tri- 
ethylphosphine,  and  have  obtained  a  compound  having  the  form- 
ula,* P(C^Hj)3PtCl,  which  they  regard  as  the  equivalent  of  the 
green  salt  of  Magnus  in  the  ammonia  series.  This  body  crystal- 
Rzes  from  its  solution  in  ether  in  voluminous  transparent  prisms  of 
an  amber  yellow  color.  An  alcoholic  solution  of  this  salt  heated 
to  100**  for  several  hours  in  sealed  tubes,  yields  crystals  of  an  iso- 

♦  0=6    0=8    Pt=98-7. 
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meric  white  salt.  When  the  yellow  salt  is  hoiled  with  water  and 
triethylphosphine,  a  colorless  salt  is  formed,  which  has  the  form- 
ula, [^(C^H^lj]  PtCl  and  which  the  authors  consider  to  be  the 
phosphorous  analogue  of  the  salt  of  Reiset.  It  loses  an  atom  of 
triethylphosphine  when  long  kept,  and  leaves  the  white  modifica- 
tion of  the  chlorid  first  described.  With  argentic  oxyd  and  water 
it  yields  a  strongly  alkaline  liquid ;  with  the  chlorids  of  gold  and 
platinum  well  defined  salts.  Palladium  forms  a  compound  similar 
to  the  first  described  salt  of  platinum,  and  also  forming  amber 
yellow  prisms.  This  does  not,  however,  unite  with  another  atom 
of  triethylphosphine.  When  triethylphosphine  is  added  to  a  solu- 
tion of  auric  chlorid,  AuClg,  in  alcohol  a  colorless  crystalline  salt 
is  obtained  which  has  the  formula,  P(C4H.)3AuCL  Compounds 
of  an  exactly  analogous  composition  were  obtained  with  the  chlo- 
rid of  platinum,  palladium  and  gold,  and  triethylarsine. —  Comp- 
tea  Hendus^  Ixx,  1 380,  Ixxi,  208.  w.  g. 

4.  On  8ilic(y-propionic  acid, — By  the  simultaneous  action  of 
zinc-ethyl  and  sodium  upon  ethyl-silicic  monochlorhydrine,  SiCl(0 
03115)3,  Friedel  and  Ladenburg  have  obtained  a  liquid  boiling 
at  ISS'^-S  C.  and  having  the  formula,  Si(C2H ^(OCaUs),,  which 
they  term  tribasic  silico-propionic  ether.  A  concentrated  solution 
of  caustic  potash  does  not  set  free  in  this  compound  the  silicon  in 
the  form  of  silicic  oxyd  SiO,,  but  gives  a  product  having  the  for- 
mula, SiCaHgOgH,  which  however  cannot  be  obtained  in  this  way 
in  a  state  of  purity.  By  heating  silico  propionic  ether  at  1 80°  C. 
in  a  closed  tuoe  with  chlorid  of  acetyl,  the  authors  obtained  a  mix- 
ture of  acetic  ether  and  a  body  having  the  formula  SiCgHjCU. 
By  treating  with  water  the  part  of  this  liquid  which  boils  at  90 — 
110°,  chloAvdric  acid  and  a  white  gelatinous  body  are  formed; 
this  last  is  tne  hydrate  of  silico-propionic  acid.  When  dried  at 
100°  the  acid  forms  a  white  amorphous  powder  greatly  resembling 
silicic  oxyd,  but  easily  distinguished  from  it  by  its  combustibility. 
When  heated  it  bums  like  tinder,  disengaging  combustible  gas^. 
The  acid  is  insoluble  in  water,  but  dissolves  in  hot  concentrated 
caustic  potash,  and  is  not  precipitated  from  this  solution  by  HCl, 
but  only  by  NH^Cl,  like  SiOj,  the  residue  after  evaporation  being 
unchanged  silico-propionic  acid.  The  new  substance  appears  there- 
fore to  be  a  weak  acid  analogous  to  silicic  acid,  and  presents  the 
first  known  case  of  a  silicic  acid  containing  carbon.  Its  formula 
shows  that  it  contains  the  group,  SiOgH,  which  may  be  termed 
silicoxyl,  and  which  is  the  analogue  of  carboxyl,  CO^H.  It  is 
easy  to  see  also  that  it  forms  one  term  of  a  group  of  homologous 
acids. — Comptes  Rendiis^  Ixx,  1407.  w.  g. 

5.  On  normal  amylic  alcohol, — ^Libben  and  Rossi  have  suc- 
ceeded in  obtaining  synthetically  the  normal  amylic  alcohol,  which 
bears  the  same  relation  to  the  alcohol  already  known  which  noiv 
mal  butylic  alcohol  bears  to  that  obtained  by  fermentation.  Nor- 
mal cyanid  of  butyl  yields  normal  valeric  acid,  which  greatly  re- 
sembles the  acid  already  known,  but  which  has  an  odor  more  close- 
ly resembling  that  of  butyric  acid.  It  boils  at  184°-186°  at  Tse""*. 
When  normal  calcic  valerate  is  mixed  with  normal  calcic  formate. 
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and  the  mixture  is  distilled  in  small  portions  at  a  time,  valeric 
aldehyd  is  obtained,  boiling  at  102°  C.  This  aldehyd,  by  the  ac- 
tion of  nascent  hydrogen,  yields  the  normal  amylic  alcohoL  The 
alcohol  much  resembles  that  obtained  by  fermentation,  but  has  a 
higher  boiling  point,  137°  C.  under  a  pressure  of  740"*"*.  The  au- 
thors have  prepared  from  it  the  chlorid,  bromid,  iodid  and  acetate 
of  amyl,  all  of  which  possess  higher  boiling  points  than  the  cor- 
responding ordinary  amylic  ethers.  The  constitution  of  the  nop- 
mal  alcohol  must  be  expressed  by  the  formula, 

H 
H 

CH^.OH  i^^ 

while  common  amylic  alcohol  has  probably  the  formula  attributed 
to  it  by  Erlenmeyer, 


CH, 

CH,  =     C 

CH^ 


H3C  CH. 

V    ' 

CH       z=C^ 
CH 


CH^.OH 


CH,.CH(CH3), 


H 
H 
OH 

The  authors  promise  a  detailed  description  of  the  normal  vale- 
ric acid  and  its  salts. —  Comptes  Rendua^  Ixxi,  369.  w.  6. 

6.  TVansformation  of  the  fatty  acids  into  the  corresponding  alco- 
hols,— Sattzeff  has  given  a  method  of  passing  from  the  fatty 
acids  to  the  corresponcung  alcohols,  which  possesses  much  inter- 
est. An  amalgam  of  sodium  of  3  per  cent  is  to  be  introducied 
into  a  flask,  and  a  mixture  of  one  molecule  of  the  chlorid  and  two 
of  the  acid  introduced,  the  mixture  being  cooled.  After  12  hours 
water  is  added,  the  liquid  distilled,  and  the  distillate  saturated 
with  potassic  carbonata  The  product  separated  is  the  ether  form- 
ed by  the  fatty  acid  with  the  corresponding  alcohol.  This  may 
then  be  saponified  by  potash.  In  this  manner  the  author  prepared 
propylic  and  butylic  alcohols. — BtUl.  de  la  Soci&ti  Ohimique^  xiii, 
p.  61.  w.  G. 

II.   GEOLOGY  AND   MINERALOGY. 

• 

1.  Ijanrentian  Hocks  of  Nova  Scotia:  by  Rev.  Dr.  Honeyman, 
F.G.S.,  <fcc. — In  this  communication  1  propose  to  make  a  few 
observations  bearing  upon  remarks  made  by  Dr.  Hunt  on  the  above 
subject,  in  the  July  number  of  the  American  Journal  of  Science. 

While  I  was  engaged  in  the  service  of  the  Canadian  Survey, 
ascertaining  the  extent  of  the  distribution  of  the  Upper  and 
Middle  Silurian  rocks  of  Arisaig,  I  unexpectedly  came  upon  a 
band  of  crystalline  rocks,  of  considerable  thickness  and  of  great 
lithological  variety.  There  was  a  succession  of  different  kinds  of 
diorites  and  homblendic  rocks,  traversed  with  veins  of  quartz 
and  many  granular  limestones.  These  extended  about  two  miles 
along  the  shore,  stretching  at  the  same  time  both  into  the  sea  and 
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land.  After  these  oame  a  thick  band  of  ophites  and  ophio-calcites. 
Succeeding  these  were  bands  of  dioiites  and  homblendic  slates, 
with  quartz  veins  containing  mica  in  crystals,  and  then  white 
feldspar  rock  of  considerable  thickness  with  green  veins,  and  a 
thick  band  of  rose-colored  feldspar.  I  was  convinced  that  I  had  dis- 
covered a  series  of  Laurentian  rocks.  In  geolo^cal  position  it  is 
unquestionably  inferior  to  the  Arisaig  series,  whidi  ranges  ftx>m  the 
Medina  and  Oneida  through  the  Clinton,  Niagara  (?),  Lower  Held- 
erberg,  and  possibly  the  Devonian,  into  the  Lower  Carboniferous. 
There  appeared  to  me  to  be  a  sufficient  lithological  resemblance, 
between  these  rocks  and  those  of  Canada  and  Newfoundland  Lau- 
rentian, to  warrant  the  conclusion.  Dr.  Hunt  gives  me  the  credit 
of  having  profited  by  his  suggestions,  and  the  descriptions  of 
Laurentian  rocks  given  by  the  Canadian  Survey,  and  assures  the 
readers  of  the  Journal,  that  these  first  brightened  my  ideas  in 
regard  to  the  geological  age  of  the  rocks  in  question.  Dr.  Hunt, 
however,  knows  right  well  that  I  had  other  and  much  better 
means  of  acquiring  the  requisite  knowledge.  I  spent  the  greater 
part  of  six  months  in  the  Paris  Exhibition,  m  the  inunediate  vicinity 
of  the  Canadian  Survey  collection  of  rock  specimens,  from  the 
Laurentian  rocks  of  Canada  and  Newfoundland,  and  those  who 
know  me  know  that  I  am  not  in  the  habit  of  allowing  such  good 
opportunities  to  pass  unimproved*  After  Mr.  Richardson  had 
finished  the  arrangement  of  these  rocks  in  the  Canadian  depart- 
ment of  the  Exhibition,  when  there  was  no  geologist  in  the  Canadian 
and  Newfoundland  courts,  my  duties  as  Executive  Commissioiier 
in  the  Nova  Scotia  department  requiring  my  constant  attendance, 
I  had  frequent  occasion  to  direct  the  attention  of  English  and 
Continental  geologists  to  the  rock  specimens  referred  to ;  so  that  I 
was  not  altogether  ignorant  of  their  character  and  appearance. 

Thus  schooled  I  considered  the  rocks  discovered  to  be  Lawrtnr 
tian.  The  first  to  whom  I  communicated  the  discovery  was  H.  R. 
Hill,  Esq.,  High  Sheriff  of  Antigonish,  who  had  often  accompanied 
me  in  my  Arisaig  trips,  and  whose  knowledge  of  the  Silurian  rocks 
of  Arisaig  and  the  places  where  fossils  occur  is  somewhat  intimate. 
To  him  I  declared  positively  that  I  had  found  the  Laurentian 
rocks  in  the  neighborhood  of  our  old  geological  field ;  at  the  same 
time  I  gave  him  specimens  of  these  rocks.  Shortly  after  I  left  the 
field  on  account  of  the  inclemency  of  the  weather.  On  my  way 
home  I  had  to  pass  through  New  Glasgow;  I  called  upon  Sir  W. 
Logan  at  his  hotel  and  showed  him  specimens  of  the  ophite  and 
ophiocalcite.  He  appeared  to  hail  them  as  an  important  discov- 
ery, declared  them  to  oe  of  Quebec  age,  and  recommended  a  search 
for  chromic  iron  in  the  locality.  When  Profi  Hind  inspected 
the  specimens  which  I  had  in  the  Museum,  he  appeared  then  to 
regard  them  as  Sir  W.  Logan  had  done,  and  in  his  report  on  the 
Waverly  Gold  Fields,  he  mentions  the  discovery  as  a  dis- 
covery of  Quebec  rocks.  In  the  month  of  December  following,  I 
received  a  letter  from  Sir  W.  Logan,  addressed  to  the  care  of 
W.  A.  Hendry,  Esq.,  Deputy  Commissioner  of  Nova  Scotia  Crown 
Lands,  a  gentleman  who  has  had  considerable  field  experience  as 
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a  geoloo^t,  to  whom  I  oommnnicated  the  contents  of  the  letter. 
In  this  letter  Sir  W.  Logan  says  "  after  all  it  is  not  serpentine  you 
have  dbcovered.  Dr.  Hunt  says  it  is  agalmatolite  or  aysyntribite 
and  it  proves  nothing ;  the  rocks  may  be  of  Upper  Silurian  or 
Devonian  age.''  I  was  not  pre{>ared  to  maintain  that  the  ophite 
was  not  agalmatolite  or  dysyntribite ;  simple  test  proved  that  the 
ophiocalcite  was  undoubtedly  a  calcite.  I  could  not  for  a  moment 
admit  that  the  strata  in  question  were  Upper  Silurian  or  Devonian. 
Any  one  knowing  the  locality  could  not  fail  to  be  convinced  that 
they  were  underling  the  Upper  and  Middle  Silurian  of  Arisaig, 
and  therefore  might  be  Lower  Silurian,  Huronian,  or  Laurentian, 
but  certainly  nothing  more  recent  I  had  a  specimen  of  the  ophio- 
calcite— ophiocalcite  it  is  now  acknowledged  to  be— -polished  on 
two  opposite  sides  by  Mr.  Wesley,  marble  worker.  In  retuminff 
it  to  me  he  said  he  had  partly  polished  it  by  means  of  acid.  K 
turned  out  to  be  a  very  beautiful  and  peculiar  specimen.  I  ex- 
amined its  surface  by  a  combination  of  lenses  having  a  considerable 
magnifving  power,  and  observed  what  appeared  to  me  to  be  struo* 
ture.  1  had  often  examined  the  magnificent  specimens  of  Eozonal 
serpentine  which  were  exhibited  in  the  Canadian  department  of 
the  Paris  Exhibition  of  1867,  which  were  afterward  deposited  in 
the  Ecole  des  Mines  of  Paris.  I  also  had  received  from  a  Bohe- 
mian geologist  in  Paris  a  specimen  of  ophiocalcite  with  Eozoon 
Bohemicum.  I  compared  this  with  the  Nova  Scotian  specimen ; 
I  became  impressed  with  the  conviction  that  if  the  Bohemian 
was  Eozonal  so  was  the  Nova  Scotian,  and  that  this  was  another 
evidence  of  the  Laurentian  aee  of  the  Nova  Scotian  rocks.  In  my 
simplicity  and  ignorance  of  nets  advanced  in  the  Eozonal  contro- 
versy, I  aid  not  know  that  serpentines  of  aU  ages  might  contain 
species  of  the  genus  Eozoon.  I  pointed  out  the  peculiar  structure 
of  the  Nova  Scotian  specimen  and  its  resemblance  to  that  of  the 
Bohemian  to  Mr.  Hendry,  already  referred  to.  He  expressed 
doubts  on  the  matter  of  structure  m  both,  as  an  unbeliever  in  the 
Eozoon  might  do.  About  the  same  time  Prof  Lawson  of  Dal- 
housie  College  and  University,  Halifax,  came  to  the  Musetmi  and 
asked  if  I  had  a  specimen  of  the  Eozoon  Caniadenee ;  I  told  him 
that  I  had  not,  but  that  I  had  a  specimen  of  the  Eozoon  Bohemtcutn 
and  what  might  be  called  the  Eozoon  Nova-Scoticum.  He  ex- 
amined them,  but  replied  that  he  wanted  to  see  the  real  Eozoon 
Canadense.  Mr.  Hendry  confirms  the  above  statements  as  fat*  as 
he  is  referred  to,  in  the  presence  of  Dr.  How  of  Kings  College  and 
University,  Windsor,  to  whose  friendship  and  kindness  I  am  in- 
debted for  the  loan  of  a  copy  of  the  numoer  of  the  American  Jour- 
nal of  Science,  containing  Dr.  Hunt's  article  already  referred  to. 

In  the  spring  of  1869,  I  visited  Montreal  and  took  with  me 
the  polishea  specimen  of  ophiocalcite.  I  gave  it  to  Dr.  Hunt  in 
the  lapidary's  workshop  in  Gabriel  street.  A  day  or  two  after, 
when  i  was  engaged  in  the  same  place  talking  with  Sir  W.  Logan, 
Dr.  Hunt  entered  with  the  specimen  referred  to  in  his  article,  and 
stated  to  Sir  W.  Logan  in  my  presence  to  the  effect  that  Dr. 
Honeyman  had  discovered  a  very  interesting  series  of  rocks ;  that 
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the  specimens  tempted  him  to  go  to  see  them,  and  that  he  believed 
them  to  be  the  Laurentian.  Sir  W.  objected,  saying  that  the 
specimen  was  not  serpentine.  Dr.  Hunt  assured  him  that  it  was 
ophiocalcite ;  that  he  had  examined  it ;  that  the  white  effervesced 
with  acid.  He  also  named  some  of  the  constituents ;  I  do  not 
recollect  what  they  were.  Sir  W.  and  Dr.  Hunt  left  I  heard 
nothing  more  about  the  matter  until  my  very  kind  host,  Dr. 
Dawson,  on  returning  from  a  visit  to  Gabriel  street,  told  me,  in 
his  library,  that  Dr.  Hunt  had  said  to  him  that  certain  rocks  that 
I  had  discovered  were  of  Laurentian  age ;  but  that  he  had  advised 
him  to  consider  them  first  of  all  Devoniaa  All  that  I  replied 
was,  I  heard  him  say  so.  For  certain  private  reasons  I  expressed 
no  opinion  on  the  subject.  When  I  returned  to  Halifax  I  arranged 
my  representative  coUection  of  Nova  Scotia  rocks  in  the  Provincial 
Museum  under  my  charge,  thus :  Arisaig  ophite,  ophiocalcite  and 
porphyritic  diorite,  at  the  bottom  of  the  series;  granites,  new 
gneissoid  rocks  of  Pro£  Hind,  next ;  andalusite  rock  and  slates 
next ;  and  thus  they  had  remained  until  the  present  time.  Many  a 
time  have  I  pointed  out  these  rocks  to  visitors  who  take  an  interest 
in  such  matters,  and  told  them  the  lowest  ones  were  Laurentian. 
I  have  certainly  not  been  silent,  as  Dr.  Hunt  informs  the  readers 
of  the  American  Journal  of  Science,  although  the  sound  of  my 
voice  may  not  have  reached  Gabriel  street,  Montreal  I  could 
name  many  witnesses  to  attest  this. 

I  would  now  observe  that,  from  one  cause  or  other,  I  had  never 
met  with  Prof  Hind  since  the  time  already  referred  to,  until  a  day 
or  two  after  he  had  read  a  paper  on  his  discovery  of  the  Laurentian 
rocks,  before  the  Nova  Scotia  Institute  of  Natural  Science.  He 
came  to  meet  Dr.  Lawson  in  the  Museum.  He  commenced  dis- 
cussing the  subject  of  his  discovery.  I  then  turned  his  attention 
to  my  collection  of  rocks ;  showed  him  the  Laurentian  of  Arisaig, 
and  gave  him  a  detailed  account  of  the  opinions  expressed  m 
regard  to  them.  He  informed  me  that  he  had  announced  his  dis- 
covery of  the  Laurentian  gneissoid  in  Sherbrooke  and  elsewhere, 
to  Sir  Roderick  Murchison,  Sir  W.  Lo^an,  &c.  Not  long  after  a 
letter  was  inserted  in  the  Halifax  Morning  Chronicle,  addressed  by 
Prol  Hind  to  the  Hon.  Robert  Robertson,  MKC,  Commissioner 
of  Mines  and  Public  Works,  dated  Windsor,  10th  Feb.,  1870,  from 
which  I  give  the  following  extrsicts :  *'  Under  date  Montreal,  Feb. 
3, 1870,  Dr.  Hunt  informs  me  that  recent  microscopic  examination 
of  some  of  the  specimens  sent  by  Dr.  Honeyman,  has  revealed 
wellrdeflned  '  Eozoon  Canadense?  "  *'  This,"  continued  Dr.  Hunt, 
"  must,  I  conceive,  be  conclusive  evidence  of  their  Laurentian  age.^ 
''  Dr.  Dawson,  in  a  separate  communication,  confirms  the  identifi- 
cation of  the  Eozoon." 

I  find,  however,  that  in  the  discussion  that  followed  the  reading 
of  the  paper,  "  On  the  Laurentian  rocks  of  Arisaig,  N.  S.,"  ad- 
dressed to  the  Geological  Society  of  London,  Dr.  Dawson  remarked 
that  the  Arisaig  Eozoon  was  different  from  that  of  Canada ;  that 
the  Eozoon  Bohemicum  belonged  to  a  formation  more  recent  than 
the  Laurentian,  and  that  the  Arisaig  Eozoon  did  not  prove  the 
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rocks  to  be  Laarentian.  Vide  printed  abstract  of  the  proceedings 
of  the  Geological  Society  of  London. 

I  do  not  regard  the  discovery  of  Elozoon  as  the  only  evidence  of 
the  Laarentian  age  of  the  Arisaig  rocks.  I  consider  that  relative 
position,  in  connection  with  lUhological  character,  must  have  some- 
thing to  do  with  the  determination  of  their  age.  Besides,  is  it  not 
possible  that,  as  there  appear  to  be  new  different  species  of  Eozoon 
oelonging  to  different  countries  and  different  ages,  that  there  may 
be  different  species  in  different  countries,  but  still  of  the  same  age, 
and  still  that  the  Nova  Scotian  species  is  still  Laarentian. 

Another  extract  from  Prof  Hind's  letter :  Ejr.  Hunt  says,  in 
his  letter  already  referred  to,  "  A  line  from  the  Laurentian  of 
Malignant  Cove  (Arisaig)  to  that  in  Newfoundland,  will  pass 
through  Cape  Breton,  and  we  can  now  look  for  limestone  and 
Eozoon  there."  Is  it  not  possible  that  the  thought  may  have  oc- 
curred to  some  one  else  besides  Dr.  Hunt  ?  Perhaps  Dr.  Hunt  has 
forgotten  something  that  happened  during  the  Exhibition  in  Paris 
of  1867.  He  came  into  the  Nova  Scotian  Court,  accompanied  by 
Prof  Lesley  of  Philadelphia ;  he  found  among  the  polished  speci- 
mens of  marble  a  green  one  which  arrested  bis  attention ;  he  asked 
where  it  came  from,  and  was  told  that  it  came  from  Cape  Breton, 
(having  been  furnished  by  Mr.  Hendry  already  referred  to.)  This 
specimen  also  attracted  the  attention  of  Prol  Wyville  Thompson, 
an  Eozoonal  unbeliever,  who  was  a  member  of  the  Litemational 
Jury;  he  said  that  it  had  Eozoonal  structure ;  he  wished  to  have  it 
and  got  it ;  he  took  it  to  London  where  it  made  no  small  stir  among 
the  believers  in  the  Eozoon,  and  gave  occasion  for  a  little  ingen- 
ious explanation  on  the  part  of  Dr.  Hunt ;  so  I  was  informed. 

Anotner  extract  from  rroi.  Hind's  letter :  "  It  is  thus,  that  Dr. 
Honeyman's  opinions  have  been  beautiftdly  verified,  but  it  would 
have  greatly  enhanced  the  gratification  which  Dr.  Honeyman  must 
feel  if  the  announcement  hSA  been  made  a  year  and  a  half  ago." 

As  might  be  expected  this  observation  caused  some  excitement 
in  Gabriel  street.  In  order  to  rebut  the  above  implied  charge, 
doubtless,  Dr.  Hunt  finds  fault  with  me  for  not  expressing  my 
views,  relative  to  the  age  of  the  rocks  in  question,  in  my  official  re- 
port. I  answer,  I  studiously  avoided  expressing  any  opinion  on 
controverted  points  in  my  report,  and  made  it  a  simple  record  of 
facts.  As  far  as  I  recollect,  I  mentioned  the  discovery  of  the  rocks 
sirnplhiter.  It  appears  that  my  alleged  silence  is  considered  by 
Dr.  Hunt  as  "  simply  incomprehensible.'^'^  I  think  I  can  bring  the 
matter  to  the  level  of  the  comprehension  of  even  a  less  acute  per- 
son than  Dr.  Hunt.  I  have  already  shown  that  the  term  silence^  if 
meant  literally,  is  not  a  proper  term  to  use  in  the  case,  as  I  have 
not  been  silent  on  the  subject.  If  by  silence  he  means  that  I  had 
not  addressed  a  communication  on  the  subject  to  any  scientific  So- 
ciety or  Journal,  until  the  publication  of  Pro£  Hind's  letter.  Dr. 
Hunt  has  hit  the  mark.  My  defense  is,  I  had  not  been  able  on 
account  of  the  inclemency  of  the  weather  and  lateness  of  the  sea- 
son, to  examine  the  rocks  in  a  manner  so  thorough  and  satisfactory 
as  was  desirable ;  I  did  not  think  there  was  any  great  hurry  in  the 
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matter,  as  I  did  anticipate  the  great  discoveries  of  my  exceUent 
friend  Pro£  Hind.  I  have  not  yet  had  the  desired  opportonity, 
and  yet  I  have  had  to  write  on  the  subject :  first,  to  the  Geological 
Society  of  London  at  the  reqaest  of  I^ro£  Hind ;  second,  to  the 
American  Journal  of  Science,  at  the  instigation  of  Dr.  Hunt, 

2.  Descriptions  of  Fossils  collected  hytheU,S.  Geological  Surt>ey 
tmder  the  cJiarge  of  Clarence  King^  Esq.  (Proc.  Acad.  Nat  ScL, 
Philad.,  No.  1,  1870). — ^Mr.  Mebk  premces  his  numerous  descrip- 
tions of  new  species  by  the  followmg  observations,  addressed  to 
Prof  Joseph  Leidy. 

I  send  herewith,  to  be  presented  for  publication  in  the  Proceed- 
ings of  the  Academy,  descriptions  of  a  few  of  the  fossils  brought 
in  by  the  United  States  Geological  Survey  under  the  direction  of 
Clarence  King,  Esq.  You  will  please  state,  in  presenting  the  paper, 
that  the  Trilooites  described  in  it  from  Eastern  Nevada,  are  i&fsk- 
dedly  Primordial  types,  and,  so  far  as  I  know,  the  first  fossils  of 
that  age  yet  brought  in  from  any  locality  west  of  the  Black  Hills. 
Mr.  King's  collections  also  establish  the  fact  that  the  rich  silver 
mines  of  the  White  Pine  district  occur  in  Devonian  rocks,  though 
the  Carboniferous  is  also  well  developed  there.  The  Devonian 
beds  of  that  district  yet  known  by  their  fossils,  seem  mainly  to 
belong  to  the  upper  part  of  the  system.  Mr.  K!ing,  however,  has 
a  few  fossils  from  Pinon  Station,  Central  Nevada,  that  appear  to 
belong  to  the  horizon  of  the  Upper  Helderberg  limestone  of  the 
New  York  series. 

The  Tertiary  fossilB  described  in  this  paper,  from  the  re^on  of 
Hot  Spring  Mountains,  Idaho,  came  fi-om  an  extensive  and  inter- 
esting fresh-water  Lacustrine  deposit,  and  are  all  distinct  specific- 
ally, and  some  generically,  from  all  the  other  Tertiary  fossils  yet 
brought  from  the  figir  west  Two  of  the  species  belong  to  the  ex- 
isting California  genus  Carinifex,  or  some  closely  aOied  group, 
while  another  beautifully  sculptured  species  was  thought,  by  Mr. 
Tryon,  to  whom  I  sent  a  specimen  of  it,  to  be  possibly  a  tnie 
JUelania^  and  allied  to  existing  Asiatic  forms. 

It  is  an  interesting  fact,  that  among  all  of  our  fresh-water  Ter^ 
tiary  shells  from  this  distant  internal  part  of  the  Continent,  nei- 
ther the  beaks  of  the  bivalves,  nor  the  apices  of  the  spire  in  the 
univalves,  is  ever  in  the  slightest  degree  eroded ;  even  the  most 
delicate  markings  on  these  parts  being  perfectly  preserved,  if  not 
broken  by  some  accident  From  this  fact  it  may  be  inferred  that 
the  waters  of  the  lakes  and  streams  of  this  region,  during  the 
Tertiary  epoch,  were  more  or  less  alkaline,  as  is  the  case  with  many 
of  those  there  at  the  present  day. 

These  descriptions,  as  well  as  others  that  I  expect  to  send  you 
soon,  are  merely  preliminary  and  will  be  re-written,  and  presented 
with  fidl  illustrations,  now  m  course  of  preparation,  in  Mr.  Bang's 
report  of  his  survey. 

3.  Discovery  of  a  Mastodon. — On  Friday  last,  Mr.  Fletcher  Cor^ 
rell,  a  farmer  residing  one  and  one-half  miles  southeast  of  Illiopo- 
lis,  in  this  county,  was  digging  a  well  upon  his  place,  when,  at  the 
d^th  of  about  four  feet  trom  the  sur&ce,  he  struck  a  hard  sub- 
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stance,  at  first  supposed  to  be  a  stone  or  piece  of  wood  imbedded 
in  the  earth ;  but  upon  digging  farther,  it  was  discovered  to  be 
the  remains  of  a  mastodon. 

The  bones  were  in  a  fair  state  of  preservation,  and  exhibited  a 
dark,  spongy,  porous  appearance.  One  of  the  tusks,  which  was 
broken  in  removing  it  from  its  long  resting  place,  proved  to  be, 
when  measured,  nearly  ten  feet  in  length,  and  twenty  nine  inches 
in  circumference  three  feet  from  the  lower  end.  The  other  tusk, 
and  the  main  portion  of  the  skeleton,  are  now  being  lifted  from  the 
earth,  and  will  probably  be  added  to  the  collection  of  fossils  now 
being  made  by  our  state  Geologist,  Professor  Worthen. 

The  part  of  this  huge  creature  which  was  exhibited  in  our  office 
in  the  presence  of  Professor  Worthen,  was  a  piece  of  the  lower  left 
jaw,  about  two  feet  in  length,  and  at  least  the  same  in  circum- 
ference. It  contained,  in  a  fine  state  of  preservation,  one  of  the 
great  jaw-teeth. — Daily  State  Journal^  of  Springfiddy  lUinois^ 
Sept  1.    Received  from  C.  L,  Conkling, 

4.  Description  of  the  Cavern  of  Bruniqad^  and  its  organic  Con- 
tents ;  by  Professor  Owen.  Part  I,  Human  and  Equine  Remains. 
66  pp.  4to,  with  six  plates.  (Phil.  Trans.,  1870 ;  communicated 
to  the  Royal  Soc,  June,  1864). — Professor  Owen,  after  describing 
the  human  remains,  draws  from  them  the  following  conclusions : 

"  They  exemplify  the  distinctive  characteristics  of  the  human 
genus  and  species,  as  decidedly  as  do  the  corresponding  parts 
of  the  present  races;  they  show  most  affinity  with  the  oldest 
Celtic  types,  the  cranium  being  oval,  and  rather  dolicho-  than 
brachy-cephalic  in  its  general  proportions ;  the  cranial  capacity  or 
brain  corresponds  with  that  of  uneducated  Europeans  of  Celtic 
origin,  and  exceeds  that  of  the  average  Australian  aboriginals." 

Some  of  the  bones  accompanying  the  human  remains — those  of 
the  deer  especially — ^are  covered  with  drawings,  representing  the 
heads  of  horses  and  showing  much  artistic  skill ;  and  from  these 
draughtsmen  of  the  cave-dwelling  people,  we  thus  learn  that  the 
horse  of  the  era,  Equus  spelceus,  had  short  pointed  ears,  and  that 
the  stallions  had  beard-like  hairs ;  and  from  the  antler  of  a  rein- 
deer, found  in  another  cavern,  that  of  La  Madelaine,  in  Dordogne, 
we  have  the  additional  fact  that  the  tails  of  these  early  horses 
were  short  and  furnished  with  long  hairs  to  their  base,  having 
"  Cauda  undique  setosa,"  instead  of  "  cauda  extremitate  setosa," 
a  fact  repeated  seven  times  on  the  antler.  The  horse  is  of  the 
same  species  that  occurs  in  certain  quaternary  beds  in  France,  for 
example,  those  near  the  Tour  de  Juvillac,  Ptly-de-Dome,  and 
belongs  to  the  restricted  genus  JEJqims^  and  not  to  that  including 
the  zebra  and  ass  (Asinits).  Prof.  Owen  concludes  with  the  fo^ 
lowing  paragraph : 

"  No  satisfactory  evidence  of  an  aboriginal  feral  JSqutis  caibaUtis 
has  yet  been  obtained  by  the  Naturalist.  No  specimen  of  such 
exists  in  any  Museum.  The  doubts  expressed  oy  Forster  and 
Pallas  as  to  the  alleged  wild^  horses  of  the  Ukraine,  viz :  that  they 
might  be  descendants  from  strayed  domestic  horses,  have  not  yet 
been  cleared  up.     I  believe  the  illustrations  contained  in  the  pres- 
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ent  paper  to  be  the  best^,  if  not  sole,  evidences  of  the  wild  origi- 
nals of  some  of  our  domesticated  breeds.  Like  the  alleged  wUd 
horses  of  Prussia,  those  of  Aquitaine,  in  the  time  of  the  flint^ 
armed  hunters  and  cave-dwellers,  were  doubtless  "  shy  and  difficult 
of  capture,  but  very  good  venison." 

The  above  memoir  is  followed  by  another,  under  the  same  cover, 
entitled  Supplementary  Remains  of  JSquines  from  Central  and 
South  America  referable  to  Equus  conversidens  Otr.,  Ekjuus  tau  Ow,y 
and  Equus  arcidens  Ous.  In  this  paper  Professor  Owen,  besides  dis- 
cussing the  characters  of  the  different  kinds  of  fossil  horse  in  the 
regions  referred  to,  treats  of  their  relations  to  the  extinct  genera 
Macrauchenia^  Nesodon^  and  Toxodon^  and  illustrates  the  subject 
with  numerous  figures  on  six  lithographic  plates.  He  observes 
that  according  to  the  facts  made  out,  the  most  ancient  Equines  of 
the  South  American  continent  present  modifications  of  the  upper 
molars,  and  more  especially  of  the  lower  molars,  which  supply  an 
additional  link  between  the  Equines  with  other  perissodactyle 
Ungulates,  and  the  group  including  Toxodon  and  the  other  genera 
above  mentioned. 

5.  The  North  American  Lakee  as  Chronometers  of  Post-glacial 
time, — Dr.  E.  Andeews,  the  author  of  this  paper,  noticed  at  p.  264 
of  this  volume,  states,  in  a  recent  letter,  that  his  method  of  calcu- 
lation eliminates  the  error  alluded  to  in  the  notice,  due  to  the 
wearing  away  of  the  sands.  He  says  that  in  the  calculation,  "  the 
first  element  is  the  age  of  the  lower  beach,  which  is  obtained  by 
ascertaining  the  age  of  its  cotemporary  terrace  of  erosion ;  this 
settles  the  approximate  age  of  the  lower  beach  without  liabilitv 
to  error  from  attrition  of  sand.  The  age  of  the  upper  beaches  is 
deduced  by  comparison  of  their  relative  masses  with  the  lower. 
Now  as  the  attrition  was  going  on  at  about  the  same  rate  at  all 
ages,  the  relative  loss  bv  attrition  would  be  strictly  proportioned 
in  all  the  beaches,  and  then  so  far  as  time  is  concerned  would  be 
unchanged." 

6.  Descriptions  of  new  Fbssil  Shells  of  the  Upper  Amazon ;  by 
T.  A.  Conrad,  (Am.  J.  of  Conch.,  Oct.  10,  1870).— Mr.  Conrad 
describes  several  species  of  shells  from  the  deposit  at  Pebas,  on 
the  Amazon,  visited  by  Prof.  Orton,  (see  p.  294  of  this  volume). 
They  ipclude  a  number  of  species  of  Pachydon^  Gabb,  and  a 
bivalve  near  Mullena^  besides  gasteropods  of  the  genera  Is<ha 
Conrad,  JSemisinus,  Dyris  Conrad,  Neritina^  Bulimus,  The 
Bulimus  is  the  only  land  shell  in  the  collection.  The  species 
"  may  have  lived  either  in  fre.  h  or  brackish  water,  but  are  certainly 
not  of  marine  origin."  They  appear  to  be  all  extinct,  and  if  so, 
they  "  cannot  be  later  than  the  Tertiary." 

7.  RestortUionof  aFlyingDrago7i^miOT^\ioAon  macronyx  O,) 
from  fossil  remains  in  the  Lias-cliffs  of  Dorsetshire  ;  by  Prof. 
OwKN,  F.R.S.  (Pages  463-502  of  Pal.  Soc.  volume  for  1869).  With 
two  plates.  London,  1870. — ^Prof  Owen's  memoir  contains  a  full 
and  detailed  account  of  this  remarkable  Pterosaur,  and  illustrates 
it  by  admirable  lithographs.  He  does  not  agree  with  Mr.  H.  G. 
Seefey  with  regard  to  the  relations  of  Pterosaurs  to  Birds. 
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8.  BemarJeB  on  I^of.  Owen^s  Monograph  on  Dimorphodon;  by 
H.  G.  Sbelbt,  F.G.S.,  (from  the  Ann.  Mag.  Nat  Hist.,  Aug.,  1870. 
24  pp.) — ^Mr.  Seeley  in  this  paper  presents  his  objections  to  the 
views  of  Pro!  Owen  on  the  Dimorphodon. 

9.  Geological  Charts, — ^The  second  edition  of  von  Dechen's  gen- 
eral geological  chart  of  Germany,  France  and  England  and  the 
adjoining  countries,  was  published  at  Berlin  in  1860,  and  a  geo- 
lo^cal  chart  of  Germany  oy  the  same  able  author  in  1870. 

The  Royal  "  Comitato  Geologico,"  of  Italy  have  announced  that 
they  will  publish,  the  coming  year,  a  small  geological  map  of  Italy. 

10.  Carte  Qiologique  du  veraant  Occidsntai  de  VOuraX ;  by 
Val^bibn  de  M5LLBB.  1869.  Scale  Trv.Vinr-  A  beautiful  colored 
geological  chart  of  the  Western  or  European  slope  of  the  Urals. 

11.  JSecond  AnntuU  Report  upon  the  Geology  and  Mineralogy 
of  the  State  ^Ifew  Hampshire;  by  C.  H.  Hitchcock,  Prof  Geo! 
and  Min.  in  Dartmouth  College.  88  pp.  Bvo.  Manchester,  N.  H. 
1870. 

HL    BOTANY  AND  ZOOLOGY. 

1.  Martins^  Flora  JBrasUiensis :  fasc.  xlix,  Cyatheaceo^^  Poly- 
podiacecB.  Exposuit  J.  G.  Bakkb. — ^The  other  suborders  of  Filler 
were  worked  up  by  J.  W.  Sturm,  and  were  published  in  1859.  Tp 
illustrate  the  different  ways  in  which  these  two  fern-authors  regard 
species,  one  may  look  at  the  genus  Aneimiay  of  which  Mr.  Baker 
in  the  "  Synopsis  Filicum "  recognizes  but  twenty-six  species  for 
the  whole  world,  while  Sturm  describes  not  less  than  thirty-one 
species  peculiar  to  Brazil,  besides  thirteen  common  to  Brazil  and 
some  otner  countries,  and  five  more  not  yet  reported  from  Brazil, 
but  likely  to  be  found  there.  Mr.  Baker  seems  to  diminish  the 
number  of  species  at  every  step ;  many  that  were  recoenized  in  the 
"  Synopsis  '^  being  reduced  to  synonyms  in  the  wore  now  under 
consideration.  E^r  instance,  tfomarta  JJ^IIemiinieri  and  X. 
lanceolataj  placed  in  different  groups  in  the  Svnopsis,  are  now 
made  into  one  species.  So,  too,  JBlechnum  Fendieri  is  joined  to  JS. 
longi/oliumy  ana  Polypodium  (Ph^opteris)  rigidum  to  Aspidium 
acuhaJium.  Gymnogramme  calornelanos  swallows  up  G.  tartarea^ 
having  long  ago  digested  G.  chrysophylla^  Massoni^  Peruviana^ 
&c.,  and  many  other  such  instances  might  easily  be  pointed  out. 
But  all  this  reduction  seems  to  have  been  done  only  after  patient 
study  over  many  specimens,  and  it  is  gratifying  to  see  this  em- 
phatic protest  agamst  the  flood  of  new  species  with  which  we  are 
deluged  by  continental  authors.*    The  author's  industry  and  re- 

*  The  publication  in  Linnsa  by  Dr.  Kuhn  of  manusoript  names  left  bj  the  late 
Dr.  MettenioB.  many  of  which  the  maturer  judgment  of  the  latter  would  doubt- 
less have  withheld,  gives  to  Botany  several  hundred  **  new  species ;"— a  few  ex- 
amples of  them  fiom  une  genus,  by  no  means  a  large  one.  are  subjoined. — Pdiaa 
intermedia,  founded  on  Mr.  Wright's  New  Mexican  No.  826,  is  said  to  be 
*'  perhaps  a  hybrid  between  P.  eagitkUa  and  F.  flexuoMiy"  forms  which  in  all  prob- 
ability both  belong  to  P.  eordata;  FeUosa  myrtiU^olia^  is  the  Qiilian  form  of 
F.andromedafoUa;  FeUasa  mioiophyUa  is  the  new  name  for  the  New  Mexican 
specimens  of  P.  pulchelfa,  and  FeUota  glabella  rests  upon  St.  Louis  and  Wisconsin 
specimens  of  P.  ahropurpiHrea,  with  an  unusually  glabrous  sUpe  a|id  rhachia. 

Am.  Joub.  8oi  — Sboond  Sbbim,  Vol.  L,  Na  UOi— 4lov.,  ISflQ, 
27 
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search  have  unearthed  a  few  long  buried  and  forgotten  names  for 
well  known  ferns: — Pteria  geranicBfolia'Rs^^dx  (1825)  was  found 
by  Dr.  Kuhn  to  be  the  same  as  Pteria  Pofdiana  of  R-esL  (1822), 
and  now  we  must  go  back  twelve  years  more  to  Pteris  eoncolor 
Langsdorff  and  Fisher  (1810^.  Can  any  one  find  a  yet  more  an- 
cient name  for  it  ?  It  is  gratifying  to  see,  in  a  note,  that  the  Afri- 
can CheilarUhea  Kirkii  is  now  confessed  to  be  probably  an  adian- 
topsoid  variety  of  this  same  species,  the  only  difference  being  in 
the  interrupted  instead  of  contmuous  involucre. 

Synonymy  given  by  Mr.  Baker  is  ample  without  being  profuse : 
the  characters  are  well  drawn  up,  and  the  descriptions  clear. 
There  are  several  pa^es  of  letter  press  devoted  to  the  geographical 
distribution  of  Brazilian  Cytheaceae  and  Polypodiacese.  If  the 
orders  elaborated  by  Dr.  Sturm  could  have  been  included  in  the 
notes  and  tables  relating  to  geographical  distribution,  it  would 
have  been  very  acceptable  to  Ptendologists,  but,  as  Mr.  Baker  re- 
marks, the  former  suborders  were  written  xmder  such  a  very  differ- . 
ent  theory  of  species  that  they  could  not  be  joined  with  the  present 
ones  in  any  kind  of  synoptical  table.  There  are  thirty-eightplates 
of  Nature-printed  fragments  of  Fern-fronds,  borrowed  from  Etting- 
shausen,  and  thirty-two  more  cut  on  stone,  from  drawings  by  Fitch, 
Hipsley  and  Eunze,  with  a  single  one  done  under  the  eye  of  Dr. 
Eichler  at  Munich.  d.  c.  e. 

Oxford  Botaniats  is  the  theme  of  a  discourse  pronounced  by 
Prof.  Lawson,~the  successor  in  the  professorial  chair  of  the 
worthies  he  commemorates, — at  the  recent  Congress  held  at  Ox- 
ford by  the  Royal  Horticultural  Society.  The  history  begins 
with  the  foundation  of  the  Botanic  Garden  by  Henry  Eari  of 
Danby,  in  1632,  and  with  the  installation  of  Jacob  Bobart^  the 
first  curator.  It  gives  a  biography  of  Dr.  Moriaon  the  first  pro- 
fessor, appointed  in  1669 ;  of  his  successor,  Jacob  Pobart^  the  sec- 
ond ;  of  Ihr.  Sherard^  or  "  Sherwood "  who  re-endowed  the  chair, 
and  of  DiUenitia  whose  appointment  he  provided  for  in  his  will ; 
of  Dr,  Sumphrey  Sibthorp^  the  next  incumbent,  and  his  dis- 
tinguished son,  -Dr.  John  Sibthorp^  who  succeeded  his  father  in 
1784,  and  died  at  the  age  of  38  in  1T96,  bequeathing  new  endow- 
ments and  the  foundation  of  the  associated  chair  of  Rural  Economy, 
after  providing  for  the  publication  of  the  sumptaous  Flora  Grcpca. 
His  successor  Dr,  WtUiama  is  mentioned ;  and  an  interesting  no- 
tice of  the  late  incumbent  and  patron,  Dr,  Daubeny^  brings  down 
the  history  to  the  present  time. 

Dr.  Hasskarl,  who  has  long  been  studying  the  CommelynacecB^ 
has  just  issued  a  monograph  of  the  Indian  species,  especially  of 
the  Archipelago,  with  occasional  genera  and  species  of  other  parts 
of  the  wond ;  an  octavo  of  182  pages,  published  at  Vienna.  Even 
in  this  partial  representation  of  the  order  over  forty  genera  are  ad- 
mitted !  Some  valuable  criticisms  of  Dr.  HasskarPs  work  in  this 
order  will  be  found  in  a  paper  by  Mr.  Clarke,  mentioned  below. 

The  Journal  of  the  lAnnean  Society^  Nos.  54,  65,  issued  to- 
gether in  September  of  this  year.  The  first  and  the  most  import- 
ant, as  well  as  the  longest,  article  is 
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A  Hevision  of  the  Genera  and  Species  of  Herbaceous  Capsular 
Gamophyllous  LHiaceoe^  by  J.  G.  Baksb,  F.L.S.,  «fec.  Tlie  ad- 
jectives here  employed  distinctly  limit  the  portions  of  the  great 
Liliaceous  family,  to  which  Mr.  Baker  here  devotes  himself.  That 
he  intends  to  go  through  the  order  in  this  way  seems  probable, 
and  it  is  desirable.  In  treating  incidentally  of  the  limitation  of 
IdliacecBj  he  refers  without  quahfi cation,  to  "  characters  whidh  are 
universally  regarded  as  of  ordinal  value,  in  the  extrorse  anthers, 
separated  styles  and  septicidally  dehiscent  capsules  of  Volchi- 
cacecBy^^  apparently  under  the  impression  that  these  characters  and 
their  converse,  run  harmoniously  parallel  throughout.  The  excep- 
tions, however,  which  have  already  been  noted  and  placed  upon 
record,  and  the  way  in  which  some  of  these  opposed  characters 
blend,  may  upon  consideration  show  that  so  complete  a  separation 
is  hardly  practicable;  and  indeed  the  attempt  has  been  aban- 
doned by  at  least  three  botanists  already,  two  of  them  authors  of 
British  Floras,  and  of  whose  views  Mr.  Baker  would  be  likely  to 
be  particularly  well-informed.  Helonias  and  Ghamcelirium^  on 
one  hand,  are  loculicidal  in  dehiscence,  while  some  near  Japanese 
relatives  of  Helonias  have  united  styles,  and  Tofieldia  has 
introrse  anthers.  Then  the  two  elements  which  constitute  ex- 
trorsion  or  introrsion  of  the  anthers  may  not  coincide.  The  anthers 
of  UvulaHa^  being  adnate,  are  plainly  extrorse,  yet  the  lines  of 
dehiscence  are  almost  exactly  lateral  If,  then,  we  regard  the 
fixation  rather  than  the  lines  of  dehiscence  as  the  more  essential, 
IMium  itself  comes  into  the  category  of  extrorse  anthers  (as  first 
noticed,  long  ago,  by  Dr.  Chapman),  for  its  anthers  are  extrorsely 
attached  although  slightly  introrsely  dehiscent.  Medeola  is  m  the 
9ame  case,  while  TriUium  is  nearly  as  in  Uvtdaria.  Mr.  Baker 
brings  the  plants  he  deals  with  under  27  genera,  including  our  JSes- 
perocaUiSy  which  had  escaped  notice  when  the  Clavis  was  printed. 
As  to  this  very  rare  and  little-known  plant,  he  expresses  a  natural 
doubt  as  to  Its  generic  distinctness  from  HemerocaUis^  which  in- 
habits a  widely  distant  part  of  the  world.  We  are  now  able  to  state 
that,  like  HemerocaUls^  the  blossoms  open  in  the  morning  and  close 
at  night.  This  is  on  the  authority  of  Mr.  Schott,  who  proves  to  have 
been  the  first  discoverer  of  the  plant.  Moreover,  which  is  of  more 
consequence,  "he  collected  and  has  supplied  us  with  the  "  bulb."  It 
really  is  a  tunicated  bulb  ;  and  so  the  genus  falls  out  of  the  tribe 
HemerocaUideoBy  and  seemingly  into  Mr.  Baker's  Odontostemonece^ 
for  which  we  would  like  to  have  Mr.  Baker  substitute  the  name  of 
HesperocaUidem.  Our  Airther  interest  in  this  revision,  as  regards 
N.  American  Botany,  centers  in  Brodicea  and  its  allies.  In  this 
^enus  he  (as  well  as  Dr.  Hooker,  in  Bot  Mag.)  retains  the  remarka- 
ble Brevoortia  of  Mr.  Wood,  which,  it  appears,  was  first  collected 
by  the  late  Mr.  Lobb ;  and  he  follows  up  tne  idea  which  this  species 
suggested  by  reducing  Torrey's  Stropliollrion  likewise  to  Brodicea, 
On  the  other  hand  he  departs  firom  Bentham's  view,  and  refers  all 
the  hexandrous  species,  and  we  suppose  justly,  to  MiUa,  which 
swallows  up  Triteteia^  CaUiproray  ana  even  JETesperoscordum.    The 
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latter  name  ie  accidentally  printed  Mesperoeordium  m  the  conspec- 
tus ;  and  further  on,  Hespefroacordium.  The  latter  is  perhaps  an 
intended  (and  a  laudable)  innovation,  as  it  is  hard  to  pronounce 
the  original  name,  as  must  needs  be,  with  the  accent  on  the  penult 

On  me  CommdynaceoB  of  Bengal^  by  C.  B.  Clarke;  another  pa- 
per in  this  fasciculus  of  no  small  importance  for  the  correct  under- 
standing of  the  characters  of  these  aifficult  ptonts. 

Notes  on  some  Algoefovnd  in  the  North  Atlantic  Ocean,  by  Dr. 
Dickie.  The  results  of  the  examination  of  the  contents  of  a  bottle 
which  was  filled  in  the  midst  of  the  Atlantic,  lat  12°  N.,  long.  21** 
40'  W.  There  Capt.  Mitchell,  on  the  24th  Nov.  1867,  found  a 
patch  of  sea,  12  or  14  miles  across,  closely  studded  with  a  green 
substance,  some  of  which  he  gathered.  It  is  thought  to  have  been 
wafted  there  from  the  American  side  by  the  GuBHStream  and  the 
African  current.  The  principal  interest  to  us  is  in  the  following 
Statement : — 

"  The  substance  thus  picked  up  by  Capt.  iMitohell  was  in  excel- 
lent condition,  and,  besides  three  Algm^  contained  nnmeroos 
fWigments,  more  or  less  decayed,  of  wood,  both  endogenous  and 
exogenous ;  seedling  plants  several  inches  long,  aU  wim  a  pcMr  of 
cotyledons,  roots,  and  terminal  Imd,  quite  fresh  ;  ^mall  fruits  par- 
tially decayed,  evidently  one-seeded  legumes;  intermixed  were 
various  microscopical  Crustacea,  and  a  conmion  oceanic  insect,  one 
of  the  JSydrodromidece,  genus  Sialobates  ;  on  some  of  the  pieces  of 
drift  wood  were  numerous  elliptical  ova,  of  a  deep  orange  color, 
mixed  wiUi  which  was  growing  the  smallest  of  the  three  Algie 
BOW  to  be  described." 

Lea'oes  do  not  absorb  moisture  from  the  atmosphere  in  the  state 
of  vapor,  according  to  a  series  of  elaborate  experiments  by  Ungw, 
and  afterward  by  Buchartre, — some  of  which  were  published  seve- 
ralyears  ago,— confirmed  recently  by  those  of  PriUieux. 

Tlie  latter  reaches  this  conclusion  upon  ascertaining  that  when  a 
leafy  branch,  flaccid  from  evaporation,  is  suspended  in  moist  air 
^  and  recovers  its  freshness — as  every  one  knows  it  promptly  does 
— ^it  does  not  gain  in  weight,  but  even  loses.  The  same  occurs  with 
leaves  fomished  with  petiole,  the  cut  end  sealed  with  wax.  The 
conclusion  is  that  the  moisture  by  which  the  foliage  is  freshened 
comes  not  from  the  surrounding  air  but  from  the  lower  part  of  the 
branch,  or  from  the  leaf-stalk,  the  upper  and  foliaceous  parte  gain- 
ing at  the  expense  of  the  lower.  To  test  this,  let  the  experiment 
be  tried  with  single  leaves  destitute  of  leaf-stalk.  Duchartare  made 
a  portion  of  his  experiments  with  epiphytes,  both  Orchids  and 
Bromeliacew,  and  concluded  that  the  same  applied  to  the  aerial 
roots  as  well  as  the  foliage.  There  was  no  gam  in  weight  except 
when  Uquid  water  reached  the  leaves,  roots,  or  other  portion  of 
the  surface,  when  absorption  was  promptly  indicated  by  increase 
in  weight :  and  it  appeared  that  tnis  ansorption  of  liquid  water 
hardly  took  place  by  the  leaves  unless  these  were  immersed  Ofr 
kept  long  and  thoroughly  wet  This  again  corresponds  wiA  some 
oUer  experiments  which  went  to  show  that  synnged  foHage  did 


Digitized  by  VjOOQ  IC 


Botany  md  Zoology.  4^ 

not  absorb  the  liquid.  As  to  aqueous  vapor,  there  being  free 
communication  by  the  stomata  between  the  air  outside  of  the  leaf 
and  that  within  its  intercellular  spaces  and  passages,  and  the  thin 
walls  of  the  parenchjrma-cells  freely  allowing  vapor  of  water  to 
pass  out,  it  is  .very  difficult  to  believe  that  it  will  not  equally  pass 
inward  under  appropriate  conditions.  Hence  we  cannot  yet  re- 
gard the  question  as  concluded.  The  editor  of  the  Gardeners* 
Chronicle  (Sept.  17)  pertinently  suggests  that  ^4t  does  not  appear 
to  have  been  remembered  that  the  density  of  aqueous  vapor  is  very 
much  less  than  that  of  dry  air.  If  the  latter  be  estimated  at  1000, 
that  of  ai^ueous  vapor  is  625  only, — a  circumstance  that  ought  to 
be  taken  mto  consideration  in  such  experiments.''  But  if  leaves 
continue  so  to  absorb  aqueous  vapor,  they  ought  to  condense  or 
appropriate  it,  along  with  carbonic  acid  gas,  and  so  increase  mani- 
festly in  weight. 

An  Elementary  Course  of  Botany^  Structural^  Physiological  and 
Systematic^  by  the  late  Pro£  Henfiney,  which  was  originaUy  pub- 
lished (by  Van  Voorst)  in  1857,  is  thb  year  reproduced  in  a  second 
edition,  "  revised  and  in  part  rewritten  "  by  I>r.  Maxwell  T.  Mas- 
ters, F.RS.,  Ac. — ^The  death  of  Prof.  Henfrey,  while  still  a  young 
man,  was  a  sad  loss  to  physiological  botany  in  Great  Britain.  As 
a  vegetable  anatomist  ne  was  becoming  truly  eminent.  Our  esti- 
mate of  the  value  of  this,  his  last  work — on  the  whole  very  fa- 
vorable—was recorded  at  the  time  in  a  somewhat  extended  review 
of  it  in  the  number  of  this  Journal  for  November,  1857  (voL  xxiv, 
Up.  434-440.) 

The  preparation  of  a  seccmd  edition  could  hardly  have  been  con- 
signed to  oetter  hands  than  those  of  Dr.  Masters,  who  has  evinced 
special  aptitude  for  morphological  work,  which  was  not  Pro!  Hen- 
ney's  forte.  The  alterations  and  additions  by  the  present  editor 
are  not  specially  indicated :  those  which  we  have  discovered  are 
well  adapted  to  bring  the  work  up  to  the  time,  and  to  render  it  a 
valuable  text-book,  oxxt  we  are  oound  to  maintain  that  it  might 
have  been  more  thoroughly  ^'  revised  and  rewritten "  to  great  ad- 
vantage. It  could  hardly  be  expected  that  criticisms  made  a 
dozen  years  ago,  and  on  this  side  of  the  Atlantic,  would  come  un- 
der the  notice  of  a  recent  editor,  yet  it  is  curious  to  observe  that, 
out  of  a  series  of  more  than  twenty  misapprehensions  or  errors  in 
detail  (individually  of  small  moment,  no  doubt),  which  were  indi- 
cated in  this  Journal,  chiefly  in  the  morphological  part,  all  but  two 
(and  one  of  these  a  grsunmatical  slip)  stand  unaltered  in  the  new 
edition.  The  sole  alteration  is  in  the  statement  which  attributed 
axillary  tendrils  to  the  Vine.  We  do  not  include  some  criticisms 
of  another  order,  relating  to  mere  theoretical  points,  upon  which 
views  which  have  lon^  prevailed  are  retained ; — such,  for  instance, 
as  that  which  unquestionin^ly  regards  the  so-called  radicle  of  the 
embryo  as  root,  although  m  one  part  of  the  work  its  nature  as 
hypocotyledonary  stem  is  implied  in  a  particular  instance.  That 
this  part  of  the  embryo  represents  the  nrst  joint  of  stem  is  a  doc- 
trine which  seems  to  be  ignored  in  England,  but  generally  ac- 
cepted out  of  it.  A.  Q. 
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2.  AnatomiMh-Sf/stemcOtsche  Beschreibung  der  Alcyofuxrien, 
Erste  Ahtheilung ;  die  Pennatuliden^  erste  Jadlfie^  von  A«  K5l- 
LiKEB.  Qaarto,  with  ten  plates.  Frankfort,  1870. — ^There  are 
very  few  groups  in  the  animal  kingdom  which  have  been  more 
carefully  studied,  during  several  years  past,  than  the  Halcyonoid 
Polyps,  or  concerning  which  our  information  has  more  rapidly  in- 
creased, both  in  respect  to  their  structure  and  the  number  and 
variety  of  their  forms.  The  Pennatulacea,  especially,  have  been 
carefully  studied  and  described  by  several  able  naturalists,  and 
the  number  of  species  has  been  increased  to  an  extent  that  is  truly 
surprising,  considering  the  very  few  species  known  a  dozen  years 
ago,  and  their  comparative  rarity.  Numerous  species  and  genera 
were  made  known  in  the  works  of  Herklots,  Bleeker,  Richiardi, 
and  others.  But  in  this  work  Prof  Kdlliker  has  undertaken  a 
complete  revision,  both  anatomical  and  descriptive,  of  the  entire 
ffroup,  and  in  the  part  already  published  has  added  a  great  num- 
ber of  new  and  interesting  forms.  His  work  is  of  greater  interest 
from  the  fact  that  he  has  been  able  to  examine  the  collections  in 
nearly  all  the  principal  museums  of  Europe,  including  the  types  of 
most  previous  writers. 

This  first  part  includes  an  anatomical  description  of  the  whole 
group,  with  an  analytical  table  of  the  classification  adopted,  while 
most  of  the  volume  is  devoted  to  very  careful  and  elaborate  an- 
atomical descriptions  of  the  genera:  Pteroddes^  Godeffroyia  (nov.), 
SarcophyUumy  Pennatula^  Leioptilum^  Ptilosarcus  and  Haliscep- 
trum^  and  their  included  species,  of  which  a  large  proportion  are 
admirably  illustrated.  In  the  genus  Pteroeides  43  species  are  de- 
scribed, of  which  29  are  regarded  as  new,  although  a  few  of  them 
are  probably  identical  with  some  of  those  described  in  the  nearly 
contemporary  work  of  Richiardi,  (we  have  not  learned  the  precise 
date  of  either).  Numerous  varieties  of  some  of  the  species  are 
also  named  and  carefully  described.  The  polymorphic  forms  of 
the  polyps  in  all  the  genera  and  species  are  thoroughly  discussed 

The  following  is  the  classification  adopted: 

First  Tribe,  Pennatule^  ;  Second  Tribe,  Rbnillaobji  ;  Third 
Tribe,  Vbretillid^. 

Tbibe,  Pbnnatitlb^. 

Ist  Family,  Penniformes.^ 

1st  Subfamily,  Pteboidin^,  including  the  genera  Pteroeides 
Herkl.,   Oodeffroyin  K5ll,  SarcophyUnm  K(^ll. 

2nd  Sub-family,  Pennatultn^,  including  Pennattda  L^  Leiop- 
tiUum  Verrill,  Ptilosarcus  Gray,  Halieceptrum  HerkL 

2nd  Family,  Vibgulabie^,  including  Virgularia  Lam.,  Stykh 
tulaYernWy  Pavonaria KMl.,  ScytcUium  Herkl.,  JFlimeti/tna Lama., 
Halipteris  Kdll.  v. 

3.  The  JSxtemal  and  Internal  Paraeites  of  Man  and  Domestic 
Animals;  by  A.  E.  Vebbill.  140  pp.  8vo,  85  wood-cuts.  (From 
the  Report  of  the  Connecticut  Board  of  Agriculture),  Hartford, 
1870.— The  first  part  of  this  work  is  devoted  to  the  external  para- 
sites and  contains  descriptions  of  the  various  species  of  fleas,  lice, 
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ticks,  bot-flies,  bed-bugs,  mites,  and  aoari,  often  troublesome  to  our 
domestic  animals,  as  well  as  to  man  himself^  together  with  ac- 
counts of  their  habits,  effects,  and  remedies.  Several  pages  are 
also  devoted  to  introductory  remarks  on  the  structure  of  insects 
and  their  classification.  ^ 

The  second  part  is  devoted  to  the  internal  parasites,  and  con- 
tains a  general  account  of  the  parasitic  worms,  and  their  classifica- 
tion, a  series  of  lists  of  those  found  respectively  in  man,  the  dog, 
cat,  sheep,  cattle,  horse,  hog,  and  poultry ;  and  detailed  descrip- 
tions of  the  forms,  anatomy,  metamorphoses,  habits,  effects,  and 
remedies  of  some  of  the  most  important  species,  many  of  which  are 
illustrated  by  wood-cuts.  Among  those  most  fully  discussed  are 
the  Trichina  spiralis;  the  pork  and  beef  tape-worms  of  man ;  the 
Taenia  comurus  or  water-brain  of  sheep ;  the  T  echinoeoccus  or 
hydatids  of  man,  sheep,  etc. ;  the  Fasciola  /lepatica  or  liver-fluke 
of  sheep  and  cattle ;  the  Syngamtis  trachealis  or  gape-worm  of 
chickens,  etc.,  and  many  others  of  importance. 

4.  On  the  Eared  Seals  ( Otariadce),  with  detailed  descriptions  of 
the  North  Pcuiific  species  ;  by  J.  A.  Allen.  Together  toith  an  aO' 
count  of  the  Habits  of  the  Northern  Fur  Seal  { CaUorhinus  ttrsp- 
nus) ;  by  Charles  Bryant.  108  pp.  8vo,  with  three  plates.  From 
the  Bulletin  of  the  Museum  of  Comparative  Zoology,  voL  ii,  no.  1. 
Cambridge,  Mass.,  August,  1870. — ^This  is  a  very  interesting  and 
important  contribution  to  our  knowledge  of  the  seals  of  the  Pacific 
and  Southern  oceans.  It  includes  a  r^sum6  of  the  recent  literature 
of  the  subject ;  a  chapter  on  the  afiinities,  distinctive  characters, 
variations  due  to  age  and  sex,  etc.,  and  a  conspectus  of  the  senera 
and  species ;  detailed  descriptions  of  Eumetopias  SteUeri  Jreters, 
based  on  two  perfect  skins  and  two  ligamentary  skeletons ;  of  Zalo' 
phus  OiUespii  Gill,  based  on  two  skulls :  and  of  Callorhinus  ursi^ 
nus  Gray,  based  on  six  skins  and  four  complete  and  two  incom- 
plete skeletons,  representing  both  sexes  and  the  young  and  old. 
Mr.  Bryant  contributes  a  very  full  and  interesting  account  of  the 
habits  of  the  last  species,  with  descriptions  of  the  islands  that  they 
inhabit,  the  modes  of  capture,  etc.  Much  information,  some  of  it 
new,  is  also  given  from  various  other  sources,  concerning  the 
habits  of  this  and  the  other  species.  The  geographical  distribu- 
tion of  the  family  is  also  discussed  on  page  42.* 

The  plates  and  several  wood-cuts  are  devoted  chiefly  to  the 
skulls  and  teeth.  y. 

6.  Record  of  American  JEntomoloy  for  tJie  year  1869.  Edited 
bv  A.  S.  Packard,  Jr.,  M.D.  NaturaUst^s  Book  Agency,  Salem, 
Mass. — This,  like  the  Record  for  1868,  is  a  work  that  should  be  in 
the  hands  of  every  entomologist  who  hopes  to  keep  up  with  the 

*  It  is  here  stated  that  '*the  habitat  of  no  species,  so  far  as  certainly  known, 
quite  reaches  the  tropics,"  but  a  skull  of  Oiariajvhata  in  the  Harvard  Anatomical 
Museum  labeled  as  from  "  Arica,  Peru."  is  mentioned,  with  a  doubt  as  to  the  oor- 
rectnesH  of  the  locality.  I  may  add  that  in  the  Museum  of  Yale  College  there  is  a 
lar^e  adult  skull  of  the  same  specieB,  collected  by  Prof.  F.  H.  Bradley  much  far- 
ther north,  at  Zorritos,  Peru  6iboiit  lat  6**  S.)  where  the  marine  fauna  is  emi- 
nently tropical  and  nearly  identical  with  that  of  Panama. — ^A.  B.  v. 
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progress  of  the  scienoe.  It  contains  references  to  the  writings  of 
fifty-two  authors,  with  indicat»>ns  of  the  species  referred  to,  in- 
cluding 395  described  during  the  year  as  new,  in  American  works. 

6.  Antero-posterior  Syvmrnetry^  with  special  reference  to  the  Mu^ 
dee  of  the  Limbs;  by  Eixiorii  Coubs,  A.M.,  M.D.,  Ph.D. — ^Dr. 
Cones  takes  up  the  idea,  well  illustrated  by  Dr.  Jefl^ee  Wyman, 
of  antero-posterior  polarity  in  the  animal  system,  and  points  oat 
the  fects  sustaining  it  in  the  Muscles  of  the  Limbs.  His  valuable 
discussion  of  the  subject  runs  through  the  several  recent  numbers 
of  "  The  Medical  Record,''  ^published  in  New  York),  fipom  June  1 
to  September  1 ;  Article  v,  m  the  series,  is  contained  in  the  last 
mentioned  number. 

7.  On  the  Hypothesis  of  ^oluiion;  by  Edwabd  D.  CJopb. 
^rom  Lippincott's  Magazine,  for  July,  Aug.  and  Sept,  1870.) — 
JProf  Cope  has  brought  an  extensive  knowledge  of  science  to  bear 
on  the  question  of  evolution  in  animal  life,  and  presents  some 
original  views.  The  subject  is  too  large  a  one  for  discussion  in 
this  place. 

rv.  ABTBONoinr. 

1.  Mements  of  the  new  planet  Ate;  by  Dr.  C.  H.  F.  Pbtsss. 
(Commanioated  by  the  author  in  a  letter  dated,  Litchfield  Observ- 
atory of  Hamilton  College,  Clinton,  N.  Y.,  October  23d,  1870. — 
The  following  elements  of  the  planet  Ate  (111)  were  derived  from 
intervals  of  18  days,  viz:  from  observations  of  Aug.  14,  Sept  1 
and  19  :— 

Epoch:  1870.    Sept  0*0.     Berlin  mean  time. 
Mo=:  206°  17'  21"-0 
n  z=  122    68      7-3     ) 
Q  =  306  26  28-4    V Mean Equ.  18700. 
t=      6      1   21-4    ) 
9=      6   49   10-6 
lA  =2  868"-392 
loga=:  0*4108808. 
They  represent  an  observation  obtained  last  night  still  within  a 
few  seconds. 

V.   MISCELLANEOUS  SCIENTIFIC  INTELLIGENCE. 

I.  On  tTie  Chemistry  of  the  Bessemer  process. — ^The  following 
is  an  abstract  of  the  paper  on  the  Chemistry  of  the  Bessemer  pro- 
Cess,  read  before  the  American  Association  for  the  Advancement 
of  Science,  at  its  Troy  meeting,  by  Lieut.  C.  R  Button,  U.  S.  A. 

After  some  general  statements  concerning  the  chemical  compo- 
sition of  crude  pig  iron.  Lieutenant  Dutton  passed  to  discuss  the 
theoretical  changes  possible  when  air  is  brought  in  contact  with  it 
hi  a  melted  state.  According  to  his  view,  the  silicon  is  first  oxyd- 
ized,  then  the  phosphorus,  next  the  manganese  and  sulphur,  and 
lastly,  the  carbon.     Chemically,  there  is  nothing  new  in  the  Bee- 


Digitized  by  VjOOQ  IC 


MiaoeUanecus  Intelligence.  48S 

semer  process ;  it  may  be  said  to  be  ''  the  employtaent  of  entirely 
new  mechanioal  methods  and  appliances  for  effecting  old  and 
fietmiliar  reactions."  The  process  itself  was  then  mmutely  de- 
scribed.  Since  the  sulphur  is  but  partially  removed  and  the  phos^ 
phorus  not  at  all,  the  iron  selected  must  be  free  from  these  sub- 
stances. It  must  also  contain  at  least  two  per  cent  of  silicon. 
This  iron  is  melted  in  a  cupola  furnace,  run  into  the  converter — 
a  charge  bein^  1 2,000  pounds — and  the  blast  turned  on.  "  The  first 
change  is  in  me  oxydation  of  iron  and  silicon.  The  silicon  l>e- 
comes  silicic  acid  and  enough  of  the  iron  oxydizes  to  satisfy  the 
affinities  of  the  acid  and  does  not  decompose  during  the  remain- 
der of  the  blast.  It  is  during  this  stage  of  the  conversion  that 
the  remarkable  heat  of  the  conversion  is  developed.  It  will  be 
remembered  that  when  silicon  oxydizes,  it  takes  up  three  equiva- 
lents of  oxygen.  Carbon  takes  up  only  one  in  this  process,  be- 
coming carbonic  oxyd.  It  is  a  common  error  to  suppose  that  any 
very  great  quantity  of  heat  is  generated  by  the  combustion  of  the 
carbon, — that  is,  as  compared  with  that  derived  from  the  silicon. 
*  *  *  The  heat  generated  by  the  silicon  burning  to  silicic  acid 
will  be  found  by  the  application  of  the  coefficients  and  formulsB 
of  the  mechanical  theory  of  heat,  to  be  from  two  and  one-half  to 
three  times  greater  than  that  generated  by  the  bummg  of  the 
earbon  to  carbonic  oxyd.  Another  circumstance  of  importance  is 
that  the  silicic  acid  remains  as  a  dense  fluid  in  the  converter,  no 
part  of  its  heat  being  lost,  except  such  as  is  carried  out  of  the 
converter  by  the  atmospheric  nitrogen ;  and  none  is  rendered  la- 
tent by  converting  it  into  vapor ;  while  the  carbon  is  vaporized,  a 
physical  change  absorbing  much  heat,  and  the  vapor  thus  formed 
IS  carried  out  of  the  converter  at  a  very  high  temperature.  Hence 
will  be  seen  the  necessity  of  employing  irons  containing  high  per- 
centages of  silicon.  At  least  two  per  cent  of  this  element  is  essen- 
tial, any  less  quantity  being  insufficient  to  generate  heat  enough 
to  keep  the  iron  thoroughly  liquid  and  fluent  until  the  end  of  the 
casting  procesa  It  is  often  asserted  that  irons  for  Bessemer  con- 
version must  be  *  gray  irons,'  as  they  are  caUed ;  L  e.,  irons  rich  in 
carbon.  Now,  although  this  happens  as  a  rule,  to  be  true  enough, 
it  is  apt  to  lead  to  misapprehension.  The  fact  that  Bessemer  pig 
irons  are  carbonized  varieties  is  an  accident,  and  not  an  essentiid 
feature.  What  is  essential  is  that  it  should  contain  a  large  quan- 
tity of  silicon,  and  very  little — ^indeed,  the  least  possible — of  sul- 
phur, phosphorus,  and  manganese.  Now,  a  pig-iron  containing 
much  silicon  and  no  sulphur  or  manganese,  is  pretty  sure  to  coi^ 
tain  a  high  percentage  of  carbon,  as  all  smelters  are  aware.  This 
fact  is  a  feature  of  the  blast-furnace,  and  almost  without  excep- 
tion.  If  an  iron  could  be  produced  with  much  silicon,  a  little  car- 
bon, no  phosphorus,  it  woidd  I  think,  be  not  altogether  unsuited 
to  the  Bessemer  treatment.  In  a  word,  the  quantity  of  carbon  Ib 
approximately  immaterial,  except  so  far  as  it  implies  proper  con- 
ditions with  respect  to  other  ^ementa  The  main' element  required 
is  the  silicon  and  not  the  carbon."  Of  phosphorus, ''  the  arch- 
enemy of  the  iron-maker,  but  the  very  scourge  and  pestilence  of 
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the  steel-maker,*' — fifteen-tboufiandths  of  one  per  cent  raining 
Bessemer  metal  past  all  remedy, — Lieut.  Dutton  «aid :  "  I  have 
already  ventured  the  opinion  that  phosphorus  increases  its  affinity 
for  iron  with  every  increase  of  heat ;  at  least  relatively  if  not  ab- 
solutely. The  fact  seems  to  be,  absolutely.  If  we  accept  it,  we 
can  instantly  explain  what  seem,  otherwise,  to  be  many  anoma- 
lies and  contradictions.  It  will  explain  to  us  why,  in  the  great 
heat  of  the  blast-furnace,  it  leaves  every  other  combination  and 
enters  the  iron ;  why,  in  the  much  lower  heat  of  the  puddling  fur- 
nace it  seems  to  waver  between  staying  with  the  iron,  or  forming 
a  new  alliance  with  oxygen,  ready  to  choose  either,  at  the  influence 
of  any  third  substance  which  may  affect  the  question ;  why  in  the 
Bessemer  process  it  clings  to  the  iron  with  a  desperate  tenacity 
which  notning  seems  able  to  resolve.  These  three  facts,  then,  are 
all  of  them  formidable :  1st.  That  a  minute  quantity  of  phosphorus 
is  capable  of  working  terrible  injury,  and  that  it  is  omnipresent 
throughout  nature ;  2d.  That  whatever  quantities  of  it  are  charged 
into  uie  blast-furnace,  as  fuel,  flux,  or  ore,  are  almost  wholly  ccm- 
centrated  in  the  resulting  pig-iron ;  and  3d.  That  no  portion  is 
eliminated  in  the  Bessemer  converter."  The  sudden  change  of  the 
flame  at  the  close  of  the  conversion  Lieut  Dutton  thus  eimlained : 
"  When  two  combustibles  are  intermixed,  like  oxygen  and  hydro- 
gen, or  hvdrocarbon  gas,  it  is  well  known  that  the  relative  pro- 
portion or  the  two  elements  in  the  mixture  influences  the  readiness 
with  which  they  combine.  Thus  oxygen  and  hydrogen  cannot 
combine  explosively  unless  their  proportions  lie  within  certain 
definite  and  rather  narrow  limita  May  not  the  same  law  hold 
^ood  in  the  present  case  ?  It  is  certain,  or  nearly  certain,  that  the 
iron  either  does  not  oxydize  in  the  bath  during  the  blow,  except 
in  quantity  sufficient  to  furnish  a  base  for  the  acids  present ;  or,  if 
it  oxydizes  beyond  that,  it  is  immediately  reduced  again,  leaving 
little  or  no  free  oxyd  of  iron  in  the  bath.  ^But  after  the  change  cm 
flame  all  this  is  reversed  and  iron  oxydizetj  rapidly  and  freely,  and 
remains  undecomposed,  while  the  residual  traces  of  the  other  ele- 
ments as  suddenly  cease  to  oxydize  rapidly.  I  freely  grant  that 
in  referring  this  back  to  what  is  supposed  to  be  a  conceded,  but 
unexplained  law,  we  are  merely  putting  the  question  in  another,  a 
more  general,  and  more  abstract  shape : — still  it  is,  in  a  qualified 
sense,  an  explanation."  The  theory  of  the  action  of  the  spiegel- 
eisen,  run  in  after  the  blast  is  stopped  is  next  discussed,  and  also 
the  quality  of  the  metal  produced,  which  Lieut  D.  calls  a  "  cast 
wrought-iron."  The  paper  closed  with  some  comparisons  of  Bes- 
semer with  other  metal,  and  a  discussion  of  the  uses  for  which 
Bessemer  metal  is  most  valuable.  g.  f.  b. 

2.  EarthguaJce  of  October  20^A,  1870. — On  Thursday  morning, 
Oct  20th,  an  earthquake  vibration  was  felt  throughout  Canada, 
and  the  northern  part  of  the  United  States  from  Maine  to  Iowa. 
It  seems  to  have  been  more  severe  in  Canada  and  in  New  England. 
In  many  places  the  shock  was  sufficient  to  throw  down  chimnies, 
crack  the  walls  of  buildings,  and  do  other  damage.  It  was  re- 
markably severe  for  the  region  of  country  visited. 
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At  New  Haven,  as  well  as  in  many  other  places^  there  were  two 
distinct  series  of  vibrations.  Prot  Twining  has  carefully  collected 
information  from  several  persons  as  to  the  time  of  the  occurrence 
and  duration  of  the  vibrations.  The  beginning  of  the  first  shook 
was  at  11''  19°*  46*  a.  h.  New  Haven  mean  tima  It  lasted  ten 
seconds,  and  its  individual  vibrations  were  about  two-|l)irds  of  a 
second  in  duration,  or  one  and  one-third  second  for  a  complete 
double  vibration.  After  an  interval  of  five  seconds  there  was 
a  second  series  like  the  first,  lasting  eleven  seconds. 

The  motion  was  not  a  simple  oscillation  bat  there  was  a  rocking 
motion,  indicating  a  vertical  component  in  the  movement  of  the 
earth.  The  vibrations  were  not  severe  enough  to  arrest  universal 
attention,  though  multitudes  felt  a  peculiar  sensation  without  re- 
cognizing  the  cause.  The  direction  of  the  vibration  was  N.N.E. 
and  S.S.W. 

At  Cambridge,  Mass.,  according  to  Prof.  Winlock,  the  direction 
was  about  10®  north  of  east,  as  determined  by  the  jippearance  of 
the  sides  of  a  vessel  containing  milk. 

Mr.  Farmer,  at  Boston,  gives  ll**  26"*  37"  for  the  time  of  the 
ending  of  the  vibrations,  Cambridge  mean  time.  This  would 
imply  that  the  shock  reached  Boston  a  minute  and  three-fourths 
earlier  than  New  Haven. 

At  Cleveland,  Ohio,  several  clocks  were  stopped  by  the  earth- 
quake, each  indicating  very  nearly  10**  46™  a.  m.  This  is  approxi- 
mately the  instant  at  which  the  shock  reached  New  Haven. 

It  is  reported  that  the  shock  reached  Quebec  30  seconds  before 
it  did  Montreal,  the  telegraph  operator  of  the  former  city  being  in 
the  act  of  inquiring  of  the  operator  in  the  latter  one  respecting 
the  earthquake  when  it  arrived  at  Montreal  These  data  seem  to 
show  that  the  general  progress  of  the  wave  was  from  North  to 
South. 

Slight  vibrations  were  felt  as  far  south  as  Richmond,  Va.,  and 
as  far  west  as  Dubuque,  Iowa.  h.  a.  n. 

3.  Kansas  Natural  History  Society. — (From  the  Secretary  of 
the  Society.) — The  third  annual  meeting  or  this  Society  was  held 
in  Lawrence,  Kansas,  the  first  week  in  September,  in  the  Univer- 
sity Building.  Gen.  John  Fraser,  President  of  the  State  Univer- 
sity, delivered  a  lecture,  the  first  evenin^^  of  the  session,  '^  On  the 
Aims,  Organization  and  Advantages  of  Scientific  Associations," 
in  which  he  recommended  an  enlargement  of  the  scope  of  the  So- 
ciety to  cover  the  whole  field  of  scientific  observation  and  investi- 
gation. On  the  following  evening  Rev.  John  H  Barrows,  of  Ar- 
vonia,  delivered  an  address  in  the  Presbyterian  church  on  ^'  Hugh 
Miller,  or  The  Workingman's  Education."  At  the  close  of  the 
lecture  President  Fraser,  who  spent  his  youth  in  Cromarty,  gave 
some  personal  recollections  of  the  great  geologist. 

The  following  papers  were  read  before  the  Society :  "  A  Cata- 
logue of  all  the  Plants  of  Kansas,  as  far  as  observed,"  by  Prof. 
J.  H.  Carruth,  of  Lawrence.  The  catalogue  contains  about  600 
species — 30  being  added  by  members  of  the  association.  "  On  the 
Fishes  of  the  Kansas  River,  aa  observed  at  Lawrence,"  by  Prot 
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F.  H.  Snow,  of  Lawrence.  This  paper  describes  27  species  of  fisk 
"  On  the  Internal  Heat  of  the  Earth,"  by  Rev.  John  D.  Parker,  of 
Burlington.  ^'  On  a  Comparison  of  the  Coals  of  Ejuiaas  with  oth^* 
Western  Coals,"  by  Pro£  Wm.  H.  Saunders,  M.D.,  of  Lawrenoe. 
"  On  the  Saurian  Formation  and  Moss  Agate  of  Kirasas,"  by  Pro£ 
6.^.  Mud^e,  of  Manhattan.  Pro£  Mudge  exhibited  to  th^  Soci- 
ety some  ime  specimens  gathered  during  his  recent  visit  to  the 
Rockv  Mountains,  among  which  was  a  fine,  well-preserved  Saurian. 

Officers  of  the  Society  for  the  current  year:  Gen.  John  Fraser^ 
President ;  B.  F.  Mudge,  Vice  President ;  John  D.  Parker,  Secre- 
tary and  Librarian ;  Frank  H.  Snow,  Treasurer;  B.  F.  Mudse and 
F.  U.  Snow,  Curators.  Curators  of  Departments :  B.  F.  Mudge, 
Creology ;  F.  H.  Snow,  Entomology ;  W  m.  H.  Saunders,  Chemia- 
try ;  John  D.  Parker,  Meterologv ;  J.  H.  Carruth,  Botany. 

4.  Corrections  of  errata  in  the  "  Notes  on  the  structure  of  the 
Crinoidea^  cfcc" — In  page  226,  in  the  20th  line  from  the  top,  for 
^^  SpcenoniteSy^  read  "  Spha^onites  ;^^  page  228,  in  the  6th  line,  for 
"Miller,"  read  MtUler  f  page  230,  in  the  17th  line  for  "ovo-«ial," 
read  "  oro-anal ;"  in  page  232,  for  "  Crinoidea,"  read  "  paleozoic 
Crinoidea;"  and  in  page  233,  11th  line,  for  "  interradial,"  read 
"  internal"  I  desire  also  to  express  my  obligations  to  Pro£  Alex- 
ander Winchell,  State  Geologist  of  Michigan,  and  to  Mr.  Chariea 
Waohsmuth  of  Burlington,  Iowa,  for  their  kind  assistance  in  lend- 
ing me  a  large  number  of  beautifully  preserved  specimens. 

S.  BILUNGS. 
OBrriTABT. 

Capt.  James  Psbbbsbn,  whose  name  is  associated  with  numer- 
ous new  and  rare  species  of  corals,  echinoderms,  shells,  etc,  de» 
scribed  in  this  Journal  and  elsewhere,  as  well  as  with  the  very 
extensive  collections  which  he  has  contributed  to  the  Museum  of 
Tale  College,  and  of  which  portions  have  been  distributed  to 
many  other  Museums,  both  in  this  country  and  in  Europe,  died  in 
San  Francisco,  Aug.  19th.  He  was  bom  at  Christiania,  Norway, 
February  24th,  1811.  His  father,  Sars  Pedersen,and  his  ancestors 
for  several  generations,  were  sea-faring  men,  and  he  seems  to  have 
early  developed  the  same  taste.  In  1822,  and  for  several  years 
subsequently,  he  sailed  in  his  father's  vessels  between  Christiania 
and  Copenhagen,  and  by  his  visits  to  the  celebrated  museums  and 
galleries  of  the  latter  city,  he  acquired  a  taste  for  the  rare  and 
curious  in  nature  and  art,  which  in  later  years  led  him  to  become 
an  enthusiastic  and  intelligent  collector  of  objects  of  Natural 
History.  In  1828-9  he  studied  navigation  and  took  his  diploma, 
and  afterward  sailed  to  St.  Petersburg.  In  1830  he  came  to  this 
country,  and  subsequently  made  New  York  his  home.  He  sailed 
for  19  years  between  New  York  and  Havana,  New  Orleans,  Vera 
Cruz,  Honduras,  etc.,  but  in  1849  he  took  his  vessel  to  Califoniia, 
and  since  then  has  spent  most  of  his  time  in  various  parts  of  the 
Pacific  and  Indian  Oceans,  bein^  for  some  time  on  the  South 
American  coast,  and  some  years  m  China  and  Japan.  The  last 
years  of  his  life  were  spent  at  La  Paz,  Lower  California,  where  he 
engaged  to  a  considerable  extent,  in  the  pearl  fishery,  and  from 
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whence  he  sent  the  extensive  zoological  collections  which  adorn 
the  Museum  of  Yale  College.  These  collections  are  no  doubt  the 
largest  that  have  ever  been  made  in  the  Gulf  of  California,  and 
when  fully  described  will  add  greatly  to  the  knowledge  of  that 
rich  fauna.  He  was  obliged  to  leave  La  Paz  last  December,  on 
account  of  failing  health  and  the  excessive  heat,  but  after  his 
arrival  in  San  f'rancisoo,  was  still  mindful  of  the  interests  of 
science,  and  continued  to  send  valuable  collections  as  oft^i  as  he 
was  able.  He  was  a  thoroughly  temperate.  Christian  man,  who 
has  done  much  in  his  humble  way,  to  advance  science.  His  collec- 
tions will  be  an  enduring  moTmment  to  his  memory. 

Dr.  W.  A.  Mtllbb,  the  author  of  "  Miller's  Elements  of  Chem- 
istry," and  of  various  memoirs  on  chemical  subjects  published 
in  the  Philosophical  Transactions  and  elsewhere,  died  at  Liver- 
pool, of  apoplexy,  on  t^e  80th  of  September.  He  was  bom 
at  Ipswich  in  I>ecember,  1817.  In  1861  he  was  elected  Treasurer 
of  the  Royal  Society.  He  occupied  for  some  years  the  office  of 
President  of  the  Chemical  Society,  and  was  one  of  the  assayers  to 
the  Roval  Mint. 

Dr.  A.  Mattheissbn,  a  chemist  of  high  promise,  and  one  of  the 
examiners  of  the  University  of  London,  died  recently,  in  his  39th 
year. 

VI.    MISCELLANEOUS  BIBLIOGRAPHY. 

1.  Transactions  of  the  Connecticut  Academy  of  Arts  and 
Sciences^  Vol  H,  Part  I.  New  Haven,  August,  1870.  210  pp.  8vo, 
1  lithog.  plates.  Price  $3. — ^This  number  includes :  Notice  of  the 
Crustacea  collected  by  Prof  C.  F.  Hartt  on  the  coast  of  Brazil 
in  1867,  by  Sidney  L  Smith ;  On  the  Geology  of  the  New  Haven 
Region,  with  special  reference  to  the  origin  of  some  of  its  topo- 
graphical features,  by  James  D.  Dana ;  Notes  on  American  Crus- 
tacea, No.  1,  Ocypodoidea,  by  S.  L  Smith;  On  some  alleged 
specimens  of  Indian  Onomatopaeia,  by  J.  H.  Trumbull;  On  the 
Molluscan  fauna  of  the  later  Tertiary  of  Peru,  by  E.  T.  Nelson, 
Several  of  these  papers  have  already  been  noticed  when  the 
author's  copies  have  been  distributei  The  last,  illustrated  by 
two  plates,  IS  of  special  interest  as  throwing  some  light  on  the 
ancient  marine  fauna  of  the  Pacific  coast  of  Central  America,  and 
its  relations  to  that  of  the  existing  faunse  of  the  same  coast  and 
of  the  Atlantic  coast,  thus  aiding  in  solving  the  question  of  a 
connection,  more  or  less  ancient,  between  the  two  oceans  across 
the  Isthmus.  In  this  paper  numerous  new  species  are  described 
from  a  formation  very  nch  in  fossils  near  Zorritos,  Peru.  The 
formation  is  probably  of  *Miocene  or  even  earlier  age,  since  only 
one  or  two  species  appear  identical  with  living  forms,  but  the 
genera  are  nearly  all  identical  with  the  common  genera  now  living 
on  the  same  coast,  and  the  species  are  often  representative  of  or 
analogous  to  living  forms  of  the  same  region,  oeing  apparently 
much  more  nearly  related  to  the  existing  species  of  Panama,  than 
to  either  the  Miocene  or  living  species  of  the  West  Indies,       v. 
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2.  A  TVecUise  on  Elementary  Oeometry ;  by  Pro£  William 
Chauvenet.  Lippincott  &  Co.,  Philadelphia. — ^The  reputation  of 
Prof.  Chauvenet  in  science,  and  the  knowledge  of  his  experience 
as  a  teacher,  will  draw  peculiar  attention  to  this  work  upon  Ele- 
mentary Geometry. 

In  the  methods  of  demonstration  Prof  Chauvenet  resembles 
Legendre  more  than  Euclid,  though  he  differs  widely  from  both. 
He  uses  the  reductio  ad  absurdum  rarely,  and  the  various  modes 
of  superposition  quite  extensively.  In  his  treatment  of  ratios  he 
uses  algebraic  symbols.  The  difficulties  of  incommensurable  ratios 
are  met  by  the  early  introduction  of  the  idea  and  theory  of  limits. 
He  does  not  adopt  the  direction  theory  of  parallels,  believing  that 
it  does  not  meet  all  difficulties,  especially  in  solid  geometry.  He 
introduces  the  idea  of  loci  early  m  the  first  Book.  To  symtnetri- 
cal  figures  he  gives  special  place  and  importance.  He  adds  two 
appendices,  the  first  containing  exercises  upon  the  several  books, 
and  the  second  an  introduction  to  modem  geometry. 

As  a  preparation  for  the  study  of  the  theory  of  transversals  and 
other  branches  of  modem  Geometry,  the  introduction  of  algebraic 
symbols  in  elementary  demonstrations  is  of  great  value.  The 
modem  Geometry  has  greater  power  than  that  of  Euclid  for  two 
reasons :  first,  it  uses  the  plvs  and  mintia  of  algebra ;  and  second, 
it  implicitly  uses  the  roots  of  quadratic  equations,  real  and  imagi- 
nary. 

On  the  other  hand,  the  use  of  algebraic  symbols  in  elementary 
geometry,  has,  we  believe,  a  disadvantage.  The  statement  of  the 
steps  of  the  syllogism  is  not  so  lucid. 

The  introduction  of  the  idea  of  limits  early  in  geometry  is  a 
good  feature  of  the  work.  Students  have  in  decimal  fractions  and 
their  applications  been  accustomed  to  incommensurable  ratios,  and 
we  believe  that  such  early  use  is  not  premature. 

For  the  sake  of  discipline  in  clear  and  distinct  statement  and 
close  consecution  of  thought,  we  admit  a  special  liking  to  the  first 
six  books  of  Euclid.  But  Prof.  Chauvenet's  work  more  nearly 
satisfies  our  idea  of  a  good  geometry  than  any  other  modem  text- 
book. H.  A.  N. 

3.  GrrundzUge  einer  aUgemeinen  Theorie  der  Oberfldchen  in  $yn- 
thetischer  Behandlung;  von  Ludwig  Crkmona,  Translated  into 
German  by  M.  Curtze.  Berlin,  1870.  (S.  Calvary  &  Co.)— This 
volume  is  ostensibly  a  translation  of  the  memoirs  of  the  distin- 
guished Italian  Geometer,  but  it  is  in  fact  much  more.  Rather 
more  than  half  of  the  volume  is  new  matter,. added  by  Prof  Cre- 
mona, or  under  his  supervision. 

The  work  is  an  extension  to  surfaces  of  Prof.  Cremona's  method 
of  dealing  with  plane  curves,  as  shown  in  his  memoir  published 
by  the  Bologna  Academjr,  Introduzione  ad  una  teoria  geometrioa 
deUe  curve  piane.  This  important  work  had  previously  been  trans- 
lated by  M.  Curtze  into  German. 

These  German  translations  render  Cremona's  important  contri- 
butions to  pure  Geometry  much  more  accessible  than  they  are  in 
the  original  Italian.  h.  a.  n. 
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4.  A  historical  and  descriptive  narrative  of  the  Mammoth  Cave 
of  Kentucki/y  including  explanations  of  the  causes  concerned  in 
its  formation,  its  Atmospheric  conditions,  its  Chemistry,  Geology, 
Zoology,  etc. ;  with  full  scientific  details  of  the  eyeless  Fishes ;  by 
W.  Stump  Norwood,  M.D.  225  pp.  12mo,  with  illustrations. 
Philadelphia,  1870.  (J.  B.  Lippincott  &  Co.) — All  future  visitors 
to  the  JMuimmoth  Cave  will  have  occasion  to  thank  Dr.  Norwood 
for  the  service  he  has  rendered  the  toui-ist.  The  book  contains 
several  interior  views  of  the  cave,  which  give  some  idea  of  the 
wonders  within,  although  a  very  inadequate  one.  They  should  be 
supplemented  by  a  good  map  of  the  extensive  windings  of  the 
cavern.  The  author  estimates  the  extent  of  the  various  avenues 
and  mazes  of  the  Mammoth  Cave  at  over  one  hundred  and  fifty 
miles.  An  instrumental  survey  would  probably  shorten  this 
assumed  distance,  but  we  know  from  our  own  wanderings  in  it 
that  its  extent  is  immense.  The  chapter  on  the  eyeless  fishes  is 
made  up  mostly  from  the  writings  of  Agassiz  and  Wyman,  and 
presents  the  facts  on  the  subject  in  an  attractive  form,  well  adapted 
to  instruct  and  interest  the  general  reader. 

6.  Tent  life  in  Siberia^  and  Adventures  among  the  Koraks 
and  other  IVibes  in  Northern  Kamtchxitka  and  Northern  Asia; 
by  George  Kinnan.  426  pp.  12mo,  with  a  map.  New  York, 
1870.  (G.  P.  Putnam  &  Sons,  London ;  S.  Low,  Son  and  Marston). 
— A  very  readable  and  instructive  narrative  of  travel  in  a  little 
known  region  of  the  globe,  is  this  neat  volume  of  Mr.  Kinnan's. 
The  costly  and  disastrous  enterprise  of  the  Western  Union  Tele- 

fraph  Company,  designed  to  establish  electncal  communication 
etween  America  and  Asia  through  Kamtchatka  and  Northern 
Asia,  has  been  by  no  means  fruitless  in  scientific  interest.  Already 
Messrs.  Whymple  and  Dall  have  given  us  instructive  and  valuable 
contributions,  upon  their  wandeiings  in  British  Columbia  and 
Alaska.  Mr.  Kmnan  makes  no  claim  to  any  special  devotion  to 
scientific  investigation,  but  his  narrative  gives  a  clear  and  lively 
account  of  the  physical  and  social  conditions  of  a  country  rarely 
visited,  and  fuil  of  curious  interest.  His  volume  well  repays 
perusal,  and  is  obviously  the  work  of  a  good  observer  and  carel^ 
nistorian,  who  is  never  tedious,  and  has  the  agreeable  art  of  carry- 
ing his  reader  along  with  him. 

6.  Report  of  the  Superintendent  of  the  Ul  8,  Coast  Survey^ 
showing  the  progress  qf  tJie  Survey  during  the  year  1867.  344  pp. 
4to,  with  28  maps. — ^This  volume,  besides  the  Report  of  the  Super- 
intendent, ProfPeirce,  contains,  among  the  articles  in  its  Appen- 
dix, a  Report  on  Transatlantic  determination  of  Longitude,  by  Dr. 
B.  A.  Gould ;  on  comparison  of  Meters,  by  Dr.  F.  A.  P.  Barnard 
and  M.  Tresca ;  on  a  new  form  of  Reflector  for  geodetic  signals, 
by  J.  E.  Hilgard ;  on  the  Tides  and  Currents  of  Hell  Gate,  by 
Henry  Mitchell ;  on  Soundings  in  the  Gulf  Stream,  by  H.  Mitch- 
ell ;  on  the  Fauna  of  the  Gulf  Stream,  by  L.  F.  Pourtales ;  on 
Alaska  Territory,  by  G.  Davidson ;  obituary  of  Alexander  Bache. 

7.  li'eatise  an  the  potoer  of  Water  as  applied  to  drive  Flour 
MiUs  and  to  give  motion  to  Turbines  and  other  Hydrostatic 
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JEngines  ;  by  Joseph  Glynn,  F.R.S.,  member  of  the  Institute  of 
Civil  Engineers  of  London,  etc.  8d  ed.,  revised  and  enlarged. 
162  pp.  12mo,  with  numerous  illustrations.  New  York,  1869. 
(D.  Van  Nostrand). — This  is  a  popular  and  practical  treatise  on 
water  as  a  motive  power.  It  is  simple  in  its  explanations  and 
mathematics,  and  is  well  illustrated. 

8.  Archives  of  Science  and  Transactions  of  the  Orleans  Co. 
Society  of  Natural  Sciences, — ^This  first  number  of  the  Arch- 
ives of  a  new  Natural  History  Society,  at  Newport,  Vermont, 
contains  the  following  papers  :  On  the  characters  and  customs  of 
the  Pawnees,  by  Rev.  T.  R  Ranney;  Qualitative  Analysis  ci 
the  Mineral  Springs  of  Essex  Co.,  Vt,  by  H.  A.  Cutting ;  on  the 
Indian  History  of  Northern  Vermont,  by  Wm.  W.  Grout,  Esq. ; 
Meteorolo^caf  register,  by  J.  M.  Currier;  on  a  new  mounting  for 
microscopic  objects,  H.  A.  Cutting. 

9.  ITie  American  Entomologist  and  Botanist. — ^This  St  Louis 
Journal  will  be  suspended  during  the  year  1871,  to  be  resumed 
with  the  commencement  of  the  following  year. 

1 0.  Geology  and  Revdatum^  or  the  Ancient  History  of  the  Earthy 
considered  in  the  light  of  Gedoaical  facts  and  Beveaied  rdigion^ 
with  illustrations;  by  the  Rev.  Gbbald  Molloy,  D.D.,  Pro£  TlieoL 
Roy.  Coll.  St.  Patrick,  Maynooth.  380  pp.  12mo.  New  York,  1870. 
(G.  P.  Putnam  &  Sons.)— A  handsome  American  edition  of  tifee 
excellent  work  notksed  at  page  151  of  this  volume. 

Zeitschrift  der  Oesterreichischen  G^esellschaft  fur  Meteorologie ;  redigirt  von  Dr. 
C.  Jelinck  uad  Dr.  J.  Hann.    4th  volume.    Yienna,  1869. 

Results  of  Astronomical  and  Meteorological  Observations  made  at  the  RaddJiTe 
Observatory,  Oxford,  in  the  year  1867,  under  the  superintendence  of  Rev.  Robert 
Kain,  M.A  ,  Radolifie  observer.    Vol  xzvil 

The  Portable  Transit  Instrument  in  the  Vertical  of  the  Pole  Star ;  translated 
from  the  original  memoir  of  Wm.  Dollen,  by  Cleveland  Abbe,  Director  of  the  (Sn- 
dnnati  Observatory.    48  pp.  8vo.    Washington,  1870. 

Annual  Report  of  the  Director  (0.  Abbe)  of  the  Oindnnati  Observatory.  20  pp. 
8vo.    June,  1870. 

Catalogue  of  known  species,  recent  and  fossil,  of  the  FamUy  Marglnellidae ;  by 
John  H.  Redfield.   66  pp.  8vo.  From  the  Annals  of  the  Lya  Nat.  Hi&  New  York. 

Catalogue  of  the  Birds  of  Chemung  Ca,  N.  Y. ;  by  W.  H.  Gregg,  M.D.  14  pp. 
8vo.    Elutira,  N.  Y.    From  the  Proceedings  of  the  Elmira  Academy  of  Somioea. 

Progebdixgs  AiiSB.  Philosophical  8oo.,  Philadklphia,  Vol.  XI,  Na  83. — 
p.  245.  Notices  and  descriptions  of  Fossils,  from  the  MMrvhall  group  of  the 
Western  States,  with  Notes  on  Fossils  from  other  formations;  A.  WinckelL — 
p.  261,  On  some  Etheostomine  Perch  from  Tennessee  and  Nonh  Carolma;  K  D, 
Cope. — p  271,  On  some  Reptilia  of  the  Cretaceous  formation  of  the  U.  S.;  E,  D, 
C^p^ — ^p.  '^i,  Extent  of  the  order  Pythonomorpha  in  the  Cretaceous  rocks  of  the 
U.  8. ;  E.  D.  Cope. — ^p.  385,  Fourth  contribution  to  the  History  of  the  Fauna  dT 
the  Miocene  and  Eocene  periods  of  the  U.  8. ;  K  D.  Cope. — ^p.  295.  Adocos,  a 
genus  of  Cretaceous  Emydidse ;  E,  D.  Cope. — ^p.  299,  Periods  of  certain  Meteoric 
Rings;  D.  Kirkwood. — ^p.  301,  Contributions  to  a  grammar  of  the  Mudrokee 
language;  D.  G.  Brinton. — ^p.  313,  Comparison  of  Mechanical  Equivalents; 
P.  R  Chase. 

BROGKBDiNes  AoADBMT  Nat.  Scl  Philadelpull,  No.  2,  1870.~p.  65,  Anom- 
alous organs  of  generation  in  a  hog;  J.  Leidy. — ^p.  65,  Fossil  Rhinoceros; 
J.  Leidy. — p.  66,  Remarks  on  some  Mammalian  remaios,  and  on  Hadrosaurus  and 
Thespesius ;  J.  Leidy. — ^p.  70,  Fossil  fishes  fh>m  the  Rod^y  Mts. ;  J.  Leidy. — p.  73, 
Fossil  Ruminant  from  Iowa ;  J.  Leidy.  Cranium  of  an  Owl ;  T.  H.  Stnels.^^  74, 
New  Saurian ;  J.  £d(ly.— ^Description  of  Orassh<4»per8  from  Golocado;  C  Thomas. 
•—p.  84,  Huxley's  Classification  of  Birds ;  T.  H.  Streets.^.  89,  A  new  Leech; 
J.  Leidy. — ^p.  92,  New  Fishes  from  the  Upper  Amazon  and  Ni^  rivers ;  T.  OiSL 
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Abbe,  G^  oonneetion  between  terrestrial 
temperature  and  solar  spots,  1,  345. 
Repaold  Cade,  iii,  207,  309. 
AM,  F.  A.,  gun-cotton,  iv,  288. 
Academy,  American,  Proceedings,  ui,l40; 
Iv,  296;  v,428. 

memoirs,  v,  428. 
medal,  ii,  136. 
notice  of,  Bentham,  It,  302. 
California,  Proceedings,  iii,  424 ;  t, 
144;  1,296. 
memoirs,  r,  261. 

Chicago,  museum  burned,  H,  136. 
notice  of,  i,  281. 
proceedings,  ii,  140. 
transactioni*,  v,  418, 427;  ix,  286. 
National,  i,  141,430; 
annual  of,  iy,  296. 
meetings,  ii,  431;  iii,  419;  iv, 
436;  y,  280;  yi,428;  iz,  439. 
memoirs,  ii,  287 ;  iii,  140. 
Philadelphia,  proceedings,  1 144^  431; 
ii,  140,  292 ;  iii,  140,  423 ;  iy,  296 ;   y, 
144,  428;  yi,  162;  yii,  162;  yiii,  298, 
461;  ix.444;  I  296,440. 
Paris,  new  members,  ix,  284. 
St  Louis,  Transactions,  ii,  140 ;  yi, 
288. 
Academy,  a  new  monthly,  yiii,  452. 
Acdiroatization  of  ostridi,  i,  109;  y,  72. 
of  the  salmon,  i,  109. 
in  Australia,  iii,  97. 
Acetyl   compounds    of    carbohydrates, 

Sck&iaienberger  and  Naitdin,  yiii,  414. 

Acetylene,  polymers  of,  Berihdot^  iii,  389. 

Adds,  aromatic,  synthesis  of,  (riifte,l,116. 

new  mixed,  CkUj  iy,  104. 

normal  and  deriyed.  Barker,  iy.  384. 

of  the  lactic  series,  Ihmkiand  and 


Adds,  organic,  synthesis  of,  Gartm,  iy, 

265. 

Adam,  Tableau  mineralogique,  ix,  119. 
Adame,  J.  J91,  minerals  at  Pelham,  it, 

271. 

AdhesiOQ  of  yapor,  Gibbe,  iy,  101. 
ifipyomis  of  Madagascar,  ix,  275. 
Aerolites,  see  MeteorUea, 
A&ica,  journey  into,  IH  ChmXkt,  i,  281. 

telegraph  by  sound,  i,  140. 
African  exploradcms,  Liyingston's,  ix,  14. 
Agassiz,  A,,  od  Acalephse,  noticed,  i,  431 ; 
ii,  132. 

notice  of  Edwards's  Oiseaux  foesiles 
de  la  France,  yii,  276. 
Embryology  of  Starfishes,  ii,  134 
young  staires  of  AnneUds,  ii,  427. 
Agassiz*s  Qeological  Sketches,  noticed,  i, 
407. 
Journey  in  Brazil,  noticed,  y,  288. 
Agricultural  chart  by  Delesse,  i,  429. 
Agriculture,  Beport  of  Commissioner  of^ 

1864,  i,  430. 
Ainoe  of  Yesso,  BUkmore,  y,  363. 

of  Saghalien  and  Kurile  Islands,  y, 
361. 

Air^rings,  yisible,  BoU,  yi,  260. 
Albertite,  origin  of;  Peckhamy  yiii,  862. 
Alcohol  itixa  castor  oil,  yii,  426. 
normal  amylic,  1,  416. 
iso-butyl,  conyereion  of,  into  tertiary 
pseudo-butyl  alcohol,  1,  114. 
octylic,  new  source  of,  yii,  426. 
tritylic,  by  fermentation,  yii,  426. 
Akxdids,  and  chlorinated  eth^v,  iii,  249. 
action  of  on  terohlorid  of  phospho- 
rus, iii,  389. 
Aldehyd  methylic,  Sk^finan,  y,  249. 
Alex<mder,  W.  Z>.,  crater  of  Haleakala, 

ix,  43. 
Alg»  in  hot  springs,  yi,  131. 

in  N.  Atlantic  ocean,  Dickie^  1,  428. 


Duppa,  iy,  268. 
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Alkalies,  test  for,  ▼,  255. 

Alkaloid,  on  a  new,  Ro$enHu^  yiii,  123. 

J.flon,  H.f  Gomparatiye  Anatomj   and 

Medical  Zoology  bj,  noticed,  Til,  149. 

AUen,  J.  A.f  Catalogue  of  Massachasetts 

Reptiles  and  BatradiianB  bj,  noticed, 

yii,  285. 

Eared  Seals,  noticed,  1,  431. 
Mammals  of  Massachusetts,  ix, 
134. 
AHoys,  Japanese,  PumpeOyy  ii,  43. 
Almanac,  Amer.  Nautical  for  1869,  t, 

284. 
Altitudes  in  British  America,  iv,  115. 
of  Mount  Hood,  iy,  429. 
of  Mount  WasWngton,  iv,  377. 
Amalgams,  NiclUk$j  ill,  96. 
America,  Rocks  of,  CaUm^  1,  135. 
American  Association  Ady.  Set,  meet- 
ing of,  ii,  287;  iv,  137,  431;  viii,  146, 
289;  1,  150,  286. 

Proceedings,  1866,  t,  144;  1866, 
vi,  151;  1867,  yi,  287;  1868,  vi,  148, 275. 
Chemist,  noticed,  1,  295. 
Entomologist,  noticed,  1,  282. 
Naturalist,  iU,   136,   284;  iy,  139; 
vi,  286. 

Philosophical  Soc.,  Philad,  Proceed- 
higs,  iii,  140,  424;  vii,  296;  ix,  288. 
Transactions,  i,  144. 
Ammonia,  nitrite  of,  LotWf  yi,  29. 
Ammonia-chromium  bases,  Clevty  ix,  251 
Ammonium-amalgam,  PfeQ  and  Leffman^ 
ii,  72. 

composition  of,  yii,  420. 
Amyl,  arsenate  of,  1,  14 

arsenite  of,  I,  20. 
Amvlene,  relation  of  oil  of  turpentine  to, 

Bauer  and  Veraon,  yiii,  416. 
Analyses  of  shells,  HoWj  i,  379. 
AnalysiB  for  chlorine,  Warrm^  ii,  156. 
new  method  of  volumetric,   Oihba^ 
iv,  207. 

of  petrdeum,  apparatus  for.  Feck- 
hamiy  iv,  230. 

organic,   determination   of  oxygen 
fai,  V,  255. 
chemical,  repetition  in,  Oodwin,  1, 249. 
spectroscopic,  see  Spwtroaeope. 
use  of  sand   and  glass  filters  in 
quantitative,  Oibibs^  iv,  215. 

Will's  tables  for  Quantitative,  no- 
ticed, iv,  140. 
Analytical  processes,  new,  TaXboU^  1, 244. 
Andes  and  the  Amazon,  by  Orton,  no- 
ticed, 1,  294. 
of  Quito,  phys.  geog.  of;  v,  99. 
of  Equador,  geology  of,  Ortim,  vii, 
242. 
observations  on,  Orftwi,  vi,  203. 
AndrewSy  E.y  glacial  drift  of  Illinois,  iii,  76. 
note  on,  HUgardy  iii,  241. 


Andrew8y  E.y  Human  Antiquities  at  Ab- 
beville, eta,  V,  180. 
Lakes  of  N.  America  as  dironome- 

ters,  1,  264,  424. 
on  western  Boulder  drift,  viii,  172. 
Andrews,  R  A,  Geokgical  relatkms  of 

petroleum,  ii,  33. 
Augstrom.  on  violet  spectrum,  v,  250. 
Aniline,  iSetmorm,  ix,  142. 
Animals,  commensalism  among,  1,  285. 
Annual  of  Sdentiflc  Discovery,  vii,  434. 
Annnlata,  on  recent  works  on,  viii,  199. 
Ansted's  Physical  Geography,  v,  143. 
AfUhony,  W.  A.y  bones  of  rattiesnakes, 

ii,  285. 
Antimonous    sulphid,    preparation    d^ 

SharpUSy  1,  248. 
Antimony,  detonating,  i,  107. 

sulphates  of  ox^  of,  Dexier^  vi,  78. 
Antozone,  Meissner  on,  1,  213. 
Apparatus  for  studying  aJ^sorption,  1,  52. 
Appleton's  Amer.  Cyclopedia,  ii,  138 ;  iv, 

140;  vi,432. 
Aquitanian  remains,  £<irfe(,notioed,  i],291 . 
Aral  Sea,  changes  in,  RanoUnaon,  iv,  133. 
Ardiseology  of  Southern  France,  Lartet 

and  Christy  on,  noticed,  iv,  119. 
prehistoric  in  Greece,  Itnlayy  1,  251. 
Arctic  researches,  recent,   OUman,   vii, 

103,  377. 
ArentSy  A.y  parteite,  iii,  362. 
Aritiimetic,  Eaton*a,  noticed,  iv,  140. 
Arizona,  R  SiUiman^  I  289. 
Amott,  G.  A.  W.,  obituary,  vi,  273. 

Gray,  vii,  240. 
Arsenic,  allotropic,  v,  254. 

and  arsenous  add  ethers,  (>q/2»,  1, 10. 
nitrate  of  silver  test  for,  vii,  255. 
Artemia,  new  localities  of^   VerriB^  vm, 

430. 
Artesian  water,  Charieston,  8.  C,  vu,  357. 
wen  of  Terre  Haute,  Ind.,  viii,  270. 
AssmuBS  an  products  of  distiUation,  Ord- 

way,  v,  274. 
Associifttion,  see  Ameriean  and  BHtUL 
Asphalt,  vein  in  Virginia,  i,  120. 
Aspirator,  form  of,  Leeds,  v,  423. 
Asteroid  (85),  elements  of;  Peters,  i,  277. 

i86),  Semele,  elements,  ii,  134. 
87),  ii,  135. 
901  Antiope,  iii,  279. 
911  iii,  279. 
911,  iEgina,  vi,  147. 
93i,  Minerva,  vi,  147. 
i94),  Aurora,  vi,  147. 
95),  Aietiiuea,  vi,  147. 
96),  vi,  147. 
97),  Clotiio,  vi,  147. 
98),  vi,  274 
99),  vi  274. 
(100),  Hecate,  vi,  393. 
(101),  Helena,  vi,  274,  893. 
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Asteroid  (102),  Mirwm,  vi,  276,  392, 393. 
(1031  vi,  392,  393. 
(104),  vi,  392,  393. 
(105),  vi,  392,  393. 
a06X  vi,  393 
(109),  elements  of,  Eogtm^  ix,  141, 
428;  Feter$,\x,  277. 
(Ill),  ),  285,432. 
(112),  Iphigenia,  1,409. 
Astro-meteorology,  recent  contributioDS 

to,  Newtony  iii,  285. 
Astronomical  observations,  OiUiUf  1864, 
iii,  413. 

Observatory,  Russian,  Director  of, 
11,  286. 

of  Harvard  College,  Annals  of, 
noticed,  iv,  293. 

Society,  abstracts  of  Reports  of,  iz, 
431. 
Astronomy,  Chambers^  noticed,  iii  422. 
Eirkwood's  Meteoric,  noticed,  iv,  428. 
Lockyer*s.  noticed,  vi,  275. 
Norton's,  noticed,  iv,  295 
Soell's  Olmsted's,  noticed,  ii,  139. 
Watson's,  noticed,  Kewkm^  vi,  145. 
see  f  wliher,  Star. 
Astro-photometer,  ZoBner  on,  ii,  418. 
AthyrlB,  subdivisions  ot,  BUUngs^  iv,  48. 
Atlantic  Telegraph.  Helds'a  history  of, 

ii,437. 
Atmospheric  system  as  Qtod  made  it,  by 

Butler,  noticed.  1,  150. 
Atomic  ratio,  Ck>oke^  vii,  386. 

weights,  determination  of  by  optical 
means,  Schravf^  iv,  113. 

volumes  of  elements.    Clarke^  vii, 
180,  308. 

solid  compounds.  Clarke^  1, 174 
Atomicities,  theory  of;  Oibba,  iv,  409. 
Atoms,  chemical,  existence  of,  KekuU^  iv, 
270. 
size  of,  Thomson^  1,  38. 
AtwcUer^  W,  0.,  on  American  maize,  viii, 

352. 
Audubon,  life  of,  noticed,  ix,  443. 
Aureole  observed  in  solar  eclipse,  viii, 

434. 
Auroral   appearances    connected    with 
phenomena  of  terrestrial  magi.etism, 
Stewart,  ix,  281. 
displays,  recent,  Newton,  1,  146. 
Aurora  at  Toronto,  Kingston,  viii,  65. 
Banddier^  iii,  279. 
magneiic  effects  of,  Fbrmer,  i,  118. 
of  April,  1869,  OUfnan,  viii,  114. 
of  April  15,  1869,  viii,  146. 
spectrum  of,  viii,  404. 
Auroras  and  Sun-spots  compared  with 
magnetic  declination,  Loomie,  1,  163. 
Sept,  1868,  in  Maine,  GUman,  vi,  390. 
Australia,  diamonds  in,  ix,  275. 
Dinornis  in,  ix,  278. 


Australia,  gigantic  marsupials  of;  i,  268. 
Lias  and  oolite  of,  Moore,  I  269. 
Smyth's  gold-fields  of  Victoria,  ix, 
263. 
tall  trees  in,  iv,  422. 
Victoria,  mineralogy  of,   Ukieh,  no- 
ticed, 1,  271. 
works  on  Botany  of,  noticed,  i  415. 
Averyj  0.  E,^  test  for  arsenic,  vii,  266. 

B 


Bahinet,  undulatory  theory  of  heat,  iv,  1 1 1 . 
Babington,  revision  of  flora  of  Iceland,  1, 

277. 

Backe,  A,  D.,  magnetic  observations  in 
Maine,  ii,  141. 
obituary  of,  iii,  282. 
Bdhir,  on  yttria  and  erbia,  i,  399. 
Baillon's  Histoire  des  Plantes,  noticed,  1, 

276. 

Ba¥rd,  S.  F.,  distribution  and  migration 
of  North  American  birds,  i,  78,  184, 
337. 

Baird's  American  Birds,  noticed,  ii,  134, 
Baker,  J.  G.,  Mora  Brasiliensis,  Martins, 
noticed,  1,  426. 

genera,  etc.,  of  herbaceous  liliaces, 
1,427. 
Bail,  B.,  air-rings,  vi,  260. 
Banddier,  A.  F.,  aurora,  iii,  279. 
Backer,  O.  /!,  chemical  abstracts,  v,  251 ; 
vi,  129;  vii,  420;  viii,  123,  408;  1,  111, 
255. 
formic  vs.  carbonous  add,  iv,  263. 
normal  and  derived  acid;},  iv,  384. 
notices  in  physiological  chemistry, 
vi,  233,  379;  vU,  20,  258,  .')93;  viii,  49. 
Roscoe's  Chemistry,  iii,  137. 
Franklaod's  Chemistry,  noticed  by, 
iii,  137. 
silvering  on  glass,  iii,  262. 
abstract  of  Meissner's  research  on 
electrized  oxygen,  1,  213. 
Barium  chlorate,  Brandau^  1,  111. 
Barometer,  automatic,  Hough,  i,  43. 
Barometric  pressure,  distribution  of,  ix, 

440. 

Barnard,  F.  A.  P.,  Industrial  Machinery 
and  Scientific  Apparatus  by,  noticed, 
viii,  297. 

Machinery  of  Industrial  Arts,  eta, 
ix,  176. 
Barrande,  J.,  Arethusina,  Faune  Siiuri- 
enne,  noticed,  vtii,  138. 

Pteropodes  SUuriens  de  la  Boh4me, 
V,  120. 
Batrachia  and  Reptilia,  Synopsis  of,  Cope, 

noticed.  1,  160. 
Bayma's  Mechanics,  Norton,  vi,  167. 
Beaver,  remains  of  in  New  Jersey,  Wetd, 
viii,  433. 
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Bsoquerel,  El^mens  d^^lectro-ohimie,  t, 

76. 
Beltrian  oave-reiiMuiis,  Dupont^  ill,  121, 

260. 
Bennett,  the  Genus  Hjdroleft,  1,  277 
BenthHin^B  addressee  before  the  Linnean 

Society,  i,  410;  iv,  297;  1,  279,  326. 
Bttithaai's  Flora  Anstralis,  iii,  410. 
Bentham  and  Hooker,  Qenera  Plants- 
rum,  vol.  I,  noticed,  Gray^  v,  271, 404. 
Benzole,  etc.,  action  of  heat  on,  Berthdatf 

iv,  266. 
Berg,  0.,  obituary,  ▼,  124. 
Berg^  Le  Ghimiste,  noticed,  iii,  99. 
Berthelot^  action  of  heat  on  benzole  and] 
analogous  hydrocarbons,  iv,  266. 
hy&xatrbons  in  coal-tar,  iy,  418. 
on  isomerism,  ii,  267. 
metsls  iu  or^ranic  radicals,  ii,  266^ 
on  carbonyUc  sulpbid.  Ti,  I2i9. 
on  cyanhydric  add,  vii,  420. 
on  saturating  organic  bodies  with] 
hydrogen,  vi,  126,  396. 
on  varieties  of  carbon,  vii,  418. 
on  synthesis  of  organic  adds,  ix,  388. 
synUiesis  of  ozaHc  add,  t,  249. 

hydrocarbons,  iii,  96,  251,  389. 
reductions  in  chemistry,  iii  386. 
Bessemefj  manufacture  of  cast-steel,   i, 
278. 

flame,  spectroscopic  examination  of^ 
X  M.  Smman,  \  297. 
Bickmore,  A.  S.,  Ainos  of  Yesso,  v,  863, 
Saghalien,  eta,  v,  361. 
recent  gedogical  changes  in  China 
and  Japan,  ▼,  209. 
journey  through  China,  vi,  1. 
Bigsby's  Thesaurus  silurieus,  vi  436. 
BiU,  J.  H.,  test  for  bromids,  t,  224. 
BtlUnifBy  Ky  work  on  fossUs  of  Canada,  i, 
124. 

Fossils  of  Antioosti,  noticed,  iia,  137, 
269. 

on  Oriooidea,  Cystidea,  and  Blasto- 
idea,  viii,  69;  iz,  61 ;  1,  226,  436. 
subdivisitms  of  Athyris,  iv,  48. 
structure  of  Blastoidea,  vii,  363. 
Worthen's  Illinois  survey,  iii,  396, 
Binney's  Gould's  Invertebrata  of  "' 

noticed,  iz,  423. 
Binocular  vision,  Le  Cbnfe,  vii,  68,  168. 
Birds,  carbolizing,  Parker^  1,  283. 

distribution  and  migration  of^  JBctirdy 
i,  78,  184,  337. 

of  North  America,  Verria,  i,  249. 
Baird's  N.  American,  ii,  134,  291. 
Biri,    W,   A,  obscuration  of  •*Iinn^," 

Iii,  411. 
Bis^sU,  S.  B.y  St,  Thomas  earthquake,  v, 

133. 
BUhe,  R   W:,  on  figures  produced  by 
electric  spark,  iz,  289. 


Blake^  J.  if.,  on  measuring  aa^ea  of  arym' 
tals,  i,  308. 
Gay-Lussite  from  Nevada,  ii,  221. 
natural  terpia,  iii,  202. 
on  kaolinite  and  pholerite,  iii,  361, 
406. 
on  hortonolite,  viii,  17. 
Blake^  T,  A,^  Northwest  coast  of  America, 

V,  242. 

BkUoe,  W,  P.,  orystalliaed  gold  in  Calilor- 
nia,  i,  1*20. 

footils  in  Sierra  Nevada,  i,  406;  in 
California,  iii,  270. 
fossil  tapir  in  Califcir&ia,  t,  381. 

tooth  from  Table  Mt,  1,  262. 
^aoiera  of  Alaska,  iv,  96. 
gold-bearing  rodcs  of  CaHfonia,  t, 
264. 

Minerals  of  Califomia,  noticed,   ii, 
114,  126. 

of  Paris  ezpodtion,  ▼,  194. 
mineralogical  notices,  iM,  124. 
on  decrease  in  production  of  gold, 
vii  432. 

Report  on  the  precioua  metals  by,  no- 
ticed, viii,  126. 
BlisB,  J.  £r.,  Wiscowdn  drift,  i,  266. 
Biomstrand,  conjugate  bodies  in  inoiganic 

chemistry,  iz,  110. 
Blunt,  E.,  obituary,  ii,  433. 
Bogote,  S.  A.,  earthquake  at,  BmibU,  1, 

408. 

Boissier's  loones  Buphorbiarum,  ii,  427. 
BoUofiy  H.    a,   on   action  of  lifl^t   on 

uranium,  viii,  206. 
Bone-caves  of  Brazil,  ReMardt,  vi,  264. 
Gibraltar,  Report  on,  vii,  277. 
see  Man. 

Boott's  Illustrations  of  Carez,  t,  271, 409. 
Boraz  in  California,  Whiikiey,  i,  256. 
Borou,  combinations    with  halogen^  i, 
108. 
graphitddal,  DemOe,  iii,  260. 
Boston  Society  Natural  History,  Proceed- 
ings, i,  144,  431 ;  ii,  140,  292 ;  iii,  140, 
423;  iv,   144,  296;  v,  144  428;    vi, 
162.  288 ;  vii,  162,  296,  436;  viii,  462 ; 
iz,  288,  444. 
condition  and  doings  of,  iv,  43t. 
memoirs,  iv,  206 ;  vi,  162. 
Botanical  Congress,  London,  i,  140;  ii, 
129. 

Address  to,  JkQmdoSe,  ii,  230. 
necrok^gy,  1866, 1  263;  1868,  Oroy, 
vii,  140;  1869,  iz,  129. 
Club,  bulletin  of  the  Torrey,  iz,  404. 
nomendature,  DeOandoOa,  1,  874. 
Notabilia,  Gray,  iz,  120. 
BoTAXiOAL  Nocoss: — 
Andermm,  MonographiaflaKcum,  iT,420. 
Annales  Musei  Botuiid  Logduni^Bat*- 
vl,  iv,  424 
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Botanical  Noticeb:— 
BeiUham^  Flora  Austral,  ili.  410. 
BmOutm  and  Booker's  Q«n.  Plantamm, 
i,  132. 

I,  Gray,  v,  271,  404 
JBotaaier,  Flora  Orientalia,  iv,  122. 
loones  Euphorfoianim,  ii,  427. 
BooU,  Illustrations  of  oarez,  v,  271. 

409. 
JBouBsingamit  on  action  of  foliage,  ii, 

126. 
Brawn  i?.,  works,  iii,  125. 
vol  n,  vi.  271. 
Brunei  Elements  de  Botanique,  no- 
ticed, 1,  278. 

y^etaux  ligneuz  du  Canada,  iv, 
122. 
Bunge^  on  fi^us  Coosinia,  i,  416. 

Generis  Astragali,  etc.,  I,  279. 
OwUSy  esculent  Fungi  of  United  States, 
il,  129. 

Botany  of  North  OaroHna  Survey, 
V.  271.      • 
Darwin,  on  climbing  plants,  i,  125. 
Jkuibeny's  Trees  imd  Shrubs  of  the 

ancients,  i,  268. 
JkCkxndoUe,  A,,  Lois  de  la  Nomencla- 
ture, It,  421. 

Prodromus,  ii,  427 ;  vi,  408, 
BeCkmdoUe,  C,  Piperaces,  iii,  128. 

Th^rie  de  laFeuille,  tI,  272. 
EScMer,  on  morphology  of  the  Androd- 

dum  in  FumariacesB,  i,  412. 
Engiemarm,  Juncus,  species  of,  in  N. 

America,  ii,  128. 
Flora  Brasiliensis,  i,  412;  ix,  404. 
Caucasi,  Rupprecht,  1.  279. 
of  British  Is.,  Hooker,  noticed,  1, 
281. 
of  Iceland,  revision  of,  1,  277. 
Fourmor  on  Crudfene,  ii,  227. 
Oray,  A.,  Field,  Forest,  and  Garden 
Bot»ny,  vii,  280. 

Hand-book  of  British  Alg»,  11 
281. 
Manual,  iv,  284. 

6th  ed.,  2d  issue,  v.  409. 
Cfriseback,  OataL  Plant  Cubeiia,  iii, 

409. 
Henfirey,  Elementary  Botany,  noticed, 

1429. 
Hocktr,  Botanical  works  of,  i,  2. 

and  Baker,  Synopsis  Filicum,  vH, 
143. 
Hoopes,  Book  of  Evergreens,  vi,  270. 
Krok,  on  Yaleiianeae,  1,  416. 
Le  Maout  and   Docaimt,    Traits    de 

Botan.,  V,  409. 
Lesquereuot,  Catalogue  of  Mosses,  v, 

273. 
Ltnnean  Soc.  Journal,  vi,  271. 
LyeO,  Hand-book  of  Ferns,  iz,  404. 


Botanical  Noticbs:— 
Martius,  v..  Flora  BrasQiensia,  iv,  431 ; 

vi,408;  ij:,404;  1,425. 
Herbarium  of,  1,  279. 
Miquel,  aiBnit^  de  la  flora  du  Japan 

avee  celles  de  TAsie  et  de  TAmerica 

du  Nord,  iv,  421. 
Prdusio  Flore  Japonics,  eta,  v, 

403. 
Moigno,  growth  of  Lycoperdon  gigan- 

teum,  iv,  123. 
MiiOer,  Botany  of  Australia,  i,  415. 
vegetation  of  the   Chatham  Is- 
lands, i,  416. 
Musci  Boreali  Americana,  i,  417. 
Paine^8  Catalogue,  i,  130. 
Pa/rlatore,  Botanical  method,  iii,  273. 
Coniferse,  iii,  272. 
spedes  of  Cotton,  iii,  272. 
Report  of  lotemational  Horticultural 

Exhibition  and  Botanical  Congress, 

iv,  123. 
SaUsimry,  Genera  of  plants,  ii,  280. 
Schmidt,  Reisen  in  Amur-lande,   vi, 

408. 
Seemann's  Flora  Yitiensis,  i,  414. 
VUfncrin-Aiidrieux  &  Oie,  Fleurs  de 

pleine  terre,  v,  269. 
Waison,  Index  to  names  of  Indian 

plants,  vii  143. 
Wmmer,  Salices  Europe®,  iii,  272. 
Botany: — 
AlgsB  fhnn  hot  springs,  Wood,  vi,  31. 
American  heather.  Gray,  iii,  128. 
Anthers,  MuUer,  iii  126. 
Autumnal  foliage,  WharUm,  vii,  261. 
Branches,  changes  of  direction  of,  ii, 

130. 
Caricography,   C,  Dewey,  i,  226,  326 ; 

ii,  243 ;  index  to,  ii,  325.    • 
Cinchona,  species  of,  ii,  131. 
Corydalis  cava,  fertilization  of,  ii,  131. 
Cyperaces,  Bceekder,  1,  279. 
Development  of  flower  of  Pinguicola 

vulgaris,  ix,  404. 
Dimerous  flower  of  Cypripedium  can- 

didum,  ii  195. 
Fertilization  of  flowers  by  insects,  Ogle, 

\  278. 
Flora  of  Eastern  Kimras,  HaU,  1,  29. 
Hydrolea,  the  genus,  BenntU,  i  277. 
Ipomea  simulans,  Banbury,  1,  277. 
Jalap,  Tampico,  1,  277. 
Lauracese,  Ciarke  on,  ii  131. 
Lessingia  Gtormanorum,  ii,  128. 
Life  in  the  hot  and  saline  waters  in 

California.  Brewer,  i,  391 ;  ii  429. 
Mountain  plants^,  migrotion  oC  ii,132. 
Nomenclature,  laws  of,   at  Botanical 

Congress,  vi,  63. 
remarks  on.  Gray,  vi,  74. 
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Botany  :— 
Notes  on  yegetable  phjaiology,  indud- 
ing  effects  of  light,  modes  of  fertili- 
sation, etc  f  ix,  406. 
Oaks,  Michanx  Grove,  1,  279. 
Orotava  dragon-tree,  ▼,  270. 
Palm  culture,  WeruUand,  ii,  132. 
Plants  WrightiansB  Cubenses,  vii,  144. 
Scolopeodrium  offidnarum,  J^nne^    i, 

417 ;  ii,  281. 
Sequoia  of  California  measured,  ii,  129. 
Sisymbrium,  Oray^  ii,  277. 
Shortia  and  Sdiizocodon  identical,  y, 

402. 
Stamens,  morphology  of  iii,  273. 
System  in,  Kock,  ii,  132. 
Tenacity  of  life  of  seeds  and  spores,  i, 

393. 

Tree-labels,  Oreighton*s,  iii,  273. 

Union  of  two  trees,  LyiTuin^  iii,  275. 

Bouningautt^  on  action  of  foliage,  ii,  126. 

Brachiopiida,  a  division  of  anneUda,  iforse, 

I  100. 

Bradley^  F.  J7.,  fish-remains  in  western 
New  York,  ii,  70. 

Indiana  geol  survey,  1,  135. 
Braithwaite's  Retrospect,  noticed,  vi,  286. 
Bnmdau,  preparation  of  barium  chlorate, 

1,111. 
Brande,  W.  T.,  obituary  of,  i,  428. 
Braufiy  tests  for  glucose,  iii,  250. 
Brazil,  reptilian  remains.  Marshy  vii,  390. 
Breae^B  hjrdraulic  motors  noticed,  ix,  144. 
Brewer,     W.   JJ.,  gold-rocks  of  Pacific 
coast,  U,  114. 

gold-bearing  rocks  of  California,  y, 
397. 

Himian  skull  fotmd  in  California,  ii, 

424. 

Mount  Hood,  ii,  422. 

notice  of  Darwin^s  Variation  under 

Domestication,  yi,  140. 

obituary  of  Mnrtius,  vii,  288. 

on  life  in  hot  and  saline  waters  in 

Califomia,  I  391. 

on  tenacity  of  life  in  seeds  and 
spores,  i,  393. 

review  of  Whitney's  Report  on  Cali- 
fomia,  i,  231,  351. 
Brewster,  D.,  obituary  of,  v,  284. 
Brewster's  neutral  point,  Cliasey  ii,  111, 

112;  iv,  70. 
Brigham  on  Hawaiian  volcanoes,  noticed, 

V.  427. 

Brines,  chemistry  of,  Goeeemann,  iv,  77. 
Briniony   D,    O.^  on  Central  American 

manuscripts,  vii,  222. 
British  Association,  Address  of  T.  H. 
Huxley,  President,  1,  383. 

meeting^  of,  ii,  433;  iv,  436; 
vi,  148,430;  viii,  438;  1,  160. 
Proceedings  of,  i,  141. 


Britiflh  Islands,  Student's  flora  of^  noticed, 

1,281. 
Brodie,  R  C,  the  new  diemical  cakwhw, 

iv,  270. 
Bromhydric  add,  prep,  of,  1,  113. 
Brotnids,  test  for,  BO,  v,  224. 
BrofMy  on  Gibraltar  caves,  vii,  277 
Brown,  R.,  Botanical  works,  noticed,  vi, 
271;  iii,  125. 

supposed  absence  of  drift  from  P»- 
dfic  slope  of  Rodcy  Mt&,  1,  318. 
Browne,  J.  R.,  on  mineral  resources  of 

the  U.  S.,  noticed,  v,  439. 
Browning,  J.,  Spectra  of  meteors,  v,  279. 
Brunet,  Elements  de  Botanique,  1,  278. 
Brutiky  G.  J.y  on  Cookeite  and  Jeffetisite, 
i,  246. 
new  mineral  localities,  ii,  268. 
native  hydrates  of  iron,  iv,  219. 
Kustel  on  ores,  v,  287,  432. 
on  Sussexite,  vi,  140,  240. 
on  Hortonolite,  viii,  17. 
on  Durangite,  viii,  179. 
meteoric  stoue  of  Alabama,  viii,  240. 
on  the  magnetite  in  the  PennsviDe 
mica,  viii,  360. 
Biyant,  C,  habits  of  northern  fur  seal, 

noticed,  L  431. 
Buchan,  distribution  of  barometric  pres- 
sure, eta,  ix,  440. 
Bucban's  Meteorology,  noticed,  vii,  434. 
Buckley's  Texas  Ged.  Survey,  ii,  437. 
\Buckhny  double  chlorids,  etc,  ix,  254. 
Bunsen  flame,  theory  of,  Knappy  1,  265. 
Buneen,  R,  flame-reactions,  iii,  110. 

washing  of  preeipitateis,  vii,  321. 
Buoys,  lighting  power  for,  ix.  284. 
Burkhardt,  J.,  obituary,  Ui,  283. 
BurUmy  B.  S.y  enargite  jamesonite,  and 

tetrahedrite,  v.  34. 
BuUery  T.  B.y  Atmospheric  system,  no- 
ticed, 1,  150. 
Butterflies  of  North  America,by  Edwards, 
noticed,  viii,  144,  433. 


Caesium,  new  salt  of,  Sharpieey  vii,  178. 
Oahoursy   derivatives  of  tryetiiyl  phos- 

phines,  1,  415. 
Calculus,  new  chemical,  BrodUy  iv,  270. 
Caldwell's  Agricultural  analysis,  ix,  143. 
Califomias  Sake^e  list  of  minerals  in,  n, 
114,  126. 
borax  in,  i,  265. 
earthquake,  1868,  vi,  428. 
geological  survey,  i,  428;  ix,  400. 
gold-fields,  geology  of,  vii,  134. 
gold,  crystaSized  mass  of,  i,  120. 
human  remains  in,  WuUhWy  i  407. 
skull  discovered  in,  Anaver,  ii, 
424;  ill,  266. 
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Oalifoniia)  life  in  hot  and  saline  waters 
of;  1,391;  ii,  429. 

new  facts  in  geology  of,  WlUiney^  i, 
252. 
oUa,  distillation  of,  Feekhamj  vii,  9. 
petroleum,  see  Oil  and  Petroleum, 
publications  of  Geological  survey  of, 
Tiii,  133,  US,  151. 

subdivisions  of  the  Cretaceous  of, 
(ToM,  iv,  226 ;  Conrad,  iv,  376. 

w^th  of;  Cronise  on,  noticed,  vii, 
150. 

Whitney^s  geology  of;  reviewed,  with 
notices  of  gold-rooks,  i,  124,  231,  351 
Calomel,  vapor-density  of,  vi,  398. 
Cambridge  course  of  Elem.  Physios,  v, 

142 ;  vi,  285. 
Cambridge,  Mass.  Museum  of  Compara- 
tive Zo5logy,  Report,  noticed,  vii,  286. 
Campbell  on  the  Northwest  boundary, 

noticed,  vii,  110. 
Canals,  between  the  Atlantic  and  Pacific, 

iv,  381. 

Candles  and  soap,  manufacture  of,  no- 
ticed, iv,  141. 
Cannon,  new  kind  of,  7¥eadwell  i,  97 

strength  of,  TroaduteU,  v,  135. 
Capitol    at  Washington,  movement   of 

dome  of,  by  the  winds,  ix,  384. 
Carbohydrates,    acetyl    compounds   of, 
Schututnborger  and  Aaudfn,  viii,  414. 
action  of  water  od,  iii,  371. 
Carbon,  adamantine  anthracitic,  iv.  108. 
bisulphid  of,  in  sunlight,  vi,  363. 
in  iron,  how  determined,  vii,  374. 
new  sulphid  of,  i,  251. 
replaced  by  silicon,  il  255. 
varieties,  Berthelol  on,  vii,  418. 
Carbonate,   sodic,   Kessler's  patent,  v, 

254. 
Carbonic  acid,  estimation  of,  Johnson,  viii, 

111. 
Carbonous  add  veratu  formic,  Barker,  iv, 

263. 
Carbonylic  chlorid,   Sehuitenberger    on, 
vii,  423. 
sulphid,  Than,  vii,  422. 
Carioogrophy,   Dewey,  I   226,   326;    ii, 

243 ;  index  to,  ii,  325. 
CariuB,  synthesis  of  orgamc  adds,  iv, 

265. 
Carpenter,  W.  B.,  Eosoon  Canadense,  i, 
406;  vi,  245. 
deep  sea  dredginir,  iz,  410. 
on  organic  nature  of  Eozoon,  iv, 
367. 
Carruthera  on  Equisetaceas,  vii,  279. 
Oaretanjen,  K,  thallic  add,  iv,  269. 
Catpary,  on  change  of  position  in  branch- 
es, ii,  130. 
Cassin,  J.,  obituary  of,  Brewer,  vii,  291. 
ornithological  collection  of;  vii,  435. 


OatUn,  O,,  American  Books,  noticed,  1, 

135. 
Caton,  J.  D.,  American  Cervus  by,  no- 

tioed,  viU,  144. 
Caucasus,  notes  on,  vonKoaehkvXl,  ▼!,  214, 
335. 
highest  peaks  of;  vii,  382. 
Cave  mammals.  Cope,  iz,  273. 
Cavern,  Malta,  i,  140. 
Central  American  MSS.,  Brirdon,  vii,  222. 
Central  Park  of  New  York,  report  of 

commissioners  of,  noticed,  vii,  445. 
Cephalaspis,  Lankeiier,  i,  261. 
Cephalization,  Na  IT,  Dama,  i,  163. 

in  mollusca,  Moree,  ii,  19. 
Cerium,  equivalent  of;  Wolf,  vi,  53. 
g^up,  double  sulphates  of;  iz,  356. 
metiJhc,  Wohler,  v,  254. 
Chalk  in  Colorado,  i,  401. 
Cbambera's  Astronomy,  iii,  422. 

Eooydopedia,  i,  288;  ii,  139,  440; 
V,  143;  vi,433. 
Champion,  bromhydric  add,  1, 113. 
Charieourtois,  origin  of  diamonds,  ii,  271. 
Chapmam,  E.  J,,  on  native  lead  northwest 

of  Lake  Superior,  i,  254. 
Chode,  K  0.,  skylight  polarization,  iv, 

265 ;  V,  96. 
Chase  P.  K,  comparison  of  mechanical 
equivalents,  1,  261. 
connotations  of  magnetLsm,  vi,  398. 
laws  of  distribution  of  heat  over 
the  earth,  iv,  68. 
magnetism  of  iron,  v,  247. 
mechanical  polarity,  i,  90. 
method  of  meteorological  compari- 
son, i,  158. 

rain  fall  affected  by  the  moon,  vi, 
281. 

skylight  polarization,  ii.  111. 
visibility  of  neutral  pointfi,  ii,  112. 
Chatard,  T,  M.,  gelatinous  predpitotes, 

1,267. 
Chatham  la,  peat  ete.,  of;  1,  123. 

vegetetion  of,  i,  416. 
Chauvenet's  Elementary  Geometry,  no- 
ticed 1,  438. 
Chemical  analysis;  separation  of  lead 
and  bismuth  by  bromo-thallates,  i,  107. 
on  a  process  of  elementary,  C. 
a  Whsei&r,  i,  33. 

repetition  in,  1,  249. 
Spreng^l  pump  in,  iz,  378. 
calculus,  new,  Brodie,  iv,  240. 
constitution  and   crystalline   form, 
relation  between,  Dana,  iv,  89,  252. 
formulas  of  the  silicates,  iv,    252, 
398. 

History  of  siz  days  of  Creation, 
PMn,  1,294. 

News,  Am.  ed.,  noticed,  iv,  29^  y, 
144. 
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OhettiiOid   nomenelature,    ffOmmt'j^  i&, 
140. 

phflo9oplij,  Oooke^  notioed,  ^  436 ; 
1,160. 

syBtbesifl,  Bertikeht,m,9%,  251,  386 
389. 

tables,  STutrpleB,  notioed,  iii,  139. 
Chskibtbt  : — 
AcidM,  aromatic,  synthesiB  of,  1,  116. 

Tol  of  croton  dl,  1, 116. 
Alcohol,  iso-bQty),  coaveraioB  of,  1, 114. 
Arsenic  and    arsenoos    aoid    eit&h'^ 

Orafta,  \  10. 
barium  chlorate,  prep,  of,  1,  111. 
beech-wood  tar  creosote,  1,  117. 
bromhydrlc  acid,  prep,  of,  1,  113. 
Ohlorai,  seoondwy  prods,  of,  I,  109. 
ooi\jugate  bodies  in  inorg^aaio,  BUom- 

Btrandf  ix,  110. 
oopper,  YoL  estioL  of,  WeA,  1,  108. 
Bliot  and  Storer's,  iii,  420 ;  Vi,  130. 
Frankland*8,  iii,  137. 
G.  Fownes^s,  noticed,  viii,  448. 
Handbook  of,  Bo^&ud  GiOeU,  vii,  294. 
Haroourt's,  noticed,  ix,  141. 
hjdrogenium-amatgam,  Lo9W,  1,  99. 
Miller's,  notioed,  iv,  296. 
nitric  anhjdrid,  prep,  of,  1,  112. 
of  oopper,  Bwit^  ix,  163. 
of  the  Bessemer  prooesa,  1,  432. 
of  the  Fann  and  Sea,  by  Ifkhob^  no- 
ticed, iv,  141. 
physiological,  notices  in,  Barker^  Ti, 

233,  379. 

properties  of  preoip.  iron,  Z«ns,  1,  110. 
Rosooe's,  iii,  137. 
selenium,  properties  of^  I  111. 
sulphur  trioxyd,  SehnUa-DeBack^  1,  114. 
tantalio  acid  in  microlite,  1,  95. 
thnllium,  position  of^  Rammdtiberg,  \ 

108. 
uranium,  reoovery  of,  1, 113. 
Oheyney^  J.  5.,  mode  of  showing  vibra- 
tions, vi,  243. 
Chicago  Museum,  director  of,  iii,  281. 

tunnel  excavations,  iii,  76. 
Child    O.,  production  of  organisms,   i. 

381. 

Ohina,  coal  formation  of,  Newbtrry^  ii, 
151. 

explorations  in,  Richthofen,  1,  149, 
410. 

delta  plain  of,  Aimpatfy,  v,  219. 

geology  of  PumpMly.  i,  145. 

Journey  through,  Bickmore^  vi,  1. 

notes  on,  Jforlm,  vii  98. 

See  also  Owkfgy. 
Chladni  plates,  mode  of   showing  the 

vibration'^  in,  Cheyney,  vi,  243. 
Chloral,  secondary  products  of.  1,  109. 
Chlorid,  oarbonyUo,  SeMiiKmbergtrj  vii, 
423. 


OtaldridB  oorreepondiiig  to  penxzyd^  i, 

107. 
Chlorine  in  oi^gaaie  oompoundSv  Warremt 

ii,  166. 
Chriity^  Reliqai»  Aquitanioes,  ix,  144. 
Chromium,  mode  of  obtaining,  vi,  131. 
and  iron  compounds  of,  Ooritii,  viii, 
346. 

Chromites  of  magnesimn,  NiM^  vii,  16. 
Chronogra]^  propoi^ed,  Ttnmg^  ii,  99. 
Chronology,  new  period  in,  Fimtk^  1, 173. 
Churchy  on  namaqualite,  L  271. 
Clark,  A.,  receives  Rumford  medal,  ii, 

136. 
Clarke  H.  J,y  animality  of  sponges,  ii,  320. 
Anthophysa  Miilleri,  M.  223. 
mind  in  nature,  noticed,  i,  286,  418. 
on  Spongiffi  cOiate,  v,  418. 
on  Yorticellidian  parasite  of  Bydn, 
noticed,  ii,  134,  284. 
pdarity  and  polyoei^udiBn,  ix,  69. 
doribs,  F.  W.,  atomic  volumes  of  liquids, 
vii,  180. 

of  solid  elements,  vii,  308. 
of  solid  compounds,  1,  174. 
mineral  analjrsis,  v,  1 73. 
on  cobalt  and  nidcel,  viii,  67. 
separation  of  tin  from  arsenic, 
etc.,  ix,  48. 
CVotAps,  W,  B,  Dinomis  and  saurian  re- 
mains of  Australia,  ix,  273. 

sedimentary    formations    of    New 
South  Wales,  v,  334. 
ClauaiuB^   ff.,  mechanical  theory  of  heat 
with    its    application  to  the  steam- 
engine,  noticed,  iv,  437. 
Clev^y  Ammonia-chromium  bases,  ix,  251. 
Clouds,  formation  of;  T^ndaU,  viii,  268. 
Coal  formation  of  Chhi4,  Aetoderry,   it, 
161. 

of  Langeao,  Haute  Loire,  L  269. 
Coal-tar,  hydrocarbons  in,  Bertkdot^  iv, 

418. 
jCoal,  see  Gboloot. 

work  on,  by  OtimU^  noticed,  i,  286, 
430. 
Coany  r.,  eruptions  in  Hawaii,  i  434;  iii, 

264;  vi,  106;  vii,  89;  ix,  269,  393. 
Coast  Survey,  magnetic  observations  in 
Maine,  BaO^  ii,  141. 

recent  Gulf-stream  soundings, 
MUeMSi,  iii,  69. 

report,  v,  143;  vii,  447;  1,  439. 
Superintendent   appointed,  iii, 
281. 

|Cobalt,  nitrate  of,  Erdmann^  iii,  248. 
and  nickel,  separation  ot  ii,  264; 
CUvthty  on,  viii,  67. 
Cotboldy  on  beef  and  pork  as  sources  of 

Entozoa,  i,  283. 
Cdeoptera,  rtiynohophorons,  XeCM^  iv, 
41. 
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Color  ftom  misdng  blue  aad  yeUow,  JSmmK, 

1,369. 
Colorado,  ohalk  in,  i,  401. 

geologloal  observations  in,  iy,  284. 
Mauyaises  Torres  in,  1,  292. 
parks  of,  iy,  361. 
Siyatherinm  in,  Leidy,  I,  270. 
Coloration  by  discharges  fh>ni  indooto- 

rium.  y,  391. 
ObflMT,  D,  (7.,  chalk  in  Colorado,  i,  401. 
CoHon's  Jonrnal  of  Oeogmphj,  \^  142. 
Combustion,  rapid,  production  of  ozone 
in,  1,  266. 
under  presrare,  yi,  394. 
Comet  a  new,  WiwMdct^  1,  104. 
BielaV,  diyislon  of.  iy,  130. 
connection  with  meteors,  iy,  128. 
discovered,  iii,  279. 
Ill,  1862,  elements  of,  iv,  130. 
n,  1867,  iy,  130. 

of  1812  and  1846,  Kwkwood,  yiii, 
266. 

prises  for  disooyery  of,  yiii,  279 ;  ix, 
442. 
Connecticut  Academy  of  ArtR  and  Sci- 
ences, Transactions  of.  il,  138;  L  437. 
Cowrady  T.  A.^  dieck  list  of  Eocene,  etc.. 
noticed,  iii,  363. 
new  Eocene  groups,  i,  96 
divisions  of  Eocene,  HQgard  on,  ii, 
68. 

fossil  shells  of  the  upper  Amazon, 
noticed,  1,  424. 

mixtures  of  Cretaceous  and  Eocene 

fossfls,  ix,  276.  I 

North  and  S  >uth  Carolina  Tertiary, 

iii,  260.  I 

notes   on    American    foesiliferous' 

strata,  vii,  368. 

reply  on  the  Cretaceous  of  Califor-I 
nia,  iv,  376. 
Cook,  G.  H.,  Geology  of  New  Jersey, 
noticed,  vii,  429. 

Geol  map  of  N.  J.,  noticed,  vii,  112. 

279.  ! 

Oooke,  J.  P.,  atomic  ratio,  vii,  386. 

aqueous  lines  of  spectrum,  i,  178. 

certain  lecture  experiments,  and  a 

new  form  of  Eudiometer,  iv,  189. 

Chemical  philosophy   by,    noticed, 
yii,  436;  1  160. 
cryophilite,  iii,  217. 
danalite,  ii,  73 
determination  of  protoxyd  of  iron 
in  silicates,  iy,  347. 
heat  of  friction,  i,  116. 
on  some  American  chlorites,  iv,  201 
Copal  of  Zanzibar,  ix.  128. 
6bp0,  R  />.,  Alleghany  fishes,  noticed, 
yii,  286. 
Dinosaur  in  N.  J.  Cretaceous,  ii,  426. 
Elasmosanrus  platyurus,  1, 140,  268.1 


OjM,  B.  D,^  extinct  Batracbia  and  Bap* 
tilia  of  N.  A.,  Part  II,  uoticed,  I,  160. 
Extinct  cava-manmals  of  IT.  S^  no- 
ticed, ix  273. 
hypothesis  of  evolution,  1,  482. 
Maack's  Schildkrdten,  noticed  by,  I, 
136. 
Mef^actyhis  polyaehxs,  ix,  890. 
new  Enaliosaur,  vi,  263. 
on  genus  Lslaps,  vi,  416. 
on  Raniform  Aneura,  noticed,  v,  41 8. 
on  9ome  reptilian  remains,  viii,  278. 
synopsis  of  extinct  Batrachia,  Bepti- 
lia  and  Aves  of  N.  A.  viii,  460. 
Copley  medal  to  Chasles,  i,  42a 
Copper,  chemistry  of.  Himt^  ix,  163. 
diffusion  of  Niekiks,  v,  67. 
precipitation  of,  by  hypophosphorous 
acid,  Qibba,  iv,  210. 
red  oxyd  of,  Btoicc,  iii,  124. 
and    nickel,    precipitation    of,    by 
alkaline  carbonates,  iv,  213. 
volumet  estimation  of,  WeU^  1, 108. 
Cor^ils,  VerriU,  viii,  419,  431,  432;  ix,  370. 
Oorbin^  J.  H.  JST.,  on  compounds  of  diro- 

mium  and  iron,  viii,  346. 
Cordova  observatory,  Grould  at,  1,  144. 
Cotta's  Ore-depoeits,  noticed,  ix,  271. 
Cotthig,  J.  R.,  obitiiaiy,  v,  141. 
Coues's  lists  of  birds,  noticed,  vii,  160. 
antero-po^terior  symmetiy,  etc.,  no- 
ticed, L  432. 
Cowan's  facts  in  the  history  of  insects, 

noticed,  i,  136. 
Cto,  E.  T^  Indiana  geol.  survey,  1,  186. 

ethers  of  arsenic,  1,  10. 
OraftB,  J,  if.,  silicic  acid  ethers,  iii,  166, 
331. 

silicon,  oombinatioiitof,  withalc(diol« 
radicals,  ix,  307. 
quiditative  analysis,  ix,  142. 
Graig^s  decimal  system,  noticed,  iii,  423. 
Creightou's  tree-labelp,  iii,  273. 
Ortmowk,  work  by,  noticed,  1,  438. 
Creosote  from  beech-wood  tar,  1.  117. 
Oetaoous  of  California,  subdiyisions  of, 
GcJtb,  iv,  226. 
Oowrady  in  reply  to  Gabb,  iv,  376. 
of  Iowa,  exogenous  leaves  in,  WhUe^ 
iy,  119. 
plants  of  Nebraska,  vi,  91. 
of  N.  America,  vi,  401. 
Crinoidea,  paleozoic,  Jfe^ufc,  viii,  23;  1, 136. 
Baking,  viii,  69;  ix,  61: 1,  226.  436. 
convoluted  plate  in,  Hau^  i.  261. 
Crocodile  in  Florida,  TTymon,  ix,  106. 
OroUy  J,  ocean  currents  as  distributers 
of  heat,  1,  118. 
on  motion  of  gfauriers,  viii,  273. 
on  Scottish  glaoiers.  1,  292. 
Cronise's  wealth  of  Cahfomia,  noticed, 
yii,  160. 
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Oroohea^s  edition  of  Mitdiell  on  assaying,! 
vi,434. 
metallorgy,  notksed,  ix,  li4,  28& 
Crotonic  add,  iii,  110. 
Groton  oil,  yolatUe  adds  of,  I,  116. 
Orowiher^  B.,  petroleum  in  Mexioo,  vi 

147. 
Crustacea  of  Brazil,  Smiffi,  viii,  388. 
localities  of  Artemia,  yiii.  480. 
new  Phyllopod,  VefrriU,  viii,  244. 
Orustaceaii  parasttism,  VerriU^  iv,  126. 
Crystals,  expansion  of,  iil  256. 

on  measuring,  Eliakej  i,  308. 
Crjstallographic  and  crystallogenic  oon- 
tnbutions,  No.  lY,  Dana,  iy,  89,  252, 
398. 
Currents,  marine,  of  the  north  ctroum 

polar  basin,  iy,  383. 
OwrHa,  Botany  of  N.  C.  survey,  v,  271. 
Esculent  Fungi  of  United   States, 
noticed,  ii,  129. 
Cyanic  ethers,  iii,  388. 
Cyanhydric  add,  Berthehi^  vii,  420. 

homologues  of,  Ebfinann,  iv,  416. 
Cydopedia,  American,  noticed,  il,  138; 
iv,  140;  yi,  48L 


D'Afrelet's  observations  on  fixed  stars, 

noticed,  iv,  287. 
DaU,    W,  H.y  explorations   in  Russian 
America,  i,  139;  v,  96. 

on  a  pure  scarlet  1,  291. 
Ikma,  J.  D.J  on  cephalization,  with  re- 
plies to  objections,  i,  163. 

on  spontaneous  generation,  i,  389. 

on  Snepard's  oorundophilite  and  pa- 
racdumbite,  ii,  269. 

on  tumerite.  ii,  420. 

origin  of  earth's  featurea  ii,  205, 252, 

connection  between  crystiUline  form 
and  chero.  constitution,  iv,  89,  252. 

crystallogfrapic  and  crystallogenic 
contributions,  Na  IV,  iv,  89,  262,  398. 

on  mineralogies  nomenclature,  iv, 
145,  436. 

chemical  formulas  of  the  silicates,  iv, 
252.  39a 

chemical  formulas  of  the  feldspars, 
micas,  soapolites,  eta,  and  relations 
between  proportion  of  silica  and  alka- 
lies, iv,  398. 

isomorphism  of  isometric  and  dino- 
hedral  feldnpars,  iv,  406. 

dassiflcation  of  the  elements,  iv,  261, 

editorial  note  in  answer  to  Hlnridis, 
y,  102. 

note  on  anhydrous  silicates,  v,  109. 

Hawaii,  eruption  in.  vi,  105,  122. 

on  the  magnetite  in  the  Penn8ville| 
mica,  viii,  860. 


Dama,  J,  D^  ged.  of  the  New  Haven  re- 
gion, etc.,  noticed,  ix,  275. 
Mineralogy  of,  5th  ed..  noticed  vi,  133. 
corrections  for,  viii,  433. 
Dana,  S.  L.,  obituary  of;  v,  424. 
Darwin  on  dimbing  plants,  noticed,  i,  1 20. 
variation  of  animids  under  domestic 
cation,  noticed,  y,  141;  A-^iMr,  vi,  140. 
Daubeny,  C,  obituary,  v,  124,  272. 

ozone  firom  placts,  iii,  273. 
Dambrie  on  meteorites,  ii,  1 24. 

Substances  Minerales,  eta,  noticed, 
viii,  419. 

synthetic  experiments  on  meteorites, 
noticed,  viii,  419. 
Daviddoriy  O.,  effects  of  sun's  heat  on  a 

sand-hUl,  ix,  255. 
Dawaon,  J,    Wl,  Acadian  Qeology,  no- 
ticed, vi,  267« 
E(W>n  Canadense,  iii,  270 ;  vi,245. 
fossils  firom  the  Laurentian,  and  on 
Eozoon,  iv,  367. 
graphite  in  Canada  Laurentian,  1, 1 30. 
new  Zonites,  vi,  265. 
paleosoic  insects,  iv,  116. 
Day,  Jeremiah,  obituary  of;  iv,  29). 
Dead  Sea,  formation  of;  Lartet,  ii,  266. 
Debraiy,  o\\  chlorids  of  tungsten,  ii,  254. 
on  compounds  of  mdybdic  and  phos- 
phoric adds,  vi,  397. 
DeCfandolle,  A.,   Address  at  Botanical 
Congress,  ii,  129,  230. 

laws  of  nomenclature  at  Botanical 
Congress,  vi,  63. 
Botanical  nomenclature,  1,  274. 
Prodromua,  noticed,  ii,  427 ;  vi,  408. 
De  CandoUej  C,  Piperaces,  noticed,  iii,  1 28. 

th^orie  de  la  feuiUe,  vi,  272. 
Defbrest,  R  X.,  on  correcting  an  error  of 
temperature  from  unequ^  lengths  of 
months,  i,  371. 

on   correcting  monthly  means,  ii, 
154,  289. 

on  reducing  meteorological  observa- 
tions, iii,  316. 
De  la  Bue,  TT,  solar  physic*,  iii,  1 79, 322. 
Delesse,  Carte  Agronomique,  noticed,  i, 
429. 

Hydrographic  map  of  the  department 
of  the  Seine,  noticed,  iii,  1 35 ;  iv,  143. 

Le  Metamorphism  des  Roches,  no- 
ticed, viii,  188. 
lithologie  des  Mers,  ix,  144,  286. 
on  Origin  ot  rodcs,  noticed,  ii,  440. 
B;evue  de  Gedogie,  eta,  noticed,  i, 
286. 

Delesaert  F.,  obituary  of,  viL  142. 
Density,  finding  difference  ot  iii,  390. 
DuChiecmatf  action  of  heat  on  crvstals, 
iv,  112. 
on  padindite,  iii,  271. 
on  transparent  wolfhm,  viii,  137. 
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DesCMsseawc  on  wolframite,  I  271. 
Desdoizite  of  Wheailey  mine,  Smiihy  viii, 

137. 
Desor,  on  Sahara,  noticed,  i,  143. 
I>eviUe,  graphitoidal  boron,  iii,  260,  388. 
on  magnesia  in  hydraulic  cements,  i, 
425. 

Dewej/j  (7.,  Oaricography,  i,  226,  326;  ii, 
243,  826. 
obituary  of,  v,  122. 
Dexter^  W.  P.,  chemical  apparatus,  yi,  61 
sulphates  of  antimony,  vi,  78. 
preparation  of  hydrofluoric  acid,  ii, 
110. 
Diamond,  colored  by  heat,  ii,  270. 
orig^  of,  C?umccurtoi8y  ii,  271. 
in  Australia,  ix,  276. 
in  Oregon,  viii,  441. 
Diamylene,  oxydation  with  chromic  add, 

Wak,  V,  67. 
Diatomacees,   spectroscopic  examination 

of.  viii,  83. 
Dickerson^  A.  B.,  volcanic  eruption,  v,  131. 
Dissociation  of  unmoniacal  compounds. 

Isambert^  ix,  387. 
Distillation,  on  products  of,  Assfrntss,  v, 

274. 
Dodo,  skeletons  of,  discovered,  i,  273. 
Doherty,  Organic  Philosophy,  roL  n,  v, 

427. 
Dolomite,  formation  of,  Hunt^  ii,  63. 

gypsum  decomposed  by,  ^int^  ii,  60. 
DottglaSf  J*.,  source  of  muscular  power, 

V,  110. 
J>ouming^  A.  J.^  fimits,  etc.,  of  America, 

noticed,  ix,  142. 
Dredging,  ocean,  ix,  129,  410. 
Drift-boulder  and  scretdies  of   Engle* 

wood,  Dwight,  i,  10. 
Drift  in  Labrador,  Packard^  i,  30. 
in  Wisconsin,  BUsa^  i,  266. 
in  South  Wales,  Symands,  i,  259. 
in  western  and  soutliem  states,  EU- 
gard,  ii,  343. 
in  southwest  Iowa,  White,  iv,  119. 
western.  Andrews^  viii,  172. 
Dudley  Observatory  annals,  noticed,  ii, 

139. 
Dfipont,  Belidan  bone-cave,  iii,  121,  260. 
Durangite,  G.  J.  Brushy  viii,  179. 
Button,  C.  E,^  chemistiy  of  the  Bessemer 

process,  1,  432. 
Dwight,  W.  B..  boulderof  Englewood.  i,10, 

Ckncsadde  land  sinking,  L  12. 
Dyeing,  Schutzenberger  on,  noticed,  iii, 

421. 
Dynamo-magnetic  machine,  Ladd,  v,  115. 

E 

Earth,  origin  of  features  of,  Dama,  ii, 
206,  252. 


Earthquake  in  Australia,  vi,  427. 
hi  Bogota,  S.  A,  HurUnU,  I,  408. 
In  CaUfomia,  1868,  vi,  428. 
in  New  England,  viii,  418. 
in  Kansas,  vi,  132;  Parker,  v,  129. 
in  N.  York,  Yt,  and  Canada,  v,  135. 
in  South  America,  1868,  vi,  422. 
in  St  Thomas  v,  133. 
in  New  England,  Oct,  1870, 1,  434. 
Earthquakes,  library  of  works  on,   for 
sale,  ii,  290. 
Perry  on,  noticed,  v,  268. 
Winslow  on,  ii,  46. 
Earthquake  waves,  etc,  Ooan^  ix,  269. 
iiarth's  crust,  change  of  axis  of,  Bvams^ 

iii,  230. 
Eanh's  orbit,  secular  variation  in  ele- 
ments of.  StockweU,  vi,  87,  436;  1,  147. 
Eastman,  J,  B.,  height  of  Kearsarge 

mountain,  viii  439. 
Eaton,  D.  C,  Gray's  field,  forest,   and 
garden  Botany,  noticed  by,  vii,  280. 
Hooker's  Synopsis  Fll'cum,  vii,  143. 
Botanical  notices,  I,  426. 
Bdipse,  solar,  on  observing  corona  dur- 
ing. Newcoir^,  vii,  413. 
spectroscope  observations,  vii,  127. 
See  f\irther,  Sun, 
Edkmd,  galvanic  expansion,  ill  266. 
Edufords,  A.  M.,  living  forms  in  hot  wa- 
ters of  CaUfomia,  v,  239. 
Edwards's  Oiseaux  fossiles  de  la  France, 

noticed,  vii,  276. 
Edwards,   W.  JET,  Butterflies  of  North 
America  by,  noticed,  vi,  160, 436;  viii, 
144,  483 ;  ix,  427. 
Eggeris,  on  determming  carbon  in  iron, 

vii,  374. 
Efrgs,  coloring  matter  of,  Stddeler,  vi,  235. 
Bgleston,  T.,  geological  survey,  noticed, 

iii,  114. 
Elam's  Physicians  Problems,  ix,  444. 
Elasmognathus,  CfiU  iii,  370. 
Elasmosaorus,  note  on,  Oope,  1,  140,  268. 
Elba  stone  implements,  i,  427. 
Elderhor8t,W.,  Blowpipe  analysis,  iii,  136. 
Electrical  machine,  form  of  discharge  be- 
tween pdes  of,  WriglU,  ix,  381. 
Electric  apparatus,  new.  iii,  107, 247, 386. 
brush  and  glow,  spectrum  of,  iii,  394. 
conductivities,   method  of  measur- 
hig,  Mayer,  1,  307. 
currents  by  percussion.  Rood,  ii,  12. 
light,  cof»tof,  Farmer  v,  112. 
spark,  figures  produced  by,  ix  289. 
telegraph.  Manual  of,  by  F.  L.  Pope, 
noticed,  viii,  160. 
Electricity,  disdiarge  of  Ley  den  jar  with 
induction  coU,  E^od,  viii,  163. 

Faraday's  discoveries  in,  TyndaU,  vi, 
34,  180. 
Electrification  of  an  island,  1,  148. 
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Electro-magnetiflin,  reaeardies  in,  Jfoyer, 

1,  196. 
Electro-motive  forcOf  Haug^  \i,  381 ;  iii,  43. 
Elements,  atomic  volumes  of,  vii.  180,308. 
new,  associated  with  zirconium,  viii, 
406. 
spectra  of,  Himricha^  ii,  360. 
Elevations,  see  Hbights. 
Eliot  k  Storer^B  Chemistry,  noticed,  iii, 

420;  vi,  130. 
Elliot's  birds  of  N.  Amenca,  i,  433. 
Encke,  J.  F.,  biographical  sketch  of,  ui,  1 0. 
Encyclopedia.  Chamber's  noticed,  iv,  144. 
Engel,  0.  G.  F.,  obituary,  v,  282. 
Ekgdmamny  O,,  Jund  of  N.  America,  ii, 

128. 
Engineering  Magazine,  Van  Nostrand's, 

vii,  296. 
Bntomolotfical  correspondence  of  Harris, 
noticed,  viii,  143. 

Society,  Philad.,  Transactions,  i  144 

iv,  296;  v,  144,  428 ;  vi,  160, 161,  288. 

Entomologist,  American,  noticed,  vi,  436; 

L  439. 
Entozoa,  beef  and  pork  as  sources  of,  i, 
283. 
new  species  of,  VerriUy  \  223. 
Eocene,  division  ot  Conrad^  i,  96 ;  HU- 
gard,  ii,  68. 
See  also  Gbologt. 
Eozodn,  Chrpmter  on,  i,  406 ;  vi,  246. 
in  Finland,  iv,  284. 
in  Massachusetts,  ix.  76. 
organic  nature  of,  Dawaon  and  Car- 
pentefy  iv,  367;  inorgunic  nature  of. 
King  and  Rovmey^  iv,  376. 
See  also  Geology. 
Erbia,  Bohr  and  Bunaen^  i,  399. 
Erdmann,  A.  J.,  obituary  of^  ix,  144. 

0.  L.,  obituary  of,  ix,  144. 
Erdmann's  Expos^  des  formations  Qua- 
temaires  de  la  Suede,  noticed,  vi,  436. 
Essex  Institute,  Bulletin,  vii,  436. 
Peabody's  gift  to,  iii,  416. 
Proceedings,  i,  144, 431 ;  ii,  140, 
292;  iii,  424;  iv,  296;  v,  144,  428;  vi, 
288;  vii,  296;  ix,  444. 
Ethers,  arsenic  and  ar.«enious  add,  Oa/29, 
1,10. 

butyric  and  caproic,  synthesis  of,  i, 
116. 

chlorioated,   for  synthesis  of  alco- 
hols, Liebm,  iii,  249. 
cyanic  iii  388. 

of  silidc  add,  IHedei  and  On^^  iii, 
166,  331. 
Ethyl  arpeniate  of,  1,  10. 

arseniteof,  1,  16. 
Ethylates,  potasfdc  and  sodio,  viii,  413. 
Btiiylene-sodium,  a  new  radical,  Wcmk' 

Jyn^  viii,  413. 
Eudiometer,  a  new  form  of;  Oodht^  iv,  199. 


BtoM,  EL  W.,  oil-beariog  uplift  €i  W. 

Virginia,  ii  334. 
EvarUf  J*.,  geological  changes  in  podtion 

of  axis  of  earth's  cmst,  iii,  230. 
Expansion,  galvanic,  iii,  256^ 
of  cry^'ials,  iii,  266. 
of    metals    and    alloys    by    beat^ 
Motthienen,  iv,  110. 
of  solids,  measure  of,  Jfuflor,  viii,  407. 
of  water  and  mercuiy,  iii,  264. 
Expedition,  polar,  new.  i  427. 
Exploration  in   Russian  America,  con- 

neoted  with  Telegraph  Go.,  i,  139. 
Exploring  expedition  to  the  interior  ba- 
sin. King,  iv,  118. 
Exposition,  Paris.  1867.  NieU^,  v,.  73. 
minerals  of,  Blake^  v,  194. 
Reports  on.  ix,  287 ;  BamariTa^ 
viii  297 ;  BkMa,  viii  126;  £MttX  viii, 
447;  list  of,  ix,  268;  1,  296. 
Bye-piece,  new  binocular,  SnU^  v,  42. 


Falling  bodies,  apparatus  for  abowing 

laws  of,  ii,  418. 
Faraday,  obituary,  iv,  293;  l^wdall,  vi, 

34.  80;  detei^Mie,  V,  146. 
/brmer,  M.  G.,  cost  of  electric  light,  v,  112. 
magnetic  effects  of  the  aurora,  i,  118. 
niechanical  equivalent  of  lighi  i,  214. 
Farmer'a  theorem  discussed,  SHmpaotif 

1,  372 ;  note  on  Stimpaon's  paper.  SO^ 

liman,  1,  377. 
Fbrquhar,  E.  J.,  new  variable  star,  ii,  79. 
fby,  2!  &,  Great  OutUne  of  Geography 

by,  noticed,  1,  161. 
Featherstonhaugh,  G.  W.,  obitnaiy  of,  iii, 

136. 
Femur,  work  on  exdskms  of^  for  gun- 
shot injuries,  noticed,  viii  448. 
Fendler,  A  ,  on  prairies,  i,  164. 
Ferns,  arrangement  of^  mneka^  i  276. 
Ferrocyanid  of  potassium,  action  of  on 

monocliloracetic  ether.  Loew^  v,  383. 
Feuditwanger's  treatise  on  Gems,  no- 
ticed, iv,  296. 
Field's  History  of  Atlantic  Tdegraph, 

noticed,  ii,  437. 
Firday,  G.,    prehistoric  Archssdogy  in 

Greece,  1,  251. 
Fischer's  salt,  SadHer,  ix,  189. 
Fishes  destroyed  in  Bay  of  Fundy,  vi  269. 
Fizeau,  expansion  of  crystals,  iii,  266. 
Flagged  Hand-book  of  tiie  ^itphar-onre 

for  the  vine-disease,  etc.,  noticed,  ix, 

442. 
Flame,  Bimsen,  theory  of^  Knapp,  \  266. 
monochromatic,  Niddka,  iii,  92,  93. 
reactions,  Bunaen,  iii  110. 
sodium,  Nicma,  iii,  92. 
sounding,  SmiiKt  v,  421,  42S. 
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Flames,  luminouo,  Httgard^  vii,  218. 

Flammarion's  Astron.  studies,  iii,  423. 

Fleck^  H.,  on  sodium  in  ezplosiTes,  vii,  431. 

Florida,  change  of  level  oti  comrtof^  I  406. 

Fluorescence,  LoughUnj  iii,  239. 

Fluohydric  acid,  properties  ofj  Oore^  viii, 
406. 

Fluoiids,  new,  KiekHs^  y,  66. 

Fljing-flsh.  K  Jfofm,  i.  272. 

Fonda^  on  Franklinite,  viil  138 

Footmarks  in  Kansas,  Mudge,  i,  174. 

Foraminifera  in  depths  of  ocean,  ix,  415. 

Forbes,  J.  D.,  obituary,  yii,  294. 

Force  and  Will,  Chuktj  iz,  277. 

Formic  versus  carbonous  add,  Barker, 
hr,  263. 

Fosidl,  see  GsoLOOT^uid  Zoology. 

MatcTf  J.  W.,  Mississ^i  Valley  by,  no- 
ticed, viii,  150. 

Foucault's  objectives,  ill,  254. 

Foumier  on  Crucifene,  noticed,  ii,  277. 

Ibumes^  O.j  Chemistry  by,  noticed,  viii, 
448. 

Dranklcm4i  E^  acids  of  the  lactic  series, 
iv,  268. 
Chemistry  by,  noticed,  iii,  137. 
on  combustion  underpressure,  vi,394. 
on  gaseous  spectra,  viii,  402. 
Mource  of  muncular  power,  ii,  393. 

Fraunhofer's  lines,  wave-lengths  of,  i, 
396. 

French,  J.  W.,  preces-^ion-period  in  Chro- 
nology, 1,  172. 

Fresenius,  Johnson's  edition  of.  ix,  255. 

Fresnern  theory  of  reflexion  fh>m  glass 
surfaces,  Road,  iii,  104. 

Friction,  heat  of.  Cooke,  i,  116. 

Friedd,  C,  silicic-acid  ethers,  iii,  155, 331 
on  silico-propionic  acid,  1,  416. 


Gabb,  W.  M.,  Cretaceous  of  Califbmia, 
iv,  226. 

PaleontoUigy  of  California,  noticed, 

i.  284;  V,  288;  viii  133. 

Oaffidd,  T.,  action  of  sunlight  on  glass, 

iv,  U4t,  316. 
GaUatin,  A.  M.,  on  ammonium  and  on 
tests  for  nascent  hydvogen,ix,  256  257, 
Galv><nic  battery,  Hougfh,  viii,  182. 

circuit,  resistance  of,  Haug,  ii,  383 ; 
iii,  43. 

GkuB,  effect  of  mixture  with  atmospheric 

air  on  illnmioating  power  of,  SUUman 

and  Wvrto,  viii  40.  ' 

lamp  and  regulator,  Dexter,  ti,  51. 

on    determining    the    photometric 

power  of,  etc.,  SiUiman,  1,  379. 

relation  of  light  from,  to  volume  oon- 
Bumed,  SiUinum,  ix,  17. 

well  in  New  Yoric,  Wurit,  ix,  336. 


Gases,  specific  gravity  of.  Schmidt^  ui,  391. 
Oasparini,  G.,  obitunry,  v.  124. 
Gasteropods,  sulphuric  add  of,  ix,  420. 
Gau88oiii,  £.,  on  island  of  Navassa,  uo- 

ticed,  ii,  439. 
Geinitz.  H,  B.,  plants  of  the  coal  forma- 
tion of  Langeac,  Haute  Loire,  1.  269. 
on  a  Gennan  meteorite,  vi,  284. 
on  Taconic  f-late  in  Germany,  iii,  409. 
Steinkohlen  Deutschlands,  eto.,  no- 
ticed, i,  285,  430. 

on  the  uiper  FaXeozoAo  rocks  and 
fossils  (»f  S.  E.  Nebraska,  review  of, 
Meek,  iv,  170  282,  327. 
Gems,  Feuchtwanger^s  treatise  on,  no- 
ticed, iv,  295. 
GentJi,  F.  A.,  cabinet  for  sale,  i,  141. 
chrysolite    with    chrome    iron,  in 
Pemi..  i,  120. 
mioeralogical  contributions  v,  305. 
Geographical  distribution  of  birds,  i,  78, 
184,  337. 

notes    on    earliert   discoveries    in 

America,  Stevens,  viii,  299,  437. 

notices,  OHman  iv,  377 ;  vii,  98, 377. 

Soc.  of  London,  Journal,  noticed, 

iv,  381. 

Geographic  andenne  et  modeme,  diction- 

naire  de,  noticed,  iv,  382. 
Geographisches  Jahrbuch,  1866,  noticed, 

iv,  382. 
Geography,  Great  Outline  of,  noticed,  I, 

161. 
Geological  cabinet,  Genth^e,  for  sale,  i,  1 41. 
Sketches,  by  Agcuaiz,  noticed,  i,  407. 
Charts.  1,  425. 

Reports,  list  of  American,  iii,  116, 
399. 
Gbolooioal  Works,  noticed : — 
Barrande,  Pt^ropodes  Siluriens  de  la 

Boh^e,  V,  120. 
Bigeby,  Thesaurus  siluricus,  vi,  435. 
BiUinge^  fossils  of  Anticosti,  iii,  137,259. 

fossils  of  Canada,  i,  124. 
Buckley,  on  Texas  G^l  survey,  11, 438. 
Oailin,  Rodcs  of  America,  1,  135. 
Cocchi,  central  Geology  of  Italy,  ii,  123. 
Oock,  Geolojry  of  New  Jersey,  vii,  112, 

279,  429. 
Dana,  geology  of  ihe  New  Haven  re- 
gion, eta,  ix,  275. 
Daweon,  Acadian  geoL,  new  ed.,  vi,  267. 
Deleese,  Carto  geoloKique  du  depart- 
ment de  la  Seine,  11,  440 ,  iii,  135. 
Origin  of  rocks,  ii,  440. 
Bevue  de  Geologie,  i,  286 ;  iv,  122; 
vi,270. 
Edwards,  Oiseaux  fossUee  de  la  France, 

vii,  276. 
Egkkon,  survey  west  of  Omaha,  iii,  114. 
Erdimann^  Expos^  des  FormationB  qua- 
temaires  de  la  Sudde,  vi,  406. 


Digitized  by  VjOOQ  iC 


464 


INDEX,  VOLa  XLI — ^L. 


Gbolooioal  Works  noticed: —  I 

Erdmann^  map  of  Sweden,  i,  429.        | 
Oabb,  Paleontology  of  California,  i,  284 ; 

Y,  288;  viii,  133 
Oaussoin^  Island  of  Navassa,  West  In 

dies,  ii,  439. 
CMnita,  see  GsiNm. 
Geological  Magwdne,  ii,  273. 
HaU^  «r.,  new  Crinoidea,  iii,  409. 
Paleaster.  etc.,  iii,  409. 
Paleontology  of  New  York,  iv, 
142,  273. 
HamiUor^    Report    on    Nova   Scotia 

mines,  ii,  123. 
Eaydenf  Report  of  Golorada  ix,  268. 
the    Yellowstone    and  Mis- 
souii,  ix,  118. 
Rocky  Mountain  8cene|ry,  1,  126. 
Hikhcock^  maps  in  preparation,  yi,  140. 
GeoL  Rep.  on  N.  Hampshire,  I,  426. 
HowghUn^  Manual  of  Gedogy.  iv,  121. 
How,  survey  of  Nova  Scotia,  ii,  123. 
Hyak,  fossil  cephalopoda,  v,  419. 
JylUn^  Geology  of  Sombrero,  ii,  439. 
JTarr,  Report  on  N.  C.  survey,  iii,  284. 
Kj0ndf%xi^  Dahi,  oliart  of  Norway,  vi, 

269. 
Laphamf  map  of  Wisconsin,  vii,  279. 
Lariet  Hud  Uhristy^  Reliquis  aquitaoi- 

c»,  ii,  291 ;  vit,  161,  279. 
Ledquercuz,  Fuooids  iu  coal-formation, 
ii,  2t>4. 

Tertiary  plants  of  Mississippi,  iv, 

121. 

Logan^  Canada  survey,  ill,  264. 

map  and  sections  by,  i,  408. 

map  of  Canadii,  ix,  394. 

Maack's  Schiidkroten,  Oope.  1,  136. 

MaUhea^  rocks  of  S.  New  Brunswick, 

ii,  124. 
Meek^  Bellerophontidse,  ii,  126. 
crinoids,  unaU  of,  1,  136. 
geology  of  Mackenzie  river,  v,  418, 
on  fossils  of  Ulmois,  eta,  and  on 
Spirifer  ouspidatus,  i,  409. 

snd  Worthenf  Illinois  paleontology, 
Ui,  111. 
Meneghini^  Dentox  MQnsteri,  ii,  124. 
Moore^  fossils  in  mineral  veins,  1,  266. 
Mudge,  Rep.  GeoL  Kansas,  iii,  283. 
Murchiaon^  Siluria,  v,  121. 
Newierry^  Chinese  coal  fossUs,  iii,  284. 

survey  of  Ohio,  ix,  400. 
PaekorcPs  glacial  phenomena  of  Labra- 
dor and  Maioe,  iv,  117. 
Prni^peOy,  China,  Japan,  eta,  iii,  40a 
Banuay,  geology  of  N.  Wales,  ii,  266, 
Rhnond^  geology  of  N.  Mexico,  ii,  261. 
/2oemar,  spider  fh>m  coal-formation,  ii, 

123. 

Safford,  Tenn.  GeoL  Report,  i,  409 ; 
vi,436;  viii,  416. 


GxoLOGiOAL  Works  noticed : — 
Sagdrd,  geoL  map  of  Tenn.^  i,  385. 
iSSsefey,  Omithoeauria.  1,  134. 
Shumard,  Cretaceous  of  Texas,  ii,  123. 

paleozoic  fossils,  i,  124;  ii,  118. 
Siimonda,  anthradto  rocks  of  Alps,  iii, 
409. 
chart  of  N.  W.  Italy,  iii  116. 
Smithsonian  contributions  to 

tology,  iii,  363. 
SwaUoWy  Rep.  GeoL  Sorv.  Kansas,  in, 

283. 
Vi}9e,  Orographic  geology,  ii.  123,  206. 
Whit^  Iowa  survey  Rep.,  iii,  284;  tr, 

121;  V,  402. 
WhiiMy,  Rep.  on  Geol.  of  California, 
noticed  and  reviewed,  i,  1 24, 231 ,351 . 
WhUUuey^  explorations  in  MinneeoU, 

ii,440. 
WincheU^  Grand  Traverse  region,  ii,268. 
Woodward's  British  fossil  Cmstacea, 

iv,  116. 
Worthent  Rep.  GeoL  lUinoia,  ii,  291 ; 

iii.  110,396;  vu.  161. 
Winkler^  Mus^  Teyler  catalogue,  t,  1 2 1 . 
Geological  survey  of  California,  i,  428; 
viii,  161 ;  ix,  400. 

Canada,  iii,  264;  ix,  394. 
Colorado,  iv,  284. 
Indiana,  viii,  138 ;  1, 136. 
nimois,  ii,  291;   iii,  110,  S96; 
vii  161. 
Iowa,  ii,  272;  1,  136. 
Kansas,  iv,  32. 
Louisiana,  viii,  331. 
Nebraska  iv,  284;  t,  268. 
New  Yoik,  iv,  142,  273. 
Nova  Scotia,  i,  286. 
Ohio,  viii,  447. 

Tennessee,  Safford,  i,  286,  409; 
vi,  436;  viii,  416. 
GbOLOOT  AKD  PALBOmrOLOGT: — 

.^pyomis,  ix.  276. 

Amazon  fossils,  1,  294,  424. 

Amer.  fossiliferous  strata,  Omrad^  vfi, 

358. 
Amiens  gravel,  Tylm-y  vi,  302,  43(L 
Andes  of  Kcuador,  OrUm,  vii,  242. 
Arizona,  SOUmam  on,  i,  289. 
Australian  gigantic  marsopiala,  i,  258. 
Aviculopecton,  Metk^  y,  64. 
**  Bad  Lands"  of  Upper  Miaaoiiii,  Boy- 

(fen,  ii,  426. 
Basin  of  the  Great  Lakes,  ]!hmbmf% 

ix,  101. 
Batrachia  and  Reptilia,  Cbpe,  1,  150. 
Bemnums  Dan»,  Mmk,  iii,  267,  394. 
Blastoidea,  structure  of;  Bf/Waja,  vii, 

353;  1,  226. 
Bone-caves,  Brazil,  Reikkardt,  vi,  264. 
Brazil,  reptihan  remaina  of;  Mank^  vn, 

390. 
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Gbologt  and  Palbontoloot: — 
BuriiDgtoQ  limestone  formationB,  ii,  96. 
Oalamiteffi   and   Equifletaoe»,   Oarru- 

thersy  yii,  279. 

California  gold-flelds,  FhiOipa,  yii,  134. 

new  facts  in  geology  of,  WJnUnefff  i, 

262. 

Gave  mammals,  Oope^  ix,  273. 

Oephalaspis,  species  of,  i,  261. 

Ctdna  and  Japan,  changes  in,  Bick- 

more,  v,  209. 

oohI  formation  of,  Nowberry,  ii,  161 

Japan,  eta,  PumpeOy,  i,  146. 

CobX  in  Nebraska,   Haydm^  y,    198, 

326;   WhUty  V,  399. 

in  Rocky  Mts.,  Hayden,  y,  101. 

"Goneinoone,'*  Jfar4A,y,  218;  WhUe, 

y,  401. 
Conn.  Riyer  sandstone,  siq>po6ed  tad- 

pole  nests  in,  Shepardy  iM,  99. 
Cknals  from  Neyada  Silurian,  y,  62. 
Oriooidea,  Meek  and  Worthm^  i,  124; 
viii,  23. 
HaO,  i,  261. 

Oystidea,  Blastoidea,  BiMnge,  yiii 
69;  ix,  61;  1,  226. 
Orab,  oldest  known  British,  ii,  264. 
Cretaceous  coal  in  New  Mexico,  Le- 
Otmte,  y,  136. 
plants  in  Nebraska,  yt  91. 
in  N.  America,  yi,  401. 
b&ds  of,  ix,  206,  272. 
and  Eocene,  mixtures  of,  Oonrad, 
ix,  276. 
Dakota  Cretaceous,  Bayden^  iii,  171. 
Northeastern,  geology  of^  Hoyden, 
iii,171. 

Mammals  of,  ix,  274. 
Dead  Sea,  Lartet,  ii,  266. 
Denudation,  suba^rial,  Whiktkery  yi,268 
Dinomis.  etc.,  in  Australia,  ix,  273. 
Dinosaur,  in  Cretaceous  of  N.  J.,  Cope, 

ii,426. 

Discosaurus,  Ltidy,  1,  139. 

Drift,  absence  of,  from  Pacific  slope  of 

Rocky  Mts.,  Brawtiy  1,  318. 

in  8.  W.  Iowa,  WhUe,  iii,  301. 

Earth's  features,  origin  of,  Dana,  ii, 

206,  262. 
Elasmognathua  Cfitt,  iii,  370. 
Elasmosaurus  platyurus,  ix,  392 ;  1, 140, 

268. 

Enaliosaur,  new.  Cope,  yi,  263. 

Entomostraca,  Paleozoic,  yi,  266. 

Boceue,  Conrad's  group  of^  HQgard,  ii, 

68. 

new  group  in,  Oonrad,  i,  96. 

Eosoon,  Carpmter,  i,  406. 

Bayaricum,  iii  398. 

Canadense,  Dawson  and  Chrpen- 

ter,  yi,  246,  436. 

deeoribed  by  Dawson,  iii,  870. 


Gbologt  and  Palbohtoloot: — 
Eoeo6n  in  Massachusetts,  ix,  76. 
Euprodps,  Meek,  iii,  267,  394. 
Fidi-remains  in  Western  N.  Y.,  Brad- 
ley, iij  70. 
FoesilH  in  Califemia  auriferous  rocks, 

iii,  270. 
Gayial  fVom  N.  Jersey  Eocene,  Matrsh, 

1,97. 
from  China,  Bichthofen,  1,  410. 
Gibraltar  cayes,  report  on,  yii,  277. 
Glacial  drift  beneath  Lake  Midiigan, 

Andrews,  ia  76;  BOgard,  iii,  241. 
Glaciers,  cause  of  descent  of,  Moeeley, 

1,263. 
in  Green  Mts.,  Bmgerford,  y,  1. 
White  Mts.,  iii  42. 
Gold-bearing  rocks  of  Califomia.  Blake, 

y,  264;  Brewer,  ii,  114:  y,  397. 
Horse,  tooth  of,  fh>m  Table  Mt,  Blake, 

I,  262. 
Hudson  riyer  group,  name  of.  Meek,  ill, 

266. 
Illinois,  new  fossils  in  coal-formation 

of.  Meek  and  Worthen,  i  123. 
Niagara  fossils  near  Chicago,  Win- 

ehell  and  Marcy,  i,  409. 
Section  of  rodcs  of,   Warihen,  iii, 

268. 
Insects,  in  N.  Scotia,  etc.,  iy,  116. 
Iowa  coal  measures,  White,  v,  331. 
Kansas,  Liassic  footaoarks  in.  Mudge,  i, 

174;  iS^olZem;,  i,  406. 
supposed  footmarks  in.  BUcheock, 

yii,  13i. 
Lakes  of  North  America,  sources  of, 

iii,  193. 

as  Chronometers,  Andrews,  I, 

264. 
Laurentian  of  Canada,  g^n^ite  in,  1, 

130. 
of  Noya  Scotia,  ix,  347;  1,  132; 

417. 
fossils.  Dawson,  iy,  367. 
lias  Hud  oolite  of  Australia,  Moore,  \, 

269. 
Lignites  of  the  West,  Ha/yden,  y,  101, 

198. 
Louisiana,  lower,  geoL  of,  HUgard,  yii, 

77. 
Maine,  post-tertiary  fossils  of,  il  426. 
Mastodon  in  CaUfomia,  SiXUman,  y,378. 
remains,  Cohoes,  N.  Y.,  ii,  426; 

iii,  116. 
**  Mauyaises  Terres*'  m  Colorado,  1,  292. 
MedussB  fosrils,  Haeckel  on,  11  133. 
Megadactylus  polyzelus  of  Hitdicodc, 

Cope,  ix,  390. 
Megak>nyx  Jeffersoni  in  DL,  Leidy,  \, 

270. 
Michigan,  Marshall  group  of  foBsils,  i, 

120. 
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Missiflsippii  Quarteruiiiy  of,  HUgard,  i, 

311. 

Kosajsauroid  reptiles,  Manhj  viii,  392. 
Naiades,  shell-structure  of,    White,  v, 

400. 
Nevada  fossils,  Meek,  1,  422. 
New  England.  Geology  of;  Hunt,  1,  83. 
New  South  Wales,  sedimeDtary  forma- 
tions, y,  334. 
New  York,  fossils  in  Idvingston  and 

Genesee  Cos.,  i,  121 ;  ii,  426. 
Oil-weUs,  position  of,  Lesley,  i,  139. 
Oiktario,  geology  of,  Bunt,  vi,  356. 
Pacific  coast,  gold  rocks  of,  Brewer,  ii, 

114. 
Palffiotrochis  of  Emmons,  Marsh,  y, 

217. 
Paleoeoio  enistaoea  and  cirripeds,  ii, 

272. 
fossils,  Shwnard's  ]iBt  ot,  ii,  118. 
Peat-bed  underlying  drift,  Ortouy  1,  64. 
Pipestone  quarry.  Hoyden,  iii  16. 
Plants  of  ooalformation,  G4iniUii,  L  269. 
of  Miooene,  polar,  y,  281. 
of  Oretaoeous  and  Ti^rtiary,  N.  A., 

yi,401. 
Poat-tectiary  of  Montana,  elephantine 

tooth  and  tusk  in.  i,  427. 
Primordial,  Linguia  flags,  Walen,  i,  262. 
Rocky  Mts.,  formations  along  east  mar- 
gins of,  daydm,  y,  322. 
Secondary  fossils  in  Oregon,  Blake,  iy, 

118. 
Serpent,  new  fossil,  Mareh,  yiii,  397. 
Silurian,  Neyada,  Whitney,  ui,  267. 
Siyatherium  in  Colorado,  Leidy,  1,  270. 
South  American  notes,  Bimond,  lii,  114. 
Soutii  Carolina  phosphates,  C.  U.  Shqh 

ard,  Jr.,  yii,  364. 

origin  of,  C,  U.  Sh^pa/rd,  Sr., 

yii,  338. 
Sweden,  bituminous  gneiss  and  mica 

schist  in,  Igeletr^m^  y,  430. 
Syringothyris,  punctate.  Meek,  iii,  407. 
Tapir,  fossil,  in  California,  -State,  y,  381. 
Telerpeton  Elginense,  Muadey,  iii,  406 
Tertiary,    Mississippi    and    Alabama, 

Hiigard,  ill,  29. 
N.  and  S.  Carolina,  iii,  260. 
Texas  and  Chihuahua,  EwibaU,  yiii,378 
Termont,  geoL  notes  on.  Hunt,  yi,  222. 
western,  geol  of;  Perry,  yii,  341. 
Volcanic,  see  VolecMo. 
Zoiiites.  new,  DmMon,  yi,  266. 
See  alMo  Drtft,  Fbae&a^  Mam,  Petrolemn, 

Stoni64msdem$nta, 
Geology  and  Beyelation,  MoUoy,  noticed, 

1,  161,  440. 

Geometrical  problems.  Warren's,  iii,  284. 

Geometry,  Treatise  on  filementM*y,  Ohaiu- 

venet,  noticed,  1,  438. 


Geometry,  Cremona,  1,  488. 
Gtormination  influenced  by  rariousbodiee, 

Lea,  iii,  197. 
Oenther,  yolatile  adds  of  croton  oil,  1, 

116. 
Gibbes,  B.  W.,  obituary  of;  ii.  436. 
Gibbea,  L.  R.  on  the  oocultator,  yii,  191. 
Gitlbe,    W.,  chemical  and  physical  ab- 
stracts, i,  111,  260,  396;  ii,  264;  iii, 
107,  246,  386;  iy,  101,  266,  416;  t, 
249,  391;  yi,  124,  268,  394;  yii,  127, 
272,  416 ;  yiii,  121,  401 ;  iz,  106,  251, 
386;  I,  106,413. 
on  map  of  the  q>ecitram,  iii,  1. 
on  a  method  of  yolumetric  analysifl, 
iy,  207. 
theory  of  atomidtleB,  iy,  209. 
preoipit»tion  of  copper  by  nitro-phoe- 
phorous  add,  iy,  210. 

predpitation  of  ooigi^ef  and  nickel 
by  alkaline  carbonates,  iy,  213. 

employment  of  sand  and  glass  filters 
in  analysis,  iy.  216. 

estimation  of  manganese  as  a  pyro- 
phosphate, iy.  216. 
obituary  of  Engel,  y,  282. 
measurement  cl  waye-lengtha^    y, 
298. 
uric  add,  yi,  289. 

waya-lengths  of  Apeotral  Unas,  yii, 
194. 

on  action  of  alkaline  nitrites  npoo 
uric  add  and  its  deriyatiyes,  yiii,  216. 

method  of  aydding  obsenrations  of 
temperature  and  pressure  in  gas  anal- 
yses, ix,  376. 
Sprengel's  pump  in  analyaia,  iz,  378. 
optical  notices,  J,  46. 
Gibraltar  bone-cayea  yii  277. 
OiU,  7!,  Blasmognathus,  iii,  370. 
new  epedes  of  tapir.  1,  141. 
Smithsonian  cootiibutkHi  to  pafeon- 
tology,  iii,  363. 
Gilliss's  nstronomical  obseryationa,  iii, 

413. 
Crilmcm,  D.  €,,  geogr^fthirnl  notices,  yii, 

98.  377. 
Oilman,  W,  8  Jr,,  auroras  in  Kaine,  yi, 
390. 
on  aurora  of  April,  1869.  yiii,  114. 
Giraud,  J.  P.,  Jr ,  obituaiy  of;  1,  293. 
Gladal  dimate.  Murphy,  iz,  116. 
Glaciers,  cause  of  motion  of;   OroU,  yiii, 
278. 
cause  ol  the  descent  of;  1,  263. 
of  Alaska.  Blake,  iy,  96. 
of  Scotiand,  OroU,  1,  292. 
See  also  Drift,  Geology, 
Glass,  action  of  sunlight  on,  OofiM,  iy, 
244,316. 
crystalline  nature  of,  WefheiriXL,  i,  16. 
lead-thalKiMP,  iii,  264 
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Glass,  silvering  on,  Barker^  iii,  262. 

test  for  parallelism  in,  OibbSf  1,  63. 
Glnoose,  test  for,  Brawn,  iii,  260. 
Glycerin  and  its  derivatives,  Buff,  v,  266. 
Oiynn,  J.^  Water  us  applied  to  moving 

mills,  etc.,  1,  440. 
Cfodmn,  A,  repetition  in  analysis.  1,  249. 
Ooeaamafm^  C.  ^.,  chemi.'^try  of  brines, 
It,  11, 

salt,  ix,  78. 
Onondaga  mineral  springs,  ii,  211, 
368. 
Gold,  crystallised  mass,  OaL,  Blak6,  i,  120. 
decrease  in  prodccti<Mi  of,  vii,  432. 
in  Rhinebeck,  N.  Y.,  vii,  139. 
in  Scotland,  vii,  280. 
new  solvents  for,  iii,  96. 
of  Montana,  i,  126. 
of  Victoria,  Smyth,  ix,  263. 
ores.  Kustel  on  Brushy  vi,  287,  432. 
peculiar  occurrence  of^  SiUiman,  v, 
93. 

rocks  of  California,  i,  361;  v,  264; 

Brewer,  u,  114;  v,  397. 

See  also  Caltfomia, 

Gold-mining  districts.  Grass  valley,  SHU- 

num.  iv,  236. 

Phillips  on,  noticed,  vi.  134. 
Goldschmidt,  H.,  obituary  of,  iii,  89. 
Good  Hope,  cape  of  astronomer  at,  1, 149. 
Gould,  A.  A.,  obituary  of,  ii,  434. 
CfmUdy  R  A,y  on  Oordova  observatory,  1, 
144. 
on  force  and  will,  iz,  277. 
on  new  variable  star,  ii,  80. 
on  solar  eclipse,  viii,  434. 
on  transatlantic  longitude,  ix,  228. 
statistics  of  American  soldiers,  no- 
ticed, viii,  149. 
Graham,  T.,  obituary  of,  ix,  144. 
Grapevine,  sulphur-cure  for  diseases  of, 

^agg,  noticed,  ix,  442. 
Graphite  in  Laurentian  of  Canada,  1, 130. 
Graphitoidal    silicon,   crystallization  of, 

iv,  108. 

Gray,  A^  Address  by,  on  presentation 
of  Rumford  medal  to  Prof.  Treadwell, 
1,97. 
American  heather,  iii,  128. 
Botanical  necrology,  y,  121,  272;  vi, 
273;  vii,  140;  ix,  129. 
notabilia,  ix,  120 
notices,  1,126,410;  ii,  126,  273, 
427;  iii,  125,  272,  409;  iv,  122, 
420;   V,  121,  269,  402;   vi,  270. 
408;  ix,463;  1,42,274. 
obituary  of  W.  J.  Hooker,  i,  1. 
dimerous  flower  of  Cypripediura  can- 
didum,  ii  196. 
nomenclature  of  Miiller,  iii,  126. 
Shortia  galaafoHa,  v,  402. 
Am.  Joub.  Sci.— Sboono  Ssbibs^  Vol, 
29 


Gray,  A,y  remarks  on  laws  of  botanioal 

nomenclature,  vi,  74. 
Greece,  prehistoric  arcbsDology  in,  1,  261. 
(Treofi,  H.  A.,  fossils  of  Livingston  and 

Genesee  cos.,  N.  Y.,  i,  121 ;  ii,  426. 
locality  of  fossils  in  N.  Y.,  i,  121. 
Green  Mts.,  glacial  action  on,  Bvmgwfw^ 

V,  1. 
Greg  on  meteors,  NmoUm,  iii,  286. 
Greville,  R.  R.,  obituary  of,  ii,  277. 
Grisebach,  cataL  plant  Cubans.,  iii,  409. 
Guanape  L,  and  its  minerals,  Shepardy 

\  273. 
Guanidin,  synthesis  of^  iii,  110. 
Guatemala,  new  species  of  tapir,  GiU,  1, 

141. 
Gueriny  7!,  delivery  from  conduit  pipe,  v, 

191. 
Gulf-stream  fauna,  Pourtaks,  vi,  409, 413. 
on  the,  etc.,  Fetemumny  noticed, 

1,  296. 

soundings^  iii,  69 ;  vii,  379. 
Giimbdy  Eozoon  Bavaricum,  iii,  398. 
Gun-cotton,  Ahdy  iv,  288. 
Gunther's  record  of  zoological  literature, 

noticed,  i,  287. 
Guyot's  geographies,  v,  287. 
Gynoeoological  Society,  Boston,  vii,  288. 


Hsematoidin,  Eohn  on,  vi,  233. 
Hagemanny  (?.,  analytds  of  paohnolite,  i, 
119. 
crystallized  cryolite,  ii,  268. 
Greenland  minerals,  ii,  93. 
Ivigtite,  vii,  133. 
Haidinger,  W.  B.y  meteor  of  KnyahingBi 
iv,  131. 
on  meteorites,  viii  280. 
Hail  in  Chma,  WUUamSy  iii,  281. 
Hail-storm  of  June  20,  1869,  Eoffey,  1, 

403. 
HaU,  Ry  Flora  of  Eastern  Kansas,  1,  29. 
HaU,  Aaaphy  on  secular  perturbation  of 

planets,  1,  370. 
ffaUy  J.y  convoluted  plate  in  orinoids,  i, 
361. 

geological  map  of  tJ.  States,  by,  vi, 
140. 
notes  on  geoL  of  Minnesota,  iv,  144. 
on  new  C^oidea,  iii,  409. 
on  Paleaster,  iii,  409. 
paleontdogy  of  N.  Y.,  by,  noticed, 
iv,  142,  273 ;  vi,  363. 

shellis  of  the  Upper  Helderi^rg,  no- 
ticed, ix,  376. 
Halliday,  A.  H.,  obituary  of,  1,  394. 
Hamilton,  W.  R.,  biography  of,  ii,  293. 

elemente  of  quaternions,  noticed,  ii, 
I     438. 
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HAmmond,  It,  Indians  geoL  sonrej,  1, 
136. 

Hand,  morphology  of,  WHder^  ir,  44. 

Hansen  on  moon's  oonstitutioii,  Neweomh^ 
Ti,  376. 

Bareouriy  exercises  in  diemistrj,  iz,  141 

Harris,  T.  W.,  entomological  correspon- 
dence of,  noticed,  vlii,  148. 

Barrison,  J.  P.,  heat  to  moon  from  son, 
i,277. 

Harvey,  W.  H.,  obituary  of,  ii,  129,  173. 

Hassall  on  urine,  noticed,  i,  422. 

HcMQ,  H.,  electro-motiye  force,  and  re- 
sistance of  galvanic  circuit,  ii,  381 ;  iii, 
43. 

Hawaii,  eruptions  in,  Coan^  iii,  264 ;  yi, 
106;  Tii,  89;  ix,  393. 

Bawley^  C.  JSl,  mines  of  Almaden,  Spam, 

T,9. 

quicksilver  mines  of  Santa  Barbara, 

Peru,  V,  6. 

Eayden^  R  F.,  Dakota  geology.  Hi,  16, 

171. 

formations  of  east  margins  of  rodcy 
mountains,  v,  322. 

geology  of  Kansas,  Iv,  32. 

geological  survey  of  Colorado,  etc., 
iz,  268. 

lignite  deposits  of  the  West,  v,  198. 

report  on  the  Yellowstone  and  MiS' 
Bouri,  noticed,  iz,  118. 

Rocky  Mt  coal  beds,  v,  101. 

Sun-pictures  of  Rocky  Mt  Scenery, 
1,  126. 

tour  tiirough  '<  Bad  Lands,"  noticed, 
ii,426. 

workable  coal  in  Nebraska,  v,  326. 
Haye$,  A.  A,^  color  of  water  of  Lake 

Leman,  ix,  186. 
Hayes,  K,  obituary  of,  iv,  189. 
Heat,  absorbed  by  water  vapor,  ii,  269, 

action  of,  on  crystals,  VeaCkmeaiix, 
iv,  112. 

atomic,  Schmidt^  iii,  391. 

dew  formed  by,  iii,  246. 

distrib.  by  ocean  currents,  1,  118. 
of,  over  the  enrth,  Chase^  iv,  68. 

emission  and  absorption  of^  Magnma, 
iz,  106. 

flame,  use  of,  in  laboratory.  Smithy 
1,341. 

low,  emission,  absorption  and  re- 
ezion  of,  Magma,  I,  106. 

mechanical  theory  of;  with  its  appli- 
cation to  the  steam-engine,  ClatuiuB, 
noticed,  iv,  437. 

of  combination  of  boron  and  siHoon 
with  chlorine  and  ozygen,  iz,  386. 

of  friction.  Choke,  I  116. 

of  sun,  eiTectB  on  a  sand-hill,  iz,  266. 

reflection  o(  from  fluor-spar,  etc., 
Magnus^  iz,  107. 


rHeat,  Magnus,  to  moon  from  sob,  Barri' 
mm,  i,  277. 

nndulatory   theory  of,  BabmH,  It, 
111. 
ifiMT,  Miocene  polar  flora,  v,  281. 
Heights,  see  AUUudea, 
HeMM,  on  formula  of  urea,  vi,  237. 

recovery  of  uranium,  1,  113. 
Helmholts,  takes  chair  of  Physics  in  Ber- 
lin. 1,  293. 
Henfr^y's  Elementary  Botany,  noticed,  1, 

429. 
Hetmmaty,  J.  H.  K.,  on  distiib.  of  tern- 
perture,  noticed,  iv,  438. 
raiu-faU  affected  by  moon,  vi,  283. 
Henry,  J.,  eztract  frtim  Smitiisonian  re- 
port on  transfer  of  the  library,  v,  137. 
Henry,  T.  H,  nickel  and  oobalt  from 

manganese,  vii,  130. 
Hercynite,  WbOe,  viii,  360. 
Hermamn,  on  some  minerals,  1,  270. 
Hesfienberg,  min.  notizen,  noticed,  i,  409 ; 

iz,402. 

Hetch-hetchy  valley.  Hofmofm^  vi,  266. 
HUgard,  R   TT.,  drift  in  western  and 
southern  states,  ii,  343. 
Quaternary  of  Mississippi,  i,  311. 
geology  of  Louisiana,  vii,  77. 
Illinois  glacial  drift,  Ui,  241. 
Miss,  and  Alab.  Tertiary,  iii,  29. 
on  Conrad's  Eocene,  ii,  68. 
on  geoL  reconnoisance  of  Lomsiaiia, 
viii,  381. 
processes  in  luminous  flames,  vii,  2 1 8. 
reclamation  by,  v,  278. 
HOgard,  J.  K,  longitnde  measured  by 

telegraph,  iii,  130. 
J9tZI,  T,  on  &e  oocnltator,  vi,  299. 
HUl^and,  Wl,  eruption  in  Hawaii,  yi, 

115. 
Hmd,  H  T,  Laurentian  in  Nova  Scotia, 

iz,347. 
Bines,  C.  F.,  on  meteors  during  edipee, 

viii,  435. 
Hines,  H.  K,,  ascent  of  Mt  Hood,  in,  416. 
Hinrieha,  O.,  physical  abstracts,  ii,  268, 
417  ;  iii,  262,  390  ;  iv,  110. 
spectral  lines  by,  ii,  360. 
answers  to  charges  of,  Ikma,  v,  102. 
atom-meohanioa,  Fledk,  vi,  268. 
HUekoodt,  a  H,  N.  A.  geoL  atias  by,  Ti, 
140. 

supposed  fossil  footmarks  in  Kansas, 
vii,  132. 
GleoL  Rep.  on  N.  Hampshire,  1,  425. 
Hcfmamn,  C.  /!,  Hetdi-hetcby  valley, 

vi,  266. 

Hofmami,  A.  W.,  a  new  dass  of  homo- 
logues  of  cyanhydric  acid,  iv,  416. 
guanidin,  iii,  110. 
on  methyhc  aldehyd,  v,  249. 
on  persulphid  of  hydroigMi,  vi,  396L 
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Hofmann,  A,  W.,  on  utilizing  secondary 
products  of  chloral  manufacture,  1, 109. 
JBblm,  on  hsematoidin,  vi,  233. 

supra-renal  glands,  vi,  236. 
Honey  many  Lauren  tian  of  N.  Scotia,  417. 
Hotxi,  Mt,  in  Oregon,  ascent  of.  iv,  429. 
Hooker,  J.  />..  Flora  of  British  Island,  1, 

281. 
Hooker,  W.  J.,  obituary  of,  i,  1. 
Synopsis  fllicum,  vii,  143. 
Hoopes  on  evergreens,  noticed,  vi,  270. 
Homes,  M.,  obituary  of,  vii,  294. 
Haughy   O.  IF.,  automatic  printing  baro- 
meter, i,  43. 
galvanic  battery,  viii,  182. 
Hovey^  H.  6'.,  hail  storm  in  Mass.,  1,  403. 
Hwo,  H.,  analyses  of  shells  i,  379. 

silicoborocaldte    and    natroborocal- 
dte,  V,  117. 
Huggina,  W.,  on  heat  of  stars,  viii,  286 ; 
ix,  108. 
spectrum  of  new  star,  ii,  389. 
Human  remains,  see  Man. 
Humboldt,  life  of  Stevens^  ix,  1. 
Hungerfordy  £,  evidences  of  gladal  ac- 
tion on  Green  Mts.,  v,  1. 
^tnt,  T.  S,f  lime  and  magnesia  salts,  ii, 
49. 

objects  and  method  of  mineralogy, 
iii,  203. 

metallurgicQl  method  of  Whelpley 
and  Storer.  iii,  305. 
geology  of  Vermont,  vi,  222. 
Ontario,  vi,  366. 
of  E.  New  England,  1,  83. 
Laurentian  rocks  in  Mass.,  ix,  75. 
chemistry  of  copper,  ix,  153. 
on  norite,  ix,  180. 

labradorite  rocks  at  Marblehead,  ix, 
398. 
seat  of  volcanic  action,  1,  21. 
Laurentian  of  Nova  Scotia,  1,  132. 
HurUmiy  8.  A.^  earthquake  at  Bogota,  1, 

408. 
Hurricane,  Bahamas.  1866,  Ret^teld  on^ 

vii,  116. 
Huxley,  T.  H.,  Address  of,  to  the  British 
Association,  1.  H83. 
Telerpeton  Elginense,  iii,  406. 
HycUt,  A.^  Fossal  Cephalopods,  noticed, 
vi,  150. 
on  Polyzoa,  noticed,  vi,  150. 
paraUelisra  between   the  stages  of] 
life  in  the  tetrabranchiates,  iv,  124. 
Hydradds,  action  of,  upon  ethers,  Oal^ 

iv,  103. 
Hydrocarbons.  Bertheloi,  iv,  266,  418. 
boiling  point,  eta,  of,  vii,  424. 
distillation  of,  Peckhaniy  vii,  9. 
from  animal  fats,  iii.  250. 
new,  Sekorlemmer,  iii,  108. 
of  Pennsylvania  petroleum,  v,  262. 


Hydrocarbons,  synthesis  of,  Bertheht,  iii, 

96,  251,  386,  389. 
Hydrofluoric  add,  preparation  of,  ii,  110. 
Hydrogen  and  pHalladium,   Oraham,  on, 
vii,  417. 

nascent,  tests  for,  ix,  256,  257. 

pernulphid  of,  Hofmann,  vi,  396. 

saturation  with,  BeriKdot,  vi,  125, 
395. 
Hydrogenium-amalgam,  Loew,  \  99. 

observations  on,  viii,  405. 
Hydroxylamine,  Loseen^  i,  251. 

sjmthesis  of,  Losaen,  ix,  254. 
Hypononce  Sarsii,  8.  Lovin,  viii,  429. 
Hyposulphites,  new  test  for.  Lea,  iv,  222. 


Ice,  artificial,  viii,  440. 

Iceland,  revision  of  flora  of,  BtUnngton, 

noticed.  1,  277. 
Igeletrdm,  L.  /.,  bituminous  gneiss   in 

Sweden,  v,  38. 
Illinois,  geoL  survey  of,  noticed,  ii,  291. 
Me^onyx  Jefiisrsoni  in,  Leidy,  1, 
270. 
Illuminating  power  of  gas  mixed  with 
atmospheric  air,  SiUiman  and  WurtM, 
viii,  40. 
Indian  summer,  WiUet,  iv,  340. 
Indiana,  geol.  survey  of,  Cbx,  viii«  138 ; 

1,  135. 
Indium,  iv,  110. 

[Insects,  Packard's  guide  to  the  study  of, 
noticed,  ix,  285. 

Paleozoic,  in  Nova  Scotia  and  New 
Brun-'wick,  Dawson,  iv,  116. 
lodhydric  add,  iii,  109. 

preparation  of,  viii,  411. 
lodid  of  silver,  light  on.  Lea,  il  198. 
Iodine,  detection  of,  Lea,  ii,  109. 
in  lead  disease,  etc.,  i,  110. 
Iowa,  geology  ot,  Whiiiy  iv,  23. 

geol.  survey  of,  ii,  272;  1,  136. 
Iron,  cast,  permeable  to  gases,  v,  892. 
magnetic  oxyd  of^  Chester,  Mass..  ii, 
93. 
native  hydrates  of,  Brueh.  iv,  219. 
ore,  specular,  Blake,  iii,  125. 
properties  of  predpitated,  Leta,  1, 
110. 
separation  of  sesquioxyd  of,  ii,  78. 
speciflc  magnetit^ni  of,  Chaee,  v,  247. 
Irons,  meteoric,  s^  Meteoric 
leambert,  di*<sociatioD  of  ammoniacal  com- 
pounds, ix,  887. 
IsomeriPin,  Berthelot,  ii,  257. 
Isomorphism  of  leucite  and  other  feld- 
spars, Dana,  iv,  406. 
Itaoolumite,  WetheriU,  iv,  61. 
Ivory,  artificial,  i,  427. 
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Jackson^  C.  7!,  Colorado  metorite,  ill,  280. 
and  J.    (7. 1  analyses  of   minerals, 
Chester,  Mass.,  ii,  107,  421. 
Japane^^e  alioys,  PumpeUy^  ii,  43. 
Jenkm^  F.j  electriflcntlon  of  an  island,  1, 

148. 
Johnaony  S.   Wl,  assimilation  of  nitrog- 
enous bodies  \>j  vegetation,  i,  27. 
edition  of  Fresenius,  iz,  266. 
Eliot   and   Storer's  Chemistry,  iii, 
420 ;  Yi  130. 

How  crops  grow,  by,  noticed,  vi, 
436:  vH,  147. 
How  crops  feed,  by,  noticed,  ix,  403. 
kaolinite  and  pholerite,  iii,  351,  405. 
nitrification,  yii,  234. 
on  estimation  of  carbonic  acid,  yiii, 
111 
on  Pea^  noticed,  ii,  439. 
terphi,  iii,  200. 
Janes,  J.  if.,  on  Nat  Hist  of  Bermudas, 

Coralliaria,  vhi,  143. 
JoneSf  7!  i?.,  Foraminifera  of  ocpans,  no- 
ticed, i,  287. 
Jukes,  J.  Beete,  obituary  of,  yiii,  296. 
Julien's  geology  of  Sombrero,  ii,  439. 


Eaemts,  head  of  Russian  observatory,  ti, 

286. 
Kansas,  Eastern,  Flora  of,  EaU^  1,  29. 
footprints  in  rocks  of,  i,  174. 
geology  oty'Bayden,  iv,  32. 
Natural  History  Soc,  I,  436. 
notes  on  geology  of,  SwaUoWy  i,  406. 
Kearsarge  Mi,  altitude  of,  Eastmany  viii, 

439. 
KeknUiy  A.,  Professor,  iv,  137. 

existence  of  chem.  atoms,  iv,  270. 
Kellogg  mines.  Ark.,  Smiih^  iii,  67. 
Eengott's  Minerale  der  Schweiz.  ii,  125. 
Eennicott,  R.,  in  Russian  America,  i,  139. 

obituary  of,  ii,  435. 
Kent's  cavern  explorations,  iii,  372. 
Kentucky,  petroleum  in,  Sqffbrd^  ii,  104. 
Kerr*s  survey  of  N.  Carolina,  noticed,  iii, 

284. 

KinibaH  J.  P.,  on  geology  of  Texas  and 
Chihualiua,  viii,  378. 
Silver  mines  of  Chihuahua,  ix,  161 
KinQj  (7.,  fossils  collected  by  geol.  survey 

under,  1,  422. 
King^  on  Eosodn,  iv,  376. 
KimgtHey^  J.  X.,  on  Weston  meteor,  vii,  1. 
Kinnan,  G.,  Tent  life  in  Siberia,  noticed. 

1,  439. 

KingtkjUy   0,  71,  on  aurora  at  Toronto, 

viii,  65. 

meteoric  astronomy,  noitoed,  iv,  428, 


Ki/rkwood,  i>.,  ocxnets  of  1812  and  1846, 
viii,  265. 
meteor  of  July,  1867,  iv,  288. 
meteorite  of  July,  1846,  i,  347. 
periods  of  meteoric  rings,  iz,  429. 
Kirkwood,  J,  P.,  on  filtration  of  river- 
waters  for  city  supply,  viii,  446. 
Knappj  theory  of  Bunsen  flame,  1,  256. 
Knop.  A.^  kaolinite,  iii,  406. 
KnawUon,     W.    J^    new  mineral  from 

Rockport,  Mass^  iVt  224. 
Kocky  on  system  in  botany,  ii,  132. 
Ko?iirau8chy  ^,  on  influence  of  tempera- 
ture on  elasticity,  1,  360. 
Kokscharow's  Mineralogie  Rusflands,  no- 
ticed, i  286 ;  ii,  125 ;  v,  121. 
KbUUcer^B  loones  Histiologicte,  ii,  283. 
on  polymorphism  of  Anthozoa,  and 
structure  of  Tubiporae.  vi,  273. 

Alcyonariae.  etc.,  noticed,  1,  430. 
KoechkuU^  F.  v.,  on  the  Caucasus,  vl  214. 

336. 
Kotschy,  T.,  obituary  of,  v,  124. 
JTrcMner,  un  secondary  chloral  products,  L 

109. 
Krantz*s  catalogue,  noticed,  vi,  287. 

SSasmann's  minerals  bought  by,  ii,433. 
Kvfndt,  A.y  tones  in  organ  pipes,  iii,  252. 

velocity  of  sound,  ii,  258 
Kwr,  J,   (?.,  Mineralogy  of,  noticed,  ix, 

119. 

Kustel  on  ore?,  noticed,  J9hMA,  vi,  28t, 
432. 
on  gold  and  sQver  ores,  noticed,  1,295. 


Laboratory,  The,  noticed,  iv,  144;  v,  llV. 
Labradorite  or  norite  rode,  .fitmt,  ix,  180, 

398. 
Ladd,  TT.,  dynamo-magnetic  madiine,  v, 

115. 
IxLdmbwrg.  on  silico-propionic  acid,  1 416. 
Lake,  borax,  of  Califo>nia,  i,  266. 
Lake-dopressions,  origin  of,  Ze^Jay,  i  141. 
Lakea  great  American,  flow  of^  vii,  145. 
of  N.  A.  as  chronometers,  noticed, 

Andrews^  1,  264. 
of  N.  A.,  souroes  of;  Shfrftidi,  Oi,  193. 
Lalande  prize,  awarded  to  Watson,  1,  293. 
Land  of  the  globe,  maps  of  northern- 
most, noticed,  iv,  883. 
Land-slide.  FerMM,  ix,  168. 
LoMy  J,  Ky  theoretical  temp,  of  Sun,  1, 

57. 

Lang's  Astron.  tables,  noticed,  vi,  275. 
Laphamy  destruction  of  forest-tree^  tv; 

424. 
geol  map  of  WiFoonsin,  vii,  279. 
Lartet's  Archaeology  of  Southern  France, 

noticed,  iv,  119. 
formation  of  Dead  Sea,  ii,  26a 
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and  Christy,  Reliquifls  Aquitanicse, 
noticed,  ii,  291;  vi,  287;  vii,161.279; 
vUi,  136;  ix,  144;  1,  162. 
Lai^reiU^  Traits  d*algdbre,  y,  76. 
Laurentian  and  Haronian  of  Nova  Sco- 
tia, etc,  ix.  347;  1  132,  417. 

of  Canada,  fossils  from,  Dawson,  iv. 

367 ;  graphite  in,  L  130. 

Lawson's  discourse  on  Oxford  Boianists, 

1,  426. 

rocks  in  Mass.,  ix,  75. 

Luurite,  with  the  platinum  of  Oregon, 

viii,441. 
LavoUier,  publication  of  works  of,  i,  105. 
LaWrence  Scientific  School,  Laboratory 
contrib..   iv,   207,   224;   v,   173;   vu. 
178,  319;  1,240. 
LeOy  /.,  Index  toUnionidse,  noticed,  y,129. 
new  species  of  genus  Unio,  etc,  by, 
viii,  144. 
on  Unionidaa,  noticed,  iii,  411. 
synopsis  of  the  famUy  tJnionidsB,  1, 
284.      . 
Unios  sensitive  to  light,  vii,  430, 
Lea,  M.  C,  a  theory  of  photo-chemistry, 
iv,  71. 
detection  of  iodine,  ii,  109. 
germination,  iii,  197. 
light  on  iodid  of  silver,  ii,  198. 
new  test  for  hjrposulphites,  iv,  222. 
nitro-glucose,  v,  381. 
transmitted  and  diffused  light,  vii, 
364. 
Lea  and  Wilson's  photographic  mosaics, 

noticed,  i,  143. 
Lead,  perchlorid  of,  NUMks,  iii,  94. 

and  bismuth,  separation  of  by  bro- 

mo-thallates,  i,  107. 

Leaves,  absorption  of  moisture  by,  1,  428. 

LeCorUe,  John,  Cretaceous  coal  in  New 

Mexico,  V,  136. 
LeConte,  Joseph,  binocular  vision,  vii,  68, 

163. 
LeConte.  J.  L.,  rhynchophorous  Coleop- 

tera,  iv,  41. 
Leeds,  A.  R.,  form  of  aspirator,  v,  423. 

writing  on  a  screen,  v,  424. 

Lejftnann,  H.,  ammonium-amalgam,  ii,  72. 

L^MMnn  on  sugar  in  the  blood,  vi,  380. 

Leidy,  Jl,    Elasmosaurus   platyurus   of 

Cope,  ix,  392. 

extinct  mammalian  fauna  of  Dakota, 
etc,  noticed,  ix,  274. 

Megalonyx  in  Illinois,  1,  270. 
on  Discosaurus  and  its  allies,  1,  139, 
Sivatherium  in  Colorado,  1,  270. 
Leipzig,  AstrofL  Gesellsch.  publications, 

vi,  288. 
Le  Maout  and  Decaisne,  Traits  de  botan., 

V,  409. 
Lem,  properties  of  precipitated  iron,  1, 1 1 0. 
Lereboullet,  obituary  of,  i,  110. 


Leskiy,  J.  P.,  asphalt  in  Virginia,  ii,  120. 
petroleum  at  Brady's  Bend,  i,  123. 
position  of  oil-weUs,  i,  139. 
Lesleyite,  Smith,  viii,  254. 
Leaquerwx,  L.,  Catalogue  of  mosses,  no- 
ticed, V,  273. 
Nebraska  Cretaceoun  plants,  vi,  91. 
on  Aicoids  in  coal,  noticed,  ii,  264. 
Level,  change  of,  along  Florida,  i,  406. 
Le  Verrier  on  November  meteors,  iii,  299. 
Levette,  G.  M.,  Indiana  geol  survey,  1, 

136. 
Levison,  W,  G,,  determination  of  magne- 
sium group  us  oxalates,  1,  240. 
Lewis,  «A,  shells  plauted  in  Erie  canal,  v, 

137. 
Lieben.  normal  amylic  alcohol,  1,  416. 
Life,  origin  of,  Dcma,  i,  389. 

in  hot  waters,  Brewer^  1,  891;  iv, 
162;  vi,  31. 

tenacity  of^  in  spores  and  seedB,  i, 
393. 

Light,  action  on  sulphurous  acid,  ix,  368. 
amount  of  transmitted  by  crown 
glass  plates,  Rood,  1, 1. 

calcium,  magnesium,  etc,  in  photo- 
micntgraphy,  ix,  295 ;  1,  366. 

chemioEtl  reactions  caused  by,  1\^ 
do^  vii,  129. 
ttom  gas,  see  Oas. 
liquids  of  high  dispersive  power,  1, 60. 
magnesium,  i,  106. 
mechanical  equivalent  of,  it  214,  396. 
new.  for  photography,  i,  427. 
on  iodid  of  silver,  Lea,  ii,  198. 
polarization  of,  CJiase,  ii.  111. 
reflexion  of,  from  glass.  Rood,  iii,  104. 
spectral  lines,  Hkyrichs,  ii,  350. 
transmitted  and  diffused.  Lea,  vii, 
364. 
visibility  of  neutral  points,  ii,  1 12. 
wave-lengths,  measurement  of,  1, 46. 

of  Fraunhofer's  lines,  i,  395. 
see  further  Star,  Photometric. 
Lighting  power  for  buoys,  ix.  284. 
Lime  and  magnesia  salts,  Hunt,  ii,  49. 
Linnean  Soc,  Bentham's  addresses  to,  i, 
410;  iv.  297;  1,  279,  325. 
journal  of  vi,  271 ;  L  426. 
Lippkh,  breadtti  of  spectral  lines,  1,  106 
Lippincott'!<  vapor  index,  iv,  139. 
Liquids  of  high  dispersive  power,  1,  60. 
Littrow,  V.  Carl,    Stemschnuppen  und 

Komuten,  noticed,  iv,  429. 
Liver,  sugar  in,  vi,  379 ;  vii,  20,  258,  893. 
Livingstone's  African  explorations,  ix,  14. 

safety  of,  v,  14,  141. 
Lockyer,  J.  K,  Astronomy  by,  vi,  276. 
gaseous  spectra,  viii,  402. 
spectroscopic  examination  of  sun, 
viii,  121,  403. 
spectrum  analysis,  ix,  432. 
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Loew,  0,f  action  of  water  on  oarfoohy- 
drates,  iii,  371. 

ferrocyanid  of  potassium  on  mono- 
chioracetic  ether,  v,  383 
nitrite  of  ammonia,  vi,  29. 
bisulphid  of  carbon  in  sunlight,  vi, 
363. 

derivatives   of    tri-chlormethyl-sul 
phon-chlorid,  vii,  360. 

action  of  suulight  on  sulphurous  acid, 
ix,  368. 
ozone  fVom  rapid  combustion,  ix,  369. 
on  hydrogenium-amalgam,  1,  99. 
Loewy,  J5L,  solar  physics,  iii,  179,  322. 
Loyon,  W,  K,  Canada  Surrey,  iU,  284. 
Eozodn  Canadense,  vi,  245,  436. 
Geological  Atlas  by,  noticed,  i,  408. 
Map  of  Canada  by,  ix,  394. 
Lang^  H,  on  Arctic  explorations,  vii,  105. 
Longitude  meaRured  by  telegraph,  iii,  130. 

trans-Atlantic,  Gautd,  ix,  228. 
Loomis^  E,f  magnetic  declination,  auroras 
and  simspots  compared,  1,  153. 
meteorology  by,  noticed,  vi.  149. 
on  meteor  of  May  20, 1869,  viii,  145. 
Loomis,  F.  K,  influence  of  temperature 

on  elasticity,  1,  360. 
Laaaen,  Hydroxylamine,  i,  251 ;  ix,  264. 
Loughim^  J.  Ey  fluorescence,  iii,  239. 

molybdenum  and  chromium,  vi,  131 
Loven^  S.,(mA  recent  Cystidean,  yiii,  429. 
Lunar  radiation,  ix,  433. 

see  Moon, 

Lutken  on  Ophiuridea,  noticed,  yiii,  430. 

Lyceum  Nat  Hist.  N.  T.,  Annals  of,  i, 

288;   ii,  292;   iv,  296;    v,   428;    vii, 

296;  ix,  288,  444. 

Lyell's  Handbook  of  Ferns,  noticed,  ix, 

404. 

Lyman^  G.  5.,  Cambridge  Physics,  no- 
ticed, yi,  285. 
new  wave  apparatus,  v,  384. 
observations  of  Venus,  iii,  129. 
Lyman.  F,  S.^  eruption  ia  Hawaii,  vi,  109. 
Lyman^  P.  W.,  union  of  two  trees,  iii,  275. 


Maaek,  G.  A.,  Die  bis  jetzt  bekannten 

Sdiildkroten,  etc.,  noticed,  1,  136. 
Madiinery,  strength  of,  by  Yan  Buren, 

noticed,  viii,  161. 
Magnesia  and  lime  salts,  Hwnty  ii,  49. 

in  hydraulic  cements,  i,  425. 
Magnesium,  chromitesof^  Nichols^  vii,  16. 
group,  determmatioQ  of,  as  oxalates, 
Levison,  I,  240. 
light,  i,  106. 

colors  by,  iii,  91. 
Magnetic  declination,  U.  S.,  SchoU,  1 149. 
auroras  and  sunspots  compared, 
Loomis,  1,  163. 


Magnetic  filings  phantoms,  Niddlka,  t,  6S. 
observations  in  Mame,  Bachey  ii,  141. 
Magnetism,  oonnotatioos  o^  Chaae^  vi,  398. 
of  chemical  compounds,  vii,  128. 
origin  of  terrestrial  MdUk$,  i,  1 10. 
seoilar  variation  of  terrestrial.  Baa- 
lin,  noticed,  iv,  143. 
Magnetite  in  mica,  viii,  360. 
Magneto-electric  machines,  new,  iii,  107, 

386. 
Magneto-electricity,  see  Eledriciiy. 
MagnuBf    absorptive  power  of  aqueous 
vapor,  iii,  24(i. 

on  emission,  absorption,  and  refleo- 
tion  of  heat  1,  106. 
on  heat,  ix,  106,  107. 
obituary  of,  ix,  442. 
Maine,  Hist  Soc.,  collection  of,  noticed, 
viii,  437. 
magnetic  observ.  io.  Baches  ii,  141. 
Post-tertiary  fossils  of,  ii,  426. 
Maize,  American,  AiwcUer^  viii,  352. 
Maiden's  island,  iv,  383. 
Malmgren's  Arctic  annelids,  fioticed,  il, 

284. 
Mammals  of  Massachusetts,  Attm,  ix,  1 34. 
Mammoth  Cave  of  KentucJcy,  Norwood, 

noticed,  I.  439. 
Man,  remains  of^  AndrmoSy  v,  180 ;  Nkk- 
tt»,  V,  72. 

in  Belgium,  iii,  121,  260. 
ill  Califomia  drift  vi,  407. 
in  Kent's  cavern.  Devon.,  iii,37S. 
skull  of^  discovered  in  OaL,  ii,  424 ; 
WMtney,  iii,  265. 
Mandon,  G.,  obituary,  v,  124. 
Manganese,   action  of  peroxyd   of^   on 
uric  acid,  Wheder,  iv,  110,  218. 

estimation    of,    as   pyrof^osphate, 
Gihbs,  iv,  216. 

separation  of  nickel  and  cobalt  from, 
Henry,  vii,  130. 
tungstate  of,  Blake,  iii,  125. 
Mann,  H.,  obituary  of,  vii,  143. 
Manners,  R.  H.^  obituary  of,  1,  150. 
Manufacturer  and  Builder,  the,  noticed, 

vii,  295. 
Map,  hydrographic.  of  the  department  of 
the  ^:$eine,  DeUsee,  noticed,  iv,  143. 
of  Arctic,  noticed,  iv,  383. 
Maps  for  showing  distribution  of  plants 

and  animals,  vii,  295. 
iforoMe,  on  Khenish  creosote.  I,  117. 
MarignaCf  niobium  and  tantalum,  i,  111, 
397. 
tantalum  compounds,  iii,  1 08. 
fluosalts  of  antimony  and  arsenic, 
iv,  102. 
MarhownHcoff.  on  conversion  of  isobutyl 

alcohol,  1,  114. 
Marahy  0.  (7.,  Ohio  sepulchral  mound,  ii,  1. 
Mastodon  at  Cohoes,  iii,  115. 
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Meteorite  fhxn  GeonrK  Shepa/rd^  vi,  257 
Oermany,  OemiUk,  ▼!,  284. 
Elansas,  Mudge^  vi,  429. 
Kujahiiiga,  Baidinger,  iy,  131. 
Mexico,  Smiih^  t,  77. 
U.  a,  new,  Skepard,  ril,  230. 
Wisooi.sin,  SmUk.  vii,  271. 
Weston,  Conn.,  Dea,  1807,  vii,  1. 
Meteorites,  c  trbonaceous  matter  of,  vii, 
130. 
claMnifloation  of,  Shepard^  iii,  22. 
Daubr(^  on,  ii,  124. 
experiments  relative  to,  by  A,  2>au- 
hrie^  viii,  418. 

light,  heat,  and  sound,  aooompany- 
log  fall  of,  Haidingmr,  tUI  280. 
origin  of,  Graham,  iv,  109. 
Sorby  on,  i,  136,  137. 
Meteorological  comparison,  C%aM,i,  158. 
obsenrutions,  reductions  of,  IMJFhreit, 
ul  316. 
M^t^rulogiques  de  Bruzelle!>,  noticed,  iv, 

144. 
Meteorology,  Buchan*f>,  noticed,  It,  434. 
Butler's,  noticed,  1,  150. 
Loomis's,  noticed,  vi,  49. 
on  correcting  an  error  in  tables  of 
temperature.  DtFartai,  i,  371. 
Methyl,  arsenate  of,  1,  14. 
arsenite  of,  1,  19. 
benzyl,  i,  112. 
Mettenius,  G.  H.,  obituary  of,  v,  123. 
Meunier,  Science  et  les  Savants  in  1866, 

noticed,  v.  76. 
Mexican  soientiflc  commission,  iii,  98. 
Mexico,  R^mond's  geology  of,  ii,  261. 
MichMUX  Grove  of  oaks,  1,  279. 
Microscope,   iUumination  of   opoke  ob- 
jects in,  1,  283.  424. 

mechanical  finger  for,  i,  331 ;  ix,  304. 
artificial  light  for  photography,  ix, 
294 ;  1,  356. 
Micros*  opio  tpst-plate  of  Nobert,  Wood- 

ward,  vi,  352 ;  viii,  169. 
JTOfer,  W,  A.,  Chemistry  noticed,  iv,  295. 
spectrum  of  a  new  star,  ii,  389. 
obituary,  1,  437. 
MiUer,   W.  H,  crystallization  of  graphi- 

toidal  Hilioon,  iv,  108. 
Mineral  analynis,  process  in,  Clarke^  v, 
173. 

resources  of  U.  S ,  Browne  on,  no 
ticed,  vi,  430. 

Taylor  on,  noticed,  vi,  431. 

states  and  territories,  Ray- 

mend,  viii,  136. 

waters,  analysis  of,  ThomaB^  il,  196. 

OuoLdaga,    (ToMmunin,  ii, 

211,  368. 

unknown,    iu  Haddam   columbite, 
SJuspard^  1,  93. 


MINBRALS— 

Albite,  iii,  227;  Albertite,  viii,  362; 
Altaite,  v,  312;  Amblystegite,  1, 
270;  Ambrosite,  1,  2t3;  Anutase,  ii, 
272;  Andeame,  ii,  107;  Aphtfaita- 
lite,  1,  274;  Ap<^ymte,  ii,  270; 
Aquacreptite,  vi,  256;  Arkautite,  ii, 
94;  Asbestus,  ix,  271;  Ateleslite, 
ix,  401. 

Bamhardtite,  v,  319;  Biphoq>ham- 
mite,  I,  274;  Biotite,  ii,  91 ;  BismVi- 
thine,  1,  94;  Bismutite.  1,  94;  Boa- 
langerite,  v,  320;  Bnx^antite,  ▼, 
321. 

Calaverite,  v,  314;  Cassiterite,  ii,  271; 
Chlorite,  iv,  201 ;  Chlorite  and  Chlo- 
ritoid,  ii,  91,  108,  421 ;  Chrvsolite,  i, 
120;  1,  35;  Cinnabar,  ii,  125;  Co- 
lumbite, ii,  248;  1,  90;  Columbium 
minerals,  ix,  402;  Cookeite,  i.  246; 
Copper-glance,  iii  124:  Corundophi- 
lite,  i,  394;  ii,  91,  92,  269,  421;  iv, 
258,  283;  vi,  256;  Corundum,  fi,  90, 
421;  ix,  272;  Cosalite,  v,  319;  Co- 
tunnite,  ii,  247 ;  Cryolite,  ii,  93 ;  v, 
141;  vi,  400;  Cryophyllite,  crystal- 
lized, ii,  268;  Cryophyllite,  iii,  217; 
Cyrtolite,  iv,  224. 

Danaite,  iii,  125;  Danalite,  ii,  73;  Dea- 
doizite,  viii,  137 ;  Diamond,  iv,  61, 
119;  viii,  441;  Diaspore,  ii,  90, 
108,  268;'  vii,  319;  1,96;  Dolomite, 
containing  manganese,  1, 37 ;  Duraa- 
gite,  viii,  179. 

Ekebergite,  iii,  403;  Emery,  ii,  83, 
421;  Enargite,  v,  34;  vi,  201;  En 
lytite,  ix,  401. 

Feldspars,  ii,  125;  iv,  398;  Fibrolite,  ii, 
272;  FrankUniie,  viii,  138 

Gay-Lussite,  il  220,  221 ;  Gibbsite,  ix, 
402;  Gieseokite,  ii,  270;  Gm^inite, 
iv,  362;  Gold,  i,  120,  125;  Gt»- 
hamite,  ii,  420;  Grothite,  iv,  258; 
Guanapite,  1,  273;  Guanoxalite,  1, 
273. 

Hagemannite,  ii,  246;  HaO^yaite,  ix, 
402 ;  Hercynite,  viii,  356 ;  Hersehel- 
ite,  1,  272;  Hesaite,  v,  309;  Horn- 
blende, ii,  271;  Hortonolite,  viii, 
171;  Hdbnerite,  iii,  123,  125. 

Ivigtite,  vi,400;  vii,  133. 

Jamesonite,  v,  36 ;  Jefferisite,  i,  247. 

Kaolinite,  iii,  351,  405;  Kerargyrite^ 
iii,  124. 

Lnurite,  ii,  422;  viii,  441;  Laxmann- 
ite,  1,  270;  Lavrofflte,  L  272;  Led- 
ererite,  iv,  362;  Lepidomelane,  in, 
222;  Lesleyite,  vii,  319;  viii,  254; 
Leudte,  iv,  406;  ix,  335;  Leuco- 
phane,  iv,  405;  LMDoaite,  iv,  219. 

Magnetite,  viii,  360 ;  Malaoone,  iii,  228 ; 
Maldonite,  1,  272;  Mart^Mte,!,  210; 
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Margarite,  ii,  90,  107;  iv,  283;  Me 
linophane  iv,  405;  Melotiite,  t, 
313;  Micas,  iT,  403:  tz,  273,  401: 
Microlite?,  1,  93,  96;  Monazite,  ii, 
420;  Montanite,  ▼,  317,  318;  Mo- 
ronolite,  i,  212. 

Nacrite,  ill  67,  351;  Namaqualite,  1. 
271;  Native  lead,  i,  254;  Natrobo- 
rooaldte,  v,  120. 

tEUacherite,  iv,  256;  Opal  pseudo- 
morph,  1,  37;  Ouvarovite,  ii,  268; 
Ozammite,  I  274. 

Pachnoate,  i,  1 19 ;  ii,  93 ;  iii,  271 ;  Pa- 
raoolumbite,  ii,  269;  Partrite,  iii, 
362;  iv,  119;  Pattereonite,  vii,  320 ; 
Pencatite,  ix,  402;  Petalite,  iv,  405; 
Petzite,  V,  3o9;  Pholerite,  iii,  351, 
405;  Phosphamniite,  1,  274;  Phos- 
phorchromite.  1,  271 ;  Predazzite,  ix, 
402 ;  Proustite,  iii,  124. 

Rahtite,.i,  209;  Redondite,  1,  96;  Ru- 
tile,  ii.  422. 

Samarakite,  iz,  402;  Scapolite,  iv, 
403;  Scheeletlne,  i,  215;  Selagite, 
(a  rock)  iz.  401:  SeUaite,  1,  273; 
Solwynite,  1,  272;  Serpentine,  ii, 
272;  Silicoborocalcite,  V,  117;  Silli- 
manite,  ii,  272;  Spinel,  ii,  271;  Spo- 
dumene,  ii,  248;  Steinmark,  iii,  351 ; 
Struvite,  1,  272. 

Talcofiite,  I,  272;  Taltalite,  iii,  407; 
I  antalum,  iz,  402  ;  Taylorite,  1, 274 ; 
Tellurium,  v.  306,  313 ;  Tcnnantite, 
iii,  67 ;  Tephroite,  vi,  231 ;  Tetrady- 
mite,  V,  3U6,  316;  Tetrahedrite,  iii, 
67,  125;  V.  37.  320;  Turgite,  iv, 
219;  Tunerite,  ii,  420. 

tJwarowito,  i,  216. 

Vaiiadiolite,  1,  271;  Vermiculite,  1,  96. 

Wavellite,  iz,  402;  Wamerite,  iv,  403 ; 
Whitneyite,  v,  305;  Willemite,  vi, 
230;  WUMonite,  v,  47;  Wolframite, 
1,  271;  Wollangongite,  viii,  85; 
Wulfenite,  iii,  125. 
Isomorphism  of  gadolinite,  datolite 

and  eudase,  iz,  400. 

from  N.  Jersey,  Boepper,  I,  35. 
of  Elba,  iz,  402. 
of  Mr.  Schoolcraft,  for  sale,  viii,  442. 
paragcnesis  of,  Beass^  ii,  271. 
Ssemann's  collection  of,  ii,  433,  435. 
Stone  implements  of,  if,  272. 
Mineralogical  contributions,  Shepardy  1, 

90 ;  V,  Raih,  \  270. 
nomenclature,  Da/ntu^  iv,  145,  436. 
cut  iosities  of  Paris  Ezpositien,  Elakt, 

v,  194. 
lOneralogy,  Adam's  Tableau  of,  iz,  119. 
Dnna's,  5th  ed.,  vi,  132. 
Kurr's,  noticed,  iz,  119. 
objects  and  method  of,  HwU,  iii,  203. 


Mineralogy  of  Nova  Scotia,  No.  I,  Mafr$h^ 

iv,  462. 
Mining,  Phillips  on,  SQUman,  vi,  134. 

Kustel  on,  Bnuh,  vi,  432. 
Miquel's  Prolusis  Florae  Japouicse,  v,  408. 
.Mississippi  valley,  J.  W.  Foster  00,  no- 
ticed, viii,  150. 
MitcheU,  H.,  Gulf-stream  soundings,  fii,  69. 
Mitchell,  W.,  obituary  of,  vii,  434. 

on  assaying,  new  edition,  vi«  434. 
Mixter^  W.  (7.,  willemite  and  tephroite, 

vi,  230. 

Molecular  Mechanics,  Bayma  on,  vi,  167. 
Physics,  Norton,  i,  61,  196;  vi,  167. 
Molecules,  size  of,  Tfiomaon^  1,  258. 
Molloy,  G.,  Geology  and  Revelation  by, 

noticed,  1,  151,  440. 
MoUusca  claa«<ified  on  basis  of  oephali- 

zation,  Morse^  ii,  19. 
Molybdenum,  mode  of  obtaining,  vi,  131. 
Molybdic  and  phosphoric  acids  combined, 

vL  397. 

Monochromatic  flame,  NickUa^  Iii,  92,  93. 
Montana,  yield  of  mines  of,  i,  125. 

elephantine  tooth  and  tusk  in,  i,  427. 
Monthly  means,  on  correctifg,  De  fbreatf 

ii,  154,  289. 
Moon,  constitution  of,  Hansen  on,  NeW' 
oomb^  vi,  376. 
crater  Linne,  iv,  130. 
crater  of,  obscured,  Birt^  iii,  411. 
inequalities  in  mean  motion  of,  KeW' 
comb,  1,  183. 
radiatinn  of,  iz,  433. 

of  heat  from,  Bosse,  viii,  436. 
'Moore^  fossils  in  roinerol  veins,  1,  265. 
I        Lias  and  oolite  of  Australia,  1.  269. 
(Morphology  of  human  hand,  WUder^  iv, 
I     44. 

Iforae,  E.  8.^  dassiflcation  of  molluhca,  ii, 
19. 

on  Brachiopods,  iz,  103. 
Brachiopoda,  a  division  of  the  Anne- 
lida, 1,  100. 
Mbsdey^  Henry^  cause  of  descent  of  gla- 
ciers, 1,  263. 
Mossman,  S.,  Origin  of  Seasons  by,  viii, 

150. 

Mound,  sepulchral,  in  Ohio,  Marsh,  ii,  1. 
Mount  Hood,  ascents  of.  Brewer ^  ii,  472; 

HineSj  iiij  416. 
MudgCy  B.  F.,  footmarks  in  Kansas,  i,  174. 
Kansas  geol.  Report,  iii,  283. 
meteorites,  vi,  429. 
MuiTf  r.,  thermal  units,  1,  149. 
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chnnges  of  Tell.. w  R.,  v,  219. 
geol.  observ.  in  China,  eta,  i,  145. 
Geol.  vof  China,  etc.,  hy,  noticed,  iii, 
408. 

Pynchon^s  Chemical  Physic«,  noticed,  ix, 
443. 


Quaternions.  Hamilton's  elements  of,  ii« 

438. 
Quicksilver  mine,  Santa  Barbara,  v,  5. 
Almaden,  Spain,  v,  9. 

B 

Radical?,  organic,  metals  in,  Berthelot,  ii, 

256. 
Railroed  between  Atlantic  and  Pacific, 

iv,  381. 
Bain-faU  affected  by  the  moon,  Chase,  vi, 

281 ;  Hennessey,  vi,  283. 
BamrneU^g,  on  position  of  thallium.  1, 

103. 
Ramsay,  Ge<^  of  N.  Wales,  noticed,  ii, 

265. 

Rand,  T  D.,  ivigtlte,  vi,  400. 
Ranking's  Medical  Abstract,  noticed,  vi, 

286. 
Rath,  G.  v.,  Mineralogical  oontributions, 

noticed,  ix,  401 ;  1,  270. 
Raihke,  properties  of  selenium,  1,  IIL 
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Raulin,  V.,  secular  vaiiatioiis  of  terres 
trial  mag:neti8m,  noticed,  iv,  143. 

Baupach,  0.  R,  earthquake  at  St  Thom- 
as, V,  134. 

BawHruon^  H.  (7.,  changes  m  the  Aral 
sea,  iv,  133 

Baymond,  R,  TT.,  Report  on  mineral  re- 
sources hy,  viii,  136. 

Reale  Ck>mitato  geologico  d^Italia,  iz,  401 

JUdfiddy  J.  if.,  Bahamas  hurricane,  1 866, 
vii,  116. 

Reemelin  on  wine-making,  yi,  432. 

Reeve.  L.,  obituary  of,  I  283. 

Bekhardt^  recovery  of  uranium.  1,  113. 

Beimann  on  aniline,  iz,  142. 

Bernhardt  on  Brazil  bone-caves,  vl  264. 

Reliquise  Aquitanice.  noticed,  ii.  291 ;  vi, 
287;  vii,  151,  279;  viii,  136;  ix,  144; 
1,  162. 

Bemond  A.^  geol  of  N.  Mexico,  ii,  161. 
notes  on  S.  American  geology,  iii 
114. 

Repsoid  circle,  Ahbe^  iii,  207.  309. 

Reptiles,  Mosasauroid   of  New  Jersey, 
Mainh  viii,  392. 
serpent,  fh)m  N.  J.,  MarBh^  viii,  397. 

Beptilia,  Batrachia,  etc,  of  N.  America, 
Copey  viii,  461 ;  1, 160. 

Reptilian  remains,  Cope^  ii,  426 ;  vi,  263. 
416;  viii,  278;  ix  390;  1,  140,  268. 

Beu88,  paragenesis  of  minerals,  ii,  271. 

Richa^son,  J.,  obituary  of,  i,  265. 

Bkhthofen^  v.,  China  explorations,  1,  149, 
410. 

sjTStem  of  volcanic  rocks,  noticed,  v, 
267. 

Riddell,  J.  L.,  obituary  of,  i,  141,  267. 

Rock-ralt,  in  Louisiana,  Goesamann^s  re 
port,  lit  284. 

R<X!ks,  lifted  and  subsided,  of  America,  1, 
136. 

Rocky  Mt  expedition,  Marsh,  1,  292. 
scenenr,  sun-pictures    of,    Hoyden 
noticed,  1,  126. 

Rocky  Mts.,  explorations  in,  Whitney^  ix, 
398. 

Marah,  1,  292. 
supposed  absence  of  drift  from  Pa- 
cific slope  of,  Brown,  1,  318. 

Bodgera,  J.,  tides  of  Tahiti,  i,  161. 

BodSnan,  C.  S,^  analyses  of  turgite,  iv, 
219. 

Boemer,  spider  fh>m  coal  formation,  ii, 
123. 

Bogera,  W.  A,,  Asteroid  (109),  ix,  141, 
428. 

personal  equation  in  transit  obser- 
vations, vii,  397. 

Rogers,  W.  B.,  Pre&  of  Inst  of  Technol- 
ogy, i,  141. 

Rogers,  H.  D.,  library  and  geological  spe- 
cimens of,  iii,  419. 


Rogers,  H.  D.,  obituary  of,  ii,  136. 
Rolfe  and  Oillet's  Cambridge  Physics,  vi, 
286. 
Handbook  of  Chemistry,  vii,  294. 
Bood,  0.  N^  tint  from  mixing  blue  and 
yellow,  i,  369. 

thermo-electric  currents  by  percus- 
sion, il  12. 

on  measuring  average  size  of  fine 
particles,  iii,  104. 

on  the  ddschaige  of  a  Leyden  jar 
with  the  induction  coil,  viii,  163. 

photometric  experiments,  Part  L  ix, 
145;  Partll,  1,  1. 
Boepper,  W,  1!,  minerals  from  N.  J.,  1,  35. 
Boot,  E,  W.y  enargite  fh>m  Califomia,  vi, 
201. 
Wilsonite,  v,  47. 
Roscoe's  Chemis^,  noticed,  iii,  1 37. 

Spectrum  Analysis,  noticed,  ix,  389. 
Rosing  A.,  obituary  of  vi,  148. 
Rosse,  Lord,  obituary  of,  v,  142. 

Lunar  Radiator,  viii  436. 
Boufky,  8,,  theory  of  vision,  vi,  163,  430. 
Royal  Oeographical  Soa,  extracts  from 
Murchisou's  address,  v.  14. 
Society  of  London,  ix,  442. 
Rumford  medal  to  A.  Clark,  il  136. 
Russia,  central  observatory  of^  ii,  286. 

petroleum  in,  ii,  272 
Russian  America,  geography  of^  iv,  379; 
Bfake,  v,  242. 
American  explorations,  DaUf  v,  96. 


8 


SadOer,  S.  P.,  Fischer's  salt,  ix  189. 
Ssmann,  L.,  obituary  of,  iii,  435. 
Safdy,  B„  on  mastodon  remains,  ii,  426. 
Safford^  J.  M..  geology  of  Tennessee  by, 
noticed,  i,  409;  vui,  416. 
petroleum  in  S.  Kentucky,  ii,  104. 
Tennessee    geological    Report,  no- 
ticed, vi,  436. 
Safibrd,  T.  H..  in  diarge  of  Chicago  ob- 
servatory, i,  140. 
Salisbury,  B  A.,  Qenera  Plantarmn,  ii, 

280. 
Salmon,  aodimatization  and  vitality  of^  i, 

109. 
Salt,  chemistry  of^  Goeaamanny  ix,  78. 
deposit  of,  in  Louisiana,   Owen,  fi, 
120;  Hilgard,vu,  77. 
Salt  springs,   Onondaga,  Ooeaamamm,  ii, 

211 
Satter,  Lingula  fiags  of  Wales,  i,  262. 
Sara,  Miehasl,    Memoires  des  Crinoids 
vivanti*,  of,  noticed,  viii,  142. 
on  Quaternary  of  Norway,  i,  286. 
obituary  of,  ix,  144. 
fbnd  for,  ix,  283. 
Sartwell,  H.  P.,  obituary  of,  ▼,  12L 
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Sati88ure*s  Nat  Hist,  of  Mexico  and  An- 
tilles, Dodced.  ii,  285. 
Scarlet,  on  a  pure,  DaU,  I,  291 
Schiaparelirs  theory  of  meteors,  iii,  291. 
Schlectendahl,  obituary  of,  v,  124. 
Schneider,  new  sulphur  salts,  ix,  108, 263. 
platinum  compounds,  ix,  109.  I 

Schoolcraft,  sale  of  minerals,  eta,  of,  yiii, 

440. 
SchorlemmeTj  new  hydrocarbons,  iii,  108. 
SohoHj  C,  A,y  U.  S.  magnetic  declination, 

i,  149. 
Schraufy  A.^  determination    of  atomic 

weights  by  optical  means',  iv,  113. 
Schultz,  0.  H.,  obituary  of;  v,  272. 
Schwabe.  on  sun-spots,  etc.,  iy,  287. 
Schutzenberger  on  dyeing,  noticed,  iii, 
421. 

researches  on  platinum,  1,  144. 
Scorpion,  fossil,  Meek  ond  WorPien  tI,  19. 
Seudder;,  S.  K,  entomological    corres- 
pondence of  Harris,  yiii,  143. 
mole-crickets,  vi,  417. 
N.  American  Orthoptera,  yii,  436. 
on  Neuroptera,  iii,  411. 
carboniferous  insects,  yi,  419. 
Sea,  see  Ocean. 

Seal,  habits  of,  etc.,  noticed,  1,  431. 
Seasons  origin  uf,  Moeaman,  noticed,  viii, 

150. 
Seoohi^s  L'Unita  delle  Forze,  noticed,  iv, 

143. 
SeOey,  H.  (?.,  Omithopsis.  ix,  393. 
Umithosauria,  noticed,  1,  134. 
Index  to  fossil  remains  in  the  Wood- 
wardian  Museum,  noticed,  1,  134. 
on  Owen's  Dimorphodon,  1,  426. 
Selenium,  properties  of,  Raihke,  \  111 
Serret,  Oours  d'Algdbre,  iii,  99. 
Shades  and  shadows,  Warren's  problems 

in,  noticed,  iv,  139. 
Sharpies,  S.  P.,  analysis  of  minerals,  ii, 
271. 
chemical  tables  by,  iii,  139. 
minerals  fh>m  Chester  Co ,  Pa.,  vii, 
819. 
new  salt  of  csdsium,  vii,  178 
precipitation  of  antimonons  sulphid 
fh>m  boiling  solutions,  I  248. 
Sha/rawood,   WI,  on  the  discovery  that 

Unios  are  sensitive  to  light,  ix,  422. 
Sheffield  Laboratory  contributions,  i,  246 ; 
ii,  196;  iii,  200,  361;  iv,  219;  v,  34; 
vi,  230,  240. 
Shepard^  C.  17.,  jS^.,  rahtite,  eta,  i,  209. 
meteor  near  Charieston,  i,  276. 
corundophylite  and  paracolnmbite, 
ii,  91.  92,  269,  421. 
mineral  notices,  ii,  246. 
meteoric-iron,  localities,  ii,  249,  347 
classiflCHtion  of  meteorites,  iii,  22. 
supposed  tadpole  nests,  iii,  99. 


Shqpa^d,  C.  17.,  Sr„  Cohahuila  meteoric 
iron,  iii,  384. 
Corundophilite,  Chester,  vi,  266. 
on  aquacreptite,  vi,  256. 
meteorite  from  Georgia,  vi,  267. 
new  U.  S.  meteorites,  vii,  230 
origin  of  S.  Carolina  phosphate  form- 
ation, vii,  338. 

new  mineral  phosphate  fVom  W.  L, 
vu,  428. 
mineralogical  contribution,  I,  90. 
on  ambrosite,  1,  273. 
on  the  Guanape  Island  guano  and 
its  minerals,  1,  273. 
Shepa/rd,  C,  U.^  Jr.,  S.  Carolina  nodular 

phosphates,  vii,  364. 
Shiroper,  W.  P.,  Vegetable  physiology  by, 

noticed,  vii,  272. 
Shooting  Stars,  1866,  Nov.,  Newton,  i,  68, 
273. 

Aug,  1866,  ii,  286,  429. 

1866,  Nov.,  Newton,  iii,  78,  276, 
413. 

1867,  May.  iv,  129;  July,  Kwk- 
wood,  iv,  288;  Aug.,  Newton,  iv,  426; 
Nov.,  Newton,  v,  78,  226. 

Aug.,  1868,  Newion,  vii,  287. 
Nov.  1868,  Newton,  vii,  118, 399. 
1869,  Nov.,  ix,  244. 
connection  with  comets,  iv,  128. 
fan  of,  June  19,  1866,  Boudim- 
ger,  iv,  131. 

in  the  southern  hemisphere,  iv, 
429. 

Nov.  ori)it  of;  Adamt,  iv,  127. 
Nov.,  1866,  spectra  of,  v,  279. 
proportions  as  given  by  difibr- 
ent  observers,  Newton,  i,  192. 

recent  investigations  of,  Newton, 
iii,  286. 

treatise  on,  by  Eirkwood,  no- 
ticed, iv,  428. 

see  also  Ifefeorv. 
Skufddl,  O.  A.,  sources  of  great  Lakes, 

iii,  193. 
Skumard,  R  F.,  Catalogue  of  Paleozoic 
fossils,  noticed,  i,  124,  410. 
paleozoic  fossfls,  noticed,  ii,  118. 
collections  of,  viii,  294. 
Cretaceous  of  Texas,  by,  noticed,  ii, 
123. 
obituary  of,  viii,  294,  442. 
Siemens,  electric  machine  of,  iii,  386. 
Siberia,  tent  life  in,  etc.,  noticed,  1,  438. 
Silbermann,  J.  F.,  obituary  of,  i,  103. 
^cates,  anhydrous,   relation   between 
p^portions  of  alkmlies  and  amount  of 
oMctk,  Dana,  v,  109. 

chemical  formulas  of,  Dana,  iv,  263, 
398. 

determination  of  protoxyd  of  iron  in, 
Cooke,  iv,  847. 
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Saido  add  etherBi  I^riedd  and  Or<0a^  Hi, 
155,  331.  I 

Silicon,  carbon  replaced  by,  ii,  255. 

combinations  of.  with  alcohol-radi- 
cals, Friedel  and  Orc^,  iz,  307.  I 
graphitxndal,  crjat  of,  MtUer,  i,  108.' 
hydrid  of;  iv,  107.  i 
iodid  of,  lYieda,  vi  398. 
new  oompoonds  of,  iv,  105. 
oxychlorid  ot,  vi,  125. 
SiUiman^  R^  Sr,,  Weaton  meteor,  1807, 

vii.  1. 
SUUman  A,  on  Arizona,  i,  289. 
Ghiy-Lu88ite,  NeTada,  ii,  220. 
naphtha  and  illuminating  oil  from 
California  tar,  iii,  242. 

note  on  petroleum  analysed  by,  iii, 
245;  Peckham,m,  345. 

Grass  Valley  gold-miniug  district,  iv, 
236. 

peculiar  mode  of  occurrence  of  gold 

and  silver,  v,  92. 

mastodon  in  California,  v,  378. 

Phillips  on  gold-minin^r,  noticed  by, 

vi,  134. 

American  Assoc,  meeting,  vi,  275. 

transformatioii  of  Siredoo,  vi,  421. 

illuminating  power  of  gas,  mixed 

with  air,  viii,  40. 

on  WoUongongite,  viii,  85. 

relation  of  the  hght  from  gas  to  the 

volume  consumed,  iz,  17. 

on  flame-temperatures,  iz,  339. 

note  on  Mr.  Stimpson^s  paper  on 

Farmer's  Theorem,  1,  377. 

on  the  determination  of  the  Photo- 
metric power  of  a  rich  gas  by  dilu- 
tion,  eta,  1,  379. 
SiUiman^  J,  J£,   spectroscopic  examina< 

tion  of  the  Bes^mer  flame,  1,  297. 
Silk,  solution  of,  i,  427. 
Silver-mines  of  Chihuahua,  iz,  161. 

mining,  Phillips  on,  noticed,  vi,  134 
Silver,  sulphuret  of,  Blake^  iii,  126. 
Silvering  upon  glass,  iii,  262. 
Siredon,  metamorphosis  of,   Marshy   vi, 

364,  436;  SUliman,  vi,  421. 
Simnonda,  Anthradte  rocks  of  Alps,  ill, 
409. 
Chart  of  N.  W.  Italy,  iii,  116. 
Sitka,  scientific  party  for,  iv,  291. 
Sky.  color  of;  T\fndati,  viii,  258. 
Skylight  polarization  in  Nebraska,  (T^om, 

iv,  265. 
Smiihf  K  IT.,  ezperiments  with  fluid 
jets,  V,  419. 

resolution  of  sounding   flames,  v, 
421,  422. 

Smithj  iT.  L.,  on  a  microscopic  finger,  i, 
331. 

note  on  illumination  of  opake  ob- 
jects under  the  microscope,  i,  424. 


Smiihf  E  L,f  new  binocular  eye-pieoe« 
v,42. 

on  the  spectropcopic  A«ifninfttu»  of 
Diatomaoese,  viii  83. 
Smithy  J.  JLf  emery  of  Chester,  Mass.,  il, 
83. 
Colorado  meteorites,  iii,  66. 
minerals  from  Kellogg  mines,  Aik., 
iii,  67. 
meteoric  iron,  Mezioo,  v,  77. 
meteorites,  Wisconsin,  vii,  271. 
Cohahuila  meteorite,  vii.  383. 
on  desCloizite,  viii,  137. 
on  lesleyite,  viii,  254. 
Alabama  meteorite,  iz.  90. 
meteorite  in  Ohio,  iz,  139. 
Franklin  Co.  meteoric  iron,  and  anal- 
yses of  meteoric  irons,  etc,  iz,  331. 
on  alkalies  in  leudte,  iz,  335. 
fall  of  met -rite  in  Georgia,  1,  293. 
meteorite  of  Stewart  Ca,  Ga.,  analy. 
sis,  1,  339. 

on  use  of  flame  heat  in  the  labora- 
tory, etc.,  1,  341. 
Smithy  S.  /,  on  new  crustacesk,  viii  118. 
on  Crustacea  of  Brazil,  viii,  388. 
on  American  Crustacea,  Na  I,  no- 
ticed, iz,  426. 
Smithsonian  contributions  to  paleontolo- 
gy, iii,  363. 

Institute,  histoiy  of,  Benlhamf  ir, 
305. 
Ubrary,  transfer  of,  Henry,  v,  137. 
report,  1864,  noticed,  i,  143;  1865, 
ii,  436;  1867,  vii,  295 ;  1868,  viii,  450. 
Smjrtlit  R.  B.,  gold-fields,  etc.,  of  Vic- 
toria, noticed,  iz,  263. 
Snell^s  Olmsted's  Astronomy,  ii,  139. 
Soap  and  candles,  manuf.  of,  noticed,  iv, 

141. 
Sodium-amalgamation,  Wurhj  i,  216. 
flame,  iii,  91,  94. 

use  of,  in  ezplosive  powders  vii,  431. 

Soils,  specific  heat  of,  J^fijmndler,  iii,  393 

Solar  atmosphere,  yellow  ray  of,  vii,  416. 

corona  in  total  solar  edipses,  Norkm, 

1,250. 

edi|*8e,  on  observing,  Neweombf  vii, 
413. 

physics,  De  La  Rue^  eta,  iii,  179), 
322. 

prominence,  photograph  of;  Tmrng^ 
1,404. 
protuberances,  vii,  127,  273. 
spectrum,  vii,  127,  273,  274,  417. 

map  of;  GMb,  iii,  1. 
sgots,  vapor  of  water  near,  vii.  416. 
See  dso  Sun, 
Sombrero,  geol  of,  JuUeriy  noticed,  ii,  439. 
Sorby,  on  meteorites,  i,  136,  137. 

spectra  of  zirconium  and  uranium 
compounds,  iz,  387. 
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Soret^  densitj  of  osone,  It,  108. 
Sound,  transmission  of,  affected  by  in- 
terior fHction  of  tlie  air,  iii,  263. 

velocity  of,  Kundt^  ii,  268 ;  Neumann^ 
ii,4l7. 

waves,  interference,  apparatus  for, 
ii,  417. 
Spectra,    influence    of  electro-negatiye 
elements  on,  Draeon,  I  260. 
ultra-violet,   on    the,  Maaeari,  viii, 
404. 

gaseous,  researches  on,  Frankiomd 
and  Lockyer^  viii,  402. 
Spectral  lines,  Binricha^  ii,  350. 

breadth  of,  lAppiehj  1,  106. 
of  the  elements,   wave-leng^s 
of,  Gibbe,  vii.  194 ;  Thdlen,  vii,  272. 
spectroscope,  a  new,  ZdUner.  ix,  68. 
forms  of,  Pickering^  v,  301. 
detection  of  chlorine,  bromine  and 
iodine  by,  i,  112. 
Spectroscop  c  examination  of  the  Bes- 
semer flame,  J.  M.  StUman^  \  297. 
of  the  Diatomacese.  viii,  83. 
Spectnun    unalysis,   Lodcyer^    ix,    432 
Bo8coe  ix.  389. 

aqueous  lines  of,  Cbo&e,  i,  178. 
artificial,  vii,  418. 
measurement  of  wave-lengths, 
OQ)^,  V,  298. 

of  aqueous  vapor,  Ntdd^s^  iii,  90. 
of  Aurora  of  April,  1869,  viii, 


404. 


279. 


127. 


of  electric  brush,  iii  394. 
of  the  star.-*,  v,  393;   vii,  274, 
416,  417;  ix,  58. 
of  shooting  stars,  Browning^  v, 

of  f  Ooronae,  il,  389. 
observations  during  eclipse,  vii, 

solar,  vii,  127,  273,  274,  417. 

map  of,  GibbSj  iii,  1. 
stellar  Secehi,  v,  393. 
violet  portions  of,  Angstrom^  v, 
260. 
Sponges,  animality  of,  Clark,  ii,  320. 
new  genu'i  from  the  lower  Sflurian, 
Marsh,  iv,  88. 
SpontaneouH  generation,    Child,  i,  381 ; 
Dana,   i,   389;    Verria,  i,   418,   420; 
Nickl^,  iii,  97. 
Slddekr,  on  yolk  of  eggs,  vi,  236. 
Stanley's  loganthmic  tables,  error  in,  vii, 

287. 
Stardrift,  ix,  436. 
Star-mapper,  Pcarkhu/rsi,  viii,  163. 
Star,  new  variable,  ii,  79,  80,  136. 

spectrum  of,  Huggina  ii,  389. 
photometer,  results  of,  ii,  418. 
Stars,  fixed,   D*Agelet's  observations  on. 


Stars,  heat  of  Huggina,  viii,  286 ;  iz,  108. 
heating  power  of,  ix,  434. 
spectra  of,  ix,  68. 
Statistics,  military  and  anthropological, 

GoiM,  viii,  149. 
Steel,  Beaaemer,  i.  278. 
Stefan,  sound  aifected  by  interior  frictioii 

of  air,  iii,  263. 
Stellar  spectra,  Seochi,  v,  393. 
Stereoscope,  real  image.  Maxwdl,  v,  116. 
Stevena,  Hanry,  life  of  Humboldt,  ix,  1. 
on  the  earliest  discoveries  in  Amer> 

ica,  viii,  299,  437. 
Stewart,  B.,  auroral  appearances,  etc.,  iz, 

281. 
solar  physics,  liL  1 79,  322. 
Stinipson  on  the  Hydrobiinse,  noticed,  i, 

270. 
Stimpaon,  F.  E,,  discussion  of  Farmer's 

tlieorem,  1,  372. 
StockweU,  J,  N.,  variation  in  elements  of 

earth's  orbit,  vi,  87,  436;  L  147. 
Stodder  on  Nobert's  test-plate,  review  of. 

SuUivnnt,  vi,  347. 
Stone  implements,  Oeltic,  oompositioii  of, 

ii,  272.  ' 

Chaters  cdlection  of,  ii,  289. 
of  Elba,  i,  427. 
Stone,  E.  J.,  appointed  astronomer  at  the 

Cape  of  Good  Hope.  1,  149. 
Storer,  D.  II,  fishes  of  Mass.,  noticed,  v, 

129. 
Storer,  F.  H.,  hydrocarbons  tfom  animal 

fats,  iii,  260. 
Johnson^H  How  crops  Grow,  noticed 

by,  vii  147. 
naphtha  from  Rang^n  petroleum, 

ill,  251. 

on  nitric  acid  and  chlorate  of  potas- 
sium as  an  oxyizing  mixture,  viii,  190. 
Storer  and  Eliot,  chemistry  of,  noticed, 

iii,  420;  vi,  130. 
Storer,  H,  B,,  decreasing  increase  of  p<^ 

ulation,  iii,  141. 
Storms,  telegraph  to  announce,  ix,  282. 
Streeker,  on  sulph-acids,  vi,  124. 

on  uric  add,  vi,  124. 
Strong,  T.,  obituary  of,  vii,  293. 
Struver,  on  seUaite,  1,  273. 
Subsidence  of  land  nt  Ooxsackie,  i,  12. 
Sugar  in  the  Uver,  vi,  379 ;  vii,  20,  268, 

393 
test  for  di^inguishing  kinds,  i,  427. 
SuUivant,  W.  S,  Musci  Bor-Amer.,  by. 

1,417. 

notes  on  Stodder  on  Nobert's  test- 
plate,  vi,  347. 
Sulph-acids,   formation  of,  Sireekar,    vi, 

124. 
Sulphid,  carbonylic.  Than,  v,  261;  Bet' 

thclot,  vi,  129;  vii,  122. 
Sulpho-carbamid,  Beynolda,  vii,  428. 
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Sidphiir  deporit,  idand  of  Sftbo,  Tiii,  278. 
in  organic  oompounds,  method  of  de- 
tennining,  Warren^  i,  40. 
new  add  of,  viii,  408 
salts,  new,  Schneider,  ix,  108.  263. 
Sulphuric  add  of  Oa«*teropods,  iz,  420. 
Sulphuric  anhjdrid,  inodifloations  ot  I, 

114. 
Sulphurous  add,  actum  of  sunlight  on, 

LomOy  ix,  368. 
Summer.  Indian,  Willety  iv,  340. 
Sun,  edipse  of,  ix,  184. 

of  AugUi^t  7,  1869,  viii,  286, 
Oould,  yiii,  434;  Mayer's  report  of, 
liii,  434 ;  meteors  durinfr,  BimeB,  viii, 
436 ;  Pkkenng's  party,  viii,  436 ;  Wtn- 
AnO;,  viii,  434;   roui^,  vui,  370, 463. 

Foucault's  objectives  for  observing. 
iii,264. 

light,  action  of,  on  glass,  GoffiM^ 
iv,  244,  316. 

limb  of,  method  of  observing  coo< 
tacts  at,  Young,  viii,  370. 

method  of  viewing  solar  prominen- 
ces without  au  edipse,  viii,  4(il. 

physical  constitution  of,  Locky^,  viii, 
402,403. 
protuberances  of,  ZoUner^  viii,  401. 
spectroscopic  examination  of^  Loek- 
yer,  viii,  121. 
spots,  Vela  Rue,  eta,  iii,  179.  322. 
and   auroras,    compared   with 
magnelio  declination,  Loomis,  1,  153. 

and  other  solar  phenomena^ 
Sdmabe,  iv.  287. 

influenced  by  refraction,  ii,  260. 

theoretical  temperature  of,  Lane, 

1,67. 

See  alsOiSblar. 

ApoUow,  O.  C,  geoL  report  of  Kansas, 

noticed,  iii,  283. 

notes  on  Kansas,  i,  406. 

Sweden,  ged.  map  of;  i,  429. 

SuiJbo,  meteorite  in  Hungary,  ii,  432. 


Tadpole  oeets,  supposed,  Skepard,  iii,  99. 
Tahiti,  tides  at,  Bodgere,  i,  1 61 ;  Winelow, 

ii,  46. 
IMuU,  J.  &,  new  analytical  processes,  1, 

244. 
Tsntalic  acid  in  microlite,  Shepard,  1.  96, 
Tantalum,  Marignac,  i,  397. 

compounds,  MarigtMC,  iii,  108 ;    De- 

wQie  and  Jirooet,  v,  396. 
reduction  of,  Marignae,  v,  393. 
Tapir,  new  spedes  fh>m  Guatemala,  CfiU, 

1,141. 
young,  VerHU,  iv,  126. 
Taylor  on  minend  resources  of  U.  Sw,  vi, 

131. 


jTelegraph  Co.,  exploratiotis  by,  in  Baa- 

siao  America,  i,  1 39. 
by  soimd,  in  Africa,  i,  140. 
longitude  measured  by,  iii,  130. 
Temperature,  influence  of,  on  modulus  of 

elastidty  of  metals,  KokkoMtek  and 

Loomis,  1,  360. 
theoretical,  of  the  sun,  1,  67. 
terreetriul,  and  solar  qpots,  Ahbe,  \ 

345. 
of  flame,  ix,  339. 
iTennessee,  gedogyof,  Sagbrd,  i,  409,  vi, 

436;  viii,  416. 
petMleum  Id.  Sqfmd,  ii  104. 
iTenney's  Nat  Hist  of  animals,  ii,  429. 
Terbium,  non-existence  of;  i,  400. 
Terpiri,  native  hydrated,  Blake,  iii,  202 ; 

Johneon.  iii,  200. 
tTt-sts  for  parallelism  in  glass,  Gibbe,  1,  36. 
Texas,  geoL  6urvay,  Buckley's  report,  ii, 

437. 
Teyler  Museum,  Ardiivea,  noticed,  vi,286. 
Thailic  add.  Carekiffjen,  iv,  269. 
Thallium  and  tiiallic  <.cid,  i,  106,  107. 
ethyl  compounds  of,  ix,  389. 
position  of  among  dements,  1, 10& 
salts  of;  Stndter,  i,  114. 
Thallous  oxyd,  a  test  for  oacme,  viii,  410. 
Than  on  carbonylic  sulphid,  v,  251. 

production  of  osoae  in  rapid  com- 

bustioD,  1,  266. 
^nieory  of  existence,  noticed,  ix,  286. 
Thermal  unit",  Mew^  1,  149. 
Thermo-dyoamics,  St  Robert's,  noticed, 

i,  287. 
lliermo-electric  currents  by  peronsaon, 

ii,  12. 
|Thioxyl,  dilorid  of;  synthesis  of,  ii,  107. 
Thomas,  T  F,,  anal  of  mineral  water,  ti, 

196. 
Thomatm,  W,,  size  of  atoms,  1,  38. 
TTufmeoUy  Wm,,  size  of  mdecules,  1,  268. 
Tide6atTahiti,Ji^y«ri,  1,161;  W«a«few, 

U.  46. 
iTillmau's  chemical  nomeodatore,  iii,  140. 
Tin,  separation  of  trom  arsenic,  etc.,  ix, 

48 
Tin  and  tungsten,  separation  o£,  IhthoU, 

I  246. 

iTitaninm,  oxyd  of,  Chester,  Mass.,  ii,  92. 
Tuluidine,  new  alkaloid  isomeric  with, 

viU,  123. 

Tonei*,  mterferential,  St^tm,  iii,  263. 
Topler's  method  f«>r  finding  differeocea 

of  density,  iii  390. 
Torrev,  J.,  semi-centennial  of,  v,  273. 
Traill's  treatise  on  quarts  and  opaL  ix, 

403. 
[Transit  observations,  personal  equation 

in,  Rogers,  vii.  297. 
Transparency  of  the  air,  NkUie  v.  70. 
T^readweU,  D.,  new  cannon  i,  97. 
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Yose's  Orogr^iio  geology,   noticed,  ii, 

123,  206. 
Vowel  elements  in  speech.  Porter,  ii,  167, 

303. 


WacharmUh^  C.^  Burlington  limestone  for- 
mations, ii,  96. 
Wales,  North,  geoL  of,  Ramsayj  on,  ii, 

265. 
Walker  prize  subjects,  Best  Soa  Nat. 

Hist,  ii,  136. 
Wallace,  A.  R.,  on  Natural  SelectioD,  no- 
ticed, 1,  142. 
WaUs,  J.y  oxydation  of  diamylene.  y,  67. 
Ward,  H.  A.,  casts  of  fossils  by,  ii,  136, 
Ward,  N.  B.,  obituary  of,  Ti,  273 ;  Gray, 

vii,  141. 
Warren,  C,  Mi,  dilorine  in  organic  com- 
pounds, determ.  of^  ii,  156. 

hydrocarbons  from  animal  fats,  iii, 
260. 

in  Pennsyly.  petroleum,  y,  262 
naphtha  from  Bangoon  petroleum,  iii, 
251. 

sulphur  in  organic  compounds,  de- 
termination of,  i,  40. 
Warren,  S.  E.,  geom.  problems  by,  no- 
ticed, ill  284. 
Shades  and  Shadows,  noticed,  iy,  139. 
Washing  of  precipitates,  Bunaen^  yii,  321 
Washington,  Mt,  height  of,  iy,  377 ;  y, 

424. 
Water,  absorptiye  power  of  yapor  of^  ii, 
259. 
expansion  of,  iii,  264,  393. 
from  conduit  pipe,  delivery  of^   y, 
191. 

of  Lake  Leman,  color  of,  Hayes,  iz, 
186. 

on  filtration  of,  by  Kirkwood,  noticed. 
yiii,446. 

vapor  of,  abj^orptiye  power  of,  iii, 
246. 

in  stars.  Kiekles,  y,70. 
spectrum  of,  iii,  90. 
Waters,  mineral,  see  mineraL 
Wataon^  J.  C,  discoyery  of  planets,  iy, 
426:  vi,  274,  392. 

Theoret.  Astronomy  by,  noticed,  yi, 
146. 

receiyes  the  Lalande  prize,  in  astron 
omy,  1,  293. 
Watspn*s  index  to  Indian  names,  yii,  143. 
Waye-apparatus,  Lyman,  y,  384. 
Wave-lengthy  measurement  of;  by  re 

fractiye  indices,  OiUbe,  \,  46. 
Weil,  ydumetrio  estimation  of  copper,  1, 

108. 

Weisbach'8  mechanics,  noticed,  viii,  449 ; 
ix,144. 


Weld,  M,  C,  remains  of  beayer  in  N.  J., 

viii,  443. 
West  Virginia,    oil-bearing    uplift   of^ 

Evane,  ii,  334. 
WetherUt,    C.  M,  crystalline  nature  of 
glass,  i,  16. 
on  itacolumite,  iy,  61. 
Whairtcn,  J.,  autumnal  foliage,  yii,  261. 
products  of  nickel  maLufacture,  ix, 
366. 
Wheatstone's  electric  machine,  iii,  386. 
Wheeler,   C.   0.,   action  of  peroxyd  of 
manganese  on  uric  add,  iy,  218. 

hypochlorous  add  on  oQ  of  turpen- 
tine and  camphor,  y,  48. 

on  a  process  of  elementary  analyiii^ 
i,  33. 
Whewell,  W.,  obituary  of,  i,  428. 
Whelpley  and  Storer's  metallurgical  me- 
thod, iii,  305. 
Whitvier,  W,,  subaerial  denudatioo,  yi, 

268. 
White,  C.  ^^  appointed  geologist  of  Iowa, 
ii,272. 
drift  m  8.  W.  Iowa,  iii,  301. 
geoL  of  Iowa,  iy,  23 ;  1,  136. 
Iowa  coal  measures,  y,  331. 
coal  in  Nebraska,  y,  399. 
Iowa  geol.  report  by,  noticed,  in, 
284;  y,  402. 
shell-structure  of  Naiades,  y,  400. 
on  "  Cone  in  cone,"  y,  401. 
Unios  and  light,  yii  280. 
White  Mts.,  glaciers  in,  Padcard,  iii,  42. 
Whitney,  J,  D,,  geol  report  of  California, 
noticed,  I  124,  231,  36L 
borax  in  California,  i,  256. 
new  facts  in  geoL  of  California,  i,  252. 
hum»<n  skull  from  shnfr  in  CaL,  iii, 
266. 
Nevada  Sflurian,  iii,  267. 
publications  of  CuL    ge<^   smrey, 
yiii,  133,  148, 161. 

Tosemite  guide-book,  by,   noticed, 
yiii,  148. 
explorations  in  Rocky  Mts.,  ix.  398. 
Whitney,  H.  M.,  eruptions  in  Hawaii,  yi, 

112. 
Whittkaey,  C,  explorations  in  HinneeoU, 

noticed,  ii,  440. 
Wiedemann,    on    magnetism    of    com- 

pounds,  yii,  128. 
WOdtr,  B.  0.,  on  morphology  in  limbs  of 
mammals,  i,  132. 
morphology  of  the  hand,  iy,  44. 
notice  of  Jour,  of  Anat  and  Phy8k>L, 
y,  124. 
on  extra  digits,  noticed,  yii,  160. 
WtOet,  J,  R,  fall  of  meteorite  in  Georgia, 

1,  336. 
WiOiams,  C.  O,,  artificial  formatioQ  of  or> 
ganic  substances,  yi,  327. 
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WiUiams,  S.  W.,  hail  in  China,  iil  281 
WUVs  qnalitatiye  anal jsis  tables,  noticed, 

iv,  140. 
Wimmer,  Salices  Europe®,  iii,  272. 
Winthdl,  A.f  petroleum  in  Canada,  i,  176. 
fossils  of  M)irsh4i)l  group,  bjr,   no- 
ticed, i,  120. 

Niagara  limestone  fbftsils  near  Chi< 
cago,  by.  noticed,  i,  409. 

on  GrTnud  Trayerse  region,  noticed,  ii, 

268. 

geological  chart  bjr,  ▼!,  140. 

Sketches  of  Creation  by,  noticed,  iz, 

400. 

Winds,  motion  of  dome  at  Washington 

by,  Ix,  384. 
Wine-making,  Remelin  on,  noticed,  yi, 

432. 
Wingj   C,  J7..  on  double  sulphatep,  ix, 

366. 
Winkler's  Mus^  Teyler  catalogue,  ill, 

284;  V,  12!. 
Winlock, «/.,  on  solHr  eclipse.  Till  434. 
Winnecke,  discovery  of  comet,  1,  104. 
Winslow^  0.  F.,  tides  and  earthquakes,  ii, 
46. 
human  remains  in  Califomia,  vl  407. 
Wohler^  /!,  graphitoidal  boron,  iii,  260, 
388. 

laurite  and  diamonds  in  Oregon,  viii, 
441. 
Wolff  C,  equiralent  of  cerium,  yi  63. 
WoUiam,  transparent,  DesGloizeaux,  yiii, 

137. 
WolUy  C,  F.y  on  supposed  hercynite,  yiii, 

360. 
Wood  K  C,   A]g»  !h>m  Califomia  hot 

spring,  yi,  31. 
Woods.  N.  A.,  Myriapoda,  noticed,  i,  136 
Woodward,  /T.,  new  Paleozoic  fossils,  ii, 

264,  272. 

Woodward,  J,  J,,  photo-micrography,  ii, 
189. 
Noberf  s  test-plate,  yi,  362. 

nineteen  band  test-plate,  yiii, 
169. 

magnesium  and  electric  lights    in 
photo-micrography,  iz,  294. 

Calcium  light  in  photo-micrography, 

1,366. 

Workshop,  The,  noticed,  yi,  161,  494. 

Wonnley's  Micro-Chemistry  of  Poisons, 

noticed,  iy,  140. 

Worfken,  A.  H.,  geoL  suryey  of  BL,  ii, 

291;  iii,  110,396;  yii,  161. 

Paleontology  of  Dlmois,  eta.  iii,  113. 

on  paleozoic  crinoidea,  yiii,  23. 

WrigM,  A.  TT,  form  of  dischaiige  be 

tween  poles  of  electric  machine,  iz, 

381. 

WwrtHy  A,,  syndesis  of  aromatic  adds,  1, 
116. 


Wwrtz,  £f.,  sodium  amalgam,  i,  216. 
on  grahamite,  ii,  420. 
atmospheric  air  mized    with   gas, 
yiii,  40. 
gas-wen  in  New  York,  iz,  336. 
on  flame  temperatures,  iz,  339. 
Wyman,  </.,  obseryations   and   experi- 
ments on  living  organisms  in  heated 
water,  iv,  162. 
on  a  crocodile  in  Florida,  iz,  106. 


Yale  College,  Peabody's  gift  to.  iii,  131. 

Yosemite  guide-book,  viii,  148. 

Young,  C.  A.,  printing  chronograph,  ii, 
99. 

on  a  new  method  of  observing  con- 
tacts at  the  sun*s  limb,  eta,  viii,  370, 
463. 

photograph  of  solar  prominence,  I, 
404. 

Yttria,  Bahr  and  BiMtn,  i,  399. 


Z 


Zinc  and  manganese  precipitated  as  sul- 

phids  IbXbott,  1,  244. 
Zirconium,  new  element  aBSOOiated  with, 

viii,  405. 
Z5WMr,  J,  G.  F.,  on  astro-photometer,  ii, 
418. 

observations  on  the  protuberances 
of  the  sun.  viii,  401. 
new  spectroscope,  eta,  ix,  68. 
Zoological  nomenclature,  VerriXL,  viii,  92. 
Zoological  Wobks,  noticed — 

AVUn,  H,,  Comparative  Anatomy,  vii. 

149. 
AJkn^  J.  A.,  Catalogue  of  Mass.  rep- 
tiles and  batnichians,  vii,  285. 
Bischqf,  on  gorilla,   diimpans^   and 

orang-out  ing,  iv,  142. 
Clark,  ff,  J.,  Spoogin  dliatee,  v,  418. 
Cope,  E,  />.,  Families  of  raniform  Anu- 
ra,  V,  418. 
Allegheny  fishes,  Ya.,  vii,  285. 
Batrachia.  Reptilia,  and  Aves,  ex* 
tlnct,  of  N.  A.,  by,  viii,  461. 
Ooues,  Cdymbus  torquatus,  iii,  411. 
Birds  of  N.  Enjrland,  vii,  160. 
S.  Carolina,  vii,  160. 
Edwards,  N.  American  butterflies,  vi, 

150,436;  vii,  150. 
Oray,  Synopsis  of  the  star-flshes,  in 

the  British  Museum,  iv,  426. 
Orote,  Zygaenids  of  Cuba,  iii,  41 1. 
Hyatt,   moUusoous   order    Tetrabran* 
chiata,  iv,  124. 

Journal  of  Anat  and  Physiol,  v« 
124. 
Polyzoa,  vi,  160. 
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ZooLOOSOAL  WoSKS,  notioed:— 
Lea^  UnionicUe,  iii,  41 L 

Index  Uni<mid0|  ▼.  119. 
Mwrray^  geographical  distribution  of 

mammals,  iii,  410. 
Pachairdy  Inyertebrate  £Mma  of  Labra> 
dor,  iv,  117. 
Study  of  InseotSy  yi,  274. 
Pa/rkor  and  Joms^  ooeanio  Foraminifera, 
1,287. 

Record  of  Zoological  literature, 
1864,  i,  287;  1865,  iy,  144. 
iSbudder,  Fossil  Neuroptera,  iii,  41 1. 

N.  Amer.  Orth<^>(era,  vil,  436. 
Storer,  Fishes  of  Mass.,  y,  1 29. 
SHmpmm  on  the  Hydrobiinie,  i,  270. 
VemfH  Polyps  and  Corals  of  N.  Pa- 
oifle  Ezpl  Bxped^  i,  136. 

on  HartV  corals  and  eohinodsrms 
fh>m  BrHzil,  y,  416. 

Eohinoderms  from  Lower  OaL,  y, 
417. 

Radiata  in  Museum  of  Yale  Col- 
lege, iy,  125 ;  yii,  286. 
WtZdar,  morphology  and  teleology  in 

limbs  of  mammals,  i,  132. 
Wo9d^  myriapoda,  i,  135. 

ZOOLOOT — 

Aknronaria,  in  Y.  C.  Museum,   VmnXi, 

yi,  143. 
Animal  Oommensalism,  Van  JS^iisdm, 

1,  285. 

AnthoBoa,  polymorphism  of;  yi^  273. 

Birds  of  N.  America,  distribution  and 

migration  of;  i,  78,  184,  249,  337. 

KUiott's  proposed  work  on,  i,  288. 

on  oarbdising,  Pariber,  1,  263. 

Braohiopoda,  a  diyision  of  aunelida, 

Money  1,  100. 

early  stages  of,  Morte,  ix,  103. 

Butterflies  of  N.  A,  part  5,  ix.  427. 

Carboniferous  insects,  Scvdder^  yi.  419. 

Corals  and  polyps  of  West  Coast  of 

America,  VtrriU^  yiii,  432. 
Crustacea,    new,    .^Sthra,    Soylaridaa, 
BmUh,  yiii,  118. 
of  Brazil,  Smith,  yiU,  388. 
PhylH^  yiii,  240,  430. 
American,  iz^  426. 
•    Cystidean,  recent,  Loviny  riil,  429. 
Ditnorphodon,  1,  134,  424,  425. 
Dodo,  skeletons  of,  found,  i,  273. 
Ecbtoii  orinoidS)  eta,  f^  deep  aaa 
dredgings,  yiii,  45  U 


ZOOLOGT-^ 

Eohinoderms  and  Ccmds  fhxn  Gulf  of 

CaL,  Verrm,  ix,  98. 
Elasmognathus  Dowii,  GiU,  1,  14L 
Entoioa,  new  species  of;  VerritLf  \  2t& 
Ethmophyllum    and    Ardieocyaithus, 

Meeky^  144. 
Flying- fish,  fliKht  oi^  Mmm,  i,  272. 
Fossil  see  CMogy. 

Gasteropoda,  sulphuric  add  of;  ix,  480. 
Gu:f  stream  fauna,  Fm^talea,  yi,  4(99, 

413. 
HakyoQoid  p<^ype  in  Yale  C(^lege  Mu- 
seum, VurriU,  y,  411;  yii,  282;  Tiii, 

419;  Kmher,\  4$0, 
Horse,  fossil,  MarO^  yi,  374;  Oima,  1, 

424. 
Jelly-fish  and  actinians  fh>m  Mdne, 

VenUl,  yiii,  116. 
LiBlaps,  Cbpe,  yi,  415. 
Leporide,  FigMnuOy  y,  127. 
Life  and  Specie^,  Owen^  yii,  33. 
liying  forms  in  hot  waters  <^  Oalifor> 

nia,  y.  839. 
Mole  crickets,  Scudder,  yi,  417. 
MoUuscan  fauna  of  New  Hayen,  iz, 

276. 
Natural  Selection,  WaUaee,  1, 142. 
New  Corals,  VerriB,  ix,  370. 
Nudibranchiata,  New  England,  VwriU^ 

1,  405. 
Pennatula  flsunily,  Rkhiardk  ix,  426u 
Polyps  and  Crustacea  of  the  Ringgold 

Exploring  Expedition,   FarrtZI,  yiii, 

43L 
Protozoa,  i,  421. 
Scorpion,  etc,  from  Hi,  Meek  and  Wof^ 

Man,  yi,  19. 
Sea-urchin  of  New  England,    Vmrii, 

ix,  101. 
Shells  planted  in  Erie  Canal,  y,  137. 
of  Gulf  of  California,  VtrriO,  ix, 

217. 
Siredon  metamori^ioaed  into  Amblys- 

toma,  JTorM,  yi,  364, 436;  SOUmmt, 

yi421. 
Tapir,  new  species  of;  OtU,  1,  141. 
Tubipors,  structure  of;  yi,  273. 
Unionidae,  Synopsis  ot,  Lea,  \  284. 
Unios  sensitiye  to  light,    WMb^  y£i, 

280;  /^yii,430. 
Zoology,  new  preaerring  fluid  for,  Veit- 

riUf  i,  269. 
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